ADDENDA AND CORRIGENDA.
Page 168. Lime Springs, total solids, 540, should r ead, 462.
Page 169. Sumner, depth of well, 1,740, should read 1,720.
Page 175. After " Out," third line from top, add-of the '19 counties only 8
have deep wells. It is of
Page 183. Grinnell, John Goodfellow, change a to d.
Page 201. Centerville, city (No. 1) and ( No.2) , should r ead (No. 2) and
(No. 3.)
Pag,e 211. Table of average mineral content of waters. For Northeast Dis·
trict, first three columns should r ead 20, 15, 89.
Page 384 . . Log of Steam H eating Company well, 8th line, after "cherty" addarenaceous limestone.
Page 920. Analyses of drillings, Depths of samples are 308, 618, 8{)8, 938,
1228 feet.
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NINETEENTH AND TWENTIETH ANNUAL

Reports of the State Geologist
DES MOINES, DECEMBER 31, 1911.
To Governor B. F. Carroll and Members of the Geological
Board:

GENTLEMEN :-Since the publication of the Eighteenth An. nual Repo~t the Iowa Geological Survey has suffered a great
loss in the death of my predecessor, Professor Samuel Calvin,
who, from the beginning of the present Survey in 1892 until
his death in April, 1911, devoted much time and energy to the
service of Iowa. The name of Professor Calvin will go down
in history in connection with the scientific and economic development of Iowa. Under his directorship the Iowa Geological Survey published nearly twenty volumes of reports dealing
with the geology and mineral resources of the state. The se
publications will ever stand as a monument to the thoroughness with which he pursued his scientific work and to his broad
conception of the functions of a State Geological Survey. That
which he ever had in mind was well expressed by himself in
his presidential address delivered before the members .of the
Iowa AcademY" of Science, in April, 1908. He said,
"It has been the aim of the Survey to collect and furnish
trustworthy information, the fullest possible, relative to the
geologic structure and geologic resources of Iowa; but while
the purely economic side of the subject has necessarily been
emphasized more or less in all the work so far done, any facts
that could make knowledge dlearer, broader, more definite,
have not been neglected. Facts that seem at first to be -in no
way related to commercial or industrial activities, may be the
germs from which will spring some great body of knowledge
of the utmost importance to the well being of mankind. The

x

ADMINISTRATIVE REPORTS.

oft quoted example of the twitching of the muscles in the
legs of a frog under an electrical stimulus seemed as far removed as possible from anything that might contribute to
the accumulation of wealth or the promotion of human comfort, and yet that simple fact was the starting point from which
have developed the marvelous uses and applications of electricity which are of such stupendous and daily growing importance in modern human life. The pure science of today
becomes the basis of the applied science of tomorrow, and enlightened states, the world over, realize that money expended
for the prosecution and encouragement of scientific research,
is money well invested. By the substitution of definite knowledge for vague uncertainty relative to water supplies, coal,
lead and zinc ores, oil, gas, Portland cement materials, clays
and all other natural products, the Survey has saved to the
citizens of Iowa, many times over, all that the Survey has cost.
"As an aid to public education, helping the people to see and
appreciate and correctly interpret the geological phenomena
which lie all about them, helping them to view the world in
which they live understandingly, instead of looking at it with
the vague, dull, comprehensionless PJ-ental attitude of the unlearned savage, the Iowa Geological Survey has earned its
place as an important factor in contributing to the general
intelligence of this most beautiful, most prosperous, most intelligent state."
.
After having been appointed in May, 1911, by the Geological
Survey Board to succeed Doctor Calvin as direq,tor 'of the Iowa
Geological Survey, I endeavored to carry forward to completion
all the lines of work which had been approved by the Board and
which had been commenced under the direction of my predecessor. Some of these investigations had been scarcely begun, whereas others, upon which work had been done during several years,
were nearing completion, and the manuscripts were being prepared for publication. The report nearest to completion was
a cooperative report between the Iowa Geological Survey an<J
the United States Geological Survey on the important subject
of the Underground Waters of Iowa. Doctor Calvin had hoped
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that this report might have been issued during the fall of 1910
or early in 1911, but unavoidable delays in connection with the
incorporation of the work of several authors into one report,
the vast amount of material to be published, the making of
maps, charts, etc., caused the manuscript to be still incomplete
at the ' time of his death. It was evident that the Nineteenth
Annual Report would of necessity be late in publication, and
hence I decided that it would be well to combine the Nineteenth
and Twentieth reports into one volume, which constitutes the
Twenty-first volum~ of the <survey.
The volume is devoted principally to the Underground
Waters of Iowa. The manuscript was prepared by Professor
W. H. Norton and several collaborators. The discussion of
the chemical analyses and related features of the waters was.
prepared by Professor Hendrixson. Professor Norton for
many years has been keeping the records of the deep wells and
the data rela.ting to the underground waters of the state, and
has been giving expert advice to officials and municipalities and
others interested in problems of artesian supplies. Since 1903
the investigations ·have been carried on in cooperation with
the United States Geological Survey. Both the National and
the Iowa Surv.eys will publish the monograph on the underground waters of Iowa. This great work will constitute a most
valuable contribution to our knowledge of the resources of the
state.
•
In this volume are also included the statistics of the mineral
production of Iowa for the years 1909 and 1910. Several
months ago separates of this part of the volume were sent
to all the mineral producers of the state. It is gratifying to
note that the mine'r al production in Iowa in 1910 exceeded that
of any previous year, the total value being $22,744,572. Of
this amount coal at the mine contributed $13,903,913, which has
never been exceeded in the history of coal mining within the
state. Another interesting part of the report dealing with the
mineral production of 1910 is that which describes a new gypsum field which was discovered in Appanoose county by the
Scandinavian Coal Company while it was prospecting for coal.
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The evidence suggests that these new deposits may be of great
economic importance. In 1909 two well equipped Portland
cement plants produced cement in Iowa; a third plant was
added in 1911. Two of these plants are located at Mason City,
the third is in Des Moines.
I have the honor to report that during the years 1910 and
1911 the' Iowa Geological Survey carried forward a number of
lines of investigation in the field, and has served the state as
a bureau of information in the office. Citizens of Iowa, as well
as many persons living outside the state, are constantly applying to the offices of the Survey for information concerning the
character, extent and geographic distribution of our geological
resources; and to answe-r fully all the questions asked, a large
amount of time must necessarily be spent in compiling and
verifying data, and in setting out ihe facts in more or less
voluminous correspondence.
The work of the Survey for 1910 and 1911 may be summarized as follows:
First. Dr. S. W. Beyer and his assistants continued the
study of the quality and distribution of road materials, and the
results of this work will soon be ready for publication. Pleistocene gravels are very generally distributed, especially in
the northern half of the state, and they constitute ideal dressing for a properly constructed and well drained road bed. In
many counties there are ~nexhailstible beds of limestone that
some day may be crushed with cheap water power and so made
available for road purposes. Professor Beyer has also given
attention to the availahility of the Pleistocene sands and gravels
for the manufacture of concrete.
Second. Professor Norton has acted, and will continue to
act, as the expert of the Sp.rvey in connection with all problems related to the artesian waters of the state. The knowledge
Professor Norton has gained, as a result of his many years
of study of underground waters, enables him to give expert
advice to all towns and cities which are desirous of knowing,
. before going to the expense of a deep water system, whether or
not it would be advisable to do so, the depths to which wells have
l
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to be sunk in different parts of the state, the probable cost
of wells, the probable supply which may be expected, etc.

Third. To Professor B. Shimek was assigned the work of
making a' thorough study of the Mtonian gravels along the
western border of Iowa. The Mtonian deposits are especially
well adapted for use in all cases: where concrete construction
may be used. The demand for such material is good and an·
nually increasing; and, since in the western part ' of the state
the Mtonian beds are practically the only source from which·
sand and gravel for anY ' purposes may be' obtained, they possess a commercial importance difficult to estimate. The scientific interest of Aftonian gravels is scarcely less than their
economic intere'st. In the report on the geology of Harrison
and Monona counties published in Volume XX, the ancient life
of Iowa as it is revealed by the organic remains found in Aftonian, beds is discussed at some length. Since that report was
written more bones and teeth of fossil horses, camels, elephants, mastodons and clumsy ground sloths have been found.
One of the most interesting of the Mtonian fauna is the right
half of the lower jaw of a large bear, the first and so far
the only representative of the flesh eating 'mammals from these
deposits. Notable among the additions since Professor
Shimek's report was published is the lower jaw of a very
large male mastodon. The length of the jaw measured horizontally between the extreme anterior and posterior 'points
is slightly more than thirty-two inches. Altogether the speci- .
men indicates an animal of unusual size and weight even for
this bulky species. The extent to which the teeth are worn
shows that the individual attained extreme old age. Another
interesting addition has been the right radius, a forearm bone
of the old fashioned .ground sloth, Megalonyx. Professor
Shimek finds in the Aftonian gravels large numbers of mollusk
shells: belonging to the same species as those found in the
modern rivers of the state, and these suggest a climate in Aftonian times not greatly different from that of the present.
Geographically, the gravels are found to occur at short inter ·
vals on both side of the boundary line all the way from Sioux
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Falls to points in Missouri some miles south of Hamburg;
and the western Iowa field is certainly only a small part of the
area occupied by these interglacial gravels.
Full descriptions of the mammalian remains that have come
from the Aftonian gravels have been published by Professor
Calvin. The papers are entitled " Aftonian Mammalian
Fauna" and" Aftonian Mammalian Fauna II." The former
was published in volume twenty and the latter in volume twenty-two of the Bulletin of the Geological Society of America.
Fourth. The study of the margin of the Wisconsin drift lobe
in the northwestern part of the state was continued by Prof.
J. Ernest Carman during the summer of 1910 and completed
in 1911. The object of the work was to furnish data from which
a correct map of the drift sheets of that region can be made.
While engaged in these studies Professor Carman found a
number of other problems relating to structure, genesis and
age. These will be discussed in his paper which is now being
prepared.
Fifth. The Survey has continued its study of the streams
of the state. Gaging stations have been established on the
Des Moines, the Cedar, the Wapsipinicon and the Iowa rivers,
and some discharge mea;surements have been made. It is
necessary that gaging stations be maintained for several years
and that many discharge measurements be made before accurate statements can .be made with reference to the water power.
possibilities of streams. It is the intention of the Survey to
continue the gaging stations and the taking of discharge measurements until sufficiently accurate information has been obtained to permit a publication which will be of great value in
connection with the development of power within the state.
Sixth. Excellent work has been done in the past few years
III connection with the cooperative topographic mapping within the state. Our Survey pays one-half the field expenses
whereas the United States Geological Survey pays one-half
the expenses of the field and all other costs connected with
drawing, engraving and publishing the maps. The maps al- .
re-a dy issued are proving of great value in the locating of roads,
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steam and interurban railways, drainage ditches, and in other
ways. It is to be regretted that the funds available for this
important work are so small. It is very desirable that this
work be continued until an accurate topographic map of the
whole state has been completed.

Seventh. Detailed areal work and geological mapping waS'
carried on in Ringgold, Taylor, Calhoun, Greene, Floyd, Crawford and Clarke counties. During the summer of 1910 Professor Calvin completed the field work in Taylor county but at the
time of his death he h~d not written his report. Professor
Arey, who had made a survey of Ringgold county, which is
adjacent to Taylor county, spent some time in Taylor county
in 1911 in order that he might' properly interpret the notes of
Professor Calvin and write the report. Professor Macbride
has almost completed the survey of Calhoun alid Greene counties. Mr. A. O. Thomas spent some weeks in 1910 with Professor Calvin in Floyd county and continued his 'studies of the
county during a few weeks in the summer of 1911. Prof. John
L. Tilton began in 1911 a survey of Clarke county. Mr. Lees,
Assistant State Geologist, has completed the field work in
Crawford county and has commenced the writing of his: report.
Eighth. As an aid to the schools of the state and to the many
persons who are interested in the physical geography of Iowa,
the Survey has commenced the study of the most interesting
physiographic features of the state. During the summer of
1911, Mr. James H. Lees completed his studies' on the physical
features of the Des Moines river valley. During the field
season of 1910, some work was done on the physiography of
the Missouri Valley slope.
Ninth. Dr. O. P. Hay of the National Museum, Washington,
an authority on Pleistocene mammals, has almost completed
his report on the many interesting mammalian fossils of Iowa.
The Des Moines office has been in charge of Mr. J. H. Lees,
Assistant State Geologist, and Miss Nellie E. Newman, the
Secretary. From this office much valuable information has been
furnished to the people of the state and to many outside of
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the state. Much work fell upon the Des Moines office in connection with the preparation of the Twenty-first Volume of the
Survey reports, .which is herewith submitted for publication.
Yours respectfully,
GEORGE

I

F. KAy.

MINERAL PRODUCTION IN IOWA
IN 1909 AND 1910

MINERAL PRODUCTION IN IOWA FOR 1909 AND 1910*

VALUE OF MINERAL PRODUCTION.
1910.
Coal ..........................•.••.••....••..•.... $13,903,913
Clay and clay products ...••....•.•.•.••..••...••• 5,335,036
Stone and lime ..••.•........•.....•..•..••....•.•
639,831
943,849
Gypsum ........•..••........•••..•.•••.••••.•••..
Lead and zinc ..... .. ...•........••..••.•.•..•...
12,128
31,269
Sand-lime brick ......................•........••..
Mineral waters .....•...........•.•.•....•••••..••
27,175
Sand and gravel ..•.....•.•..•.•.....•...•..•• 1. • • •
464,863
Other 'Products ......... .. ........• • •.......•..••• 1,386,50S
Total ........ .... ..... .... .............. . ....• $22,744,572
1909.
Coal ............••..... ,•.•••.••. . .••.•..••.•..•.. $12,793,628
Clay and clay products .....•.......••.•.•...•.•... 4,916,513
Stone and lime ......................••...••.....
609,922
Gypsum ......................•.............•.•..
655,602
Lead and zinc .. ... '.............................
6,876
Sand-lime brick ..................................
48,21()
Mineral waters ... . ...................•. • .. •. 1. • • •
14,116
Sand and gravel ... . .............................
458,829
Other products .................................•
862,025
Total ..... . .... .. .................. . ... . .. . .. . $20,365,721

The mineral production for 1910 shows a splendid increase in
production over 1909 for every department with the single exception of sand-lime brick. Coal shows the greatest total
increase. The value of "other products," which includes Portland cement, 'Was more than 60 per cent greater for 1910 than
for 1909. Prices continued high for all mineral products, coal
reaching the highest avera gEt price since the organization of
the present survey. The number of producers is still on the
decrease, especially in clay products and stone.
'*The mineral stati'Stics for 1909 were collected by thE! United States Census
Bureau in co-operation with the Federal Geological Survey. The statistics fo'r
191() were compiled by the Iowa Geological Survey through co-operation with
thE! United States Geological Survey.
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Table number I gives the total production by counties:

TABLE I.
Value of Total Mineral Production by Counties for 1910.
rn
....
<l>

<)

Counties

,,-,P

0'0
0

0

Z
Adair ............ .
Adams ............
Allamakee ........
Appanoose ........
Audubon . ........
Benton • • • • • • • • • ! ••
Black Hawk .......
Boone ............
Bremer ...........
Buena Vista ..... .
Calhoun .. .........
Carroll ...........
Cass .. ............
Cedar .............
Cerro Gordo ......
Cherokee .........
Clarke ............
Clay ....... ...... .
Clayton ...........
Clinton ...........
Crawford .........
Dallas ............
Decatur ...........
Delaware ..........
Des Moines .......
Dickinson .........
DubuqUe ..........
Emmet ...........
Fayette ...........
Floyd .............
Franklin ..........
Fremont ..........
Greene .......... '.
Grundy ...........
Guthrie ...........
Hamilton ..........
Hancock ..........
Hardin ...........
Harrison ..........
Henry ............
Howard ...........
Humboldt .........
Ida . .... ..........
Iowa .............

...p.

2
11
3
55
5
8
12
11
4
8
2
1
1
3
12
6
2
2
11
14
2
11
1
5
2
1
23
5
10
5
1
3
6
3
11
1
1

11
-2
5
3
2
3
5

Coal

Stone
and
lime

Clay
and clay
products

......... . ......... ........
34,706 $ 49,558 ........
$
. ......... · ........ $ 1,915
2,813,578 .........
0

•••••••

. ......... ......... ... .....
6,235
24,168
. .........
. ......... · ........ ........
72,250 ..... ...
550,178
.......... ......... ........
34,250 ........
..........
. ......... ......... ........
. ......... ......... ........
.......... ..... .... ........
. ......... ......... ........
41,279
. ......... 1,040,034
.......... ......... . .......
. ......... ......... ........
. .... .. ... ......... ........
1,879
8,801
. .........
880
21,840
. .........
. ......... ....... .. ........
218,027 . .......
447,817
. ......... ..... .. .. . .......
238
.......... . ........
. .......... ......... ........
.......... . ........ ..... ...
44,324
42,000
. .........
. ......... ......... ........
5,579
. ......... · ........
3,745
. ......... .........
. ......... ......... ........
4,600 . .......
. .........
26,175 . ........ ........
. ......... ......... . .......
53,665

. .........
. .........
. .........
..........
. .........
. .........
. .........
. .........
. .........

Total
value

Other
products

......... . .........
......... $ 84,264
1,915
. ........
2,813,578
.........
$

250

..

........

. ........

48,475
6,215
4,081

. ........
.........
. ........
. ........
. ........

250
30,403
48,475
622,428
6,215
38,331

....... ...

..........
..........
..........

12,278

1,081,313
12,278

42,180
. ........

...... ....

27,807
4,452
5,263

114,131
4,452
10,842
3,745

.........

4,600

......... ......... .
......... . .........
10,680
. ........
64,900

665,844
.........
......... .......... .
238
. ........
......... . .........
. ....... - ..........

. ........
......... . .........

26,175
.........
. ........ ......... .

72,978
19,313 . ....... .........
.......... ........ ......... ..........
· ......... ........ ......... ..........
98,377
44,267 . ........
54,110

......... . ........ .........
38,510 . ....... .........
... ...... ........ .........
... ...... ....... . .........
.......... . ....... ... ......
40,960 . .......
•••

•••••

0

. ..........

38,510

..........
. .........
..........

40,960
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TABLE I-CONTTNUED

...rn

<l)

0

~.g

Counties

...

Coal

0

<:5 Po

Stone
and
lime

Clay
and clay
products

Total
value

Other
products

Z
Jackson . ..........
Jasper ............
Jefferson ..........
Johnson ..........
Jones .............
Keokuk ...........
Kossuth .. ' .........
~e

...............

Linn . .............
Louisa ............
Lucas ............
Lyon · ............
Madison . .........
Mahaska ..........
Marion ..... ......
Marshall ..........
Mills ..............
Mitchell ... .......
Monona ...........
Monroe ...........
Montgomery ......
Muscatine ........
O'Brien ...........
Osceola ...........
Page · ............
Palo Alto .........
Plymouth .. .. .....
Pocahontas .......
Polk .... , .........
Pottawattamie ....
Poweshiek ........
Sac .. ...... ,. ......
Scott · ....... . ....
Shelby ............
Sioux ........ . ....
Story .............
Tama .. ' . .. ..... ..
Taylor ... ... ......
Union ............
Van Buren ... ... . .
Wa;pello ......... "
Warren ... .. .. .. ..
Washington ... ....
Wayne ...........
W'e bster
Winnebago ... . ... ,
Winneshiek
Woodbury ........
Worth . ...... - .. ..
Wright ....... ... .
,

,

0

•••••

••

0

,

.

••••

3
15
6
12
13
18
1
17
15
6
2
3
7
39
23
10
3
3
10
1
9
3
1
4
4
8
1
52
3
4
3
12
1
7
9
7
6
1
8
22
4
7
5
32
2
4
6
1
4

.......... .........

~

..........

. ........ ... ..... ..
765,239
54,779
.........
66,318
19,018
63,741
. ........
95,247
.........
. ........ ..........

........
........
..........
........
..........
63,741
.......... .........
69,804 ........
25,44f1
......... . ......... . .......
48,284
4,510
....... ...
25,516
16,116
...........

.........

7,398
23,081

60,192
64,713
605

3,961

46,416

1,239,670
397,161
33,364
6,645
990

25,107
54,779
47,300

740,132

..........
..........
. .........
..........

605 .........
.........
. . ....... · ....... ......... . .........
8,337
8,337
......... ........
48,559
48,559 .. .... ...
. ........
57,885
48,169
33,364
6,645

1,131,408
348,992

. .........
. .........

........ .........
........ . ........

........ .........
990 · ........
.......... . ... ..... . ....... . ........ ..........
.......... · ........
3,506,140

..........
..........
..........
..........
..... .....
..........

..........
..... .....

3,140,598

. .........

......... . .......
....... .. . .......
17,039 . .......
. ........ ....... .
......... . .......
33,100 . .......
. ........ ..... ...
......... . .......
. ........ · .......
678,60>8 . . ......
24,211 . .......
52,225 · ...... .
..... .... ........

3,506,140
. .. . .....
. ........ · .........
17,039
. ........
4,(}20

· ........
.. ........

6,228
29,832

. ...... ..
383,001

... ......
........ .
· ...... . .
.. .... ....
....... ' .

· .........
. .........
28,148
1.34,061
· . ...... ..
· .. .. .. ... . ........ . .......
... ....... · ........ . .......
47,275 · . .... ..
. .... .....
64,185 .., .....
· .... . . ...
24,233 . ........ ....... .
. ......... · ........ ....... .
23,960
10,130 . . .. ....
498,210
102,546 · .......
. ......... · ........ .. ..... .

....... ..

981,389 · .......

950,819

9,421
8,700

, .. .. ....
... ......

. , .......
•

•••

•

•••

0

... . .. ...
. .........
47,900 . .. ... .. ....... . .
280,100 . ..... ... · . .. .... ........ .
111,720

4,020
· .........
33,190
6,228
29,832
. ........ .
4,202,207
24,211
52,225
... ... ....
162,209
.. , .......
9,421
55,975
64,185
24,:133
..... . .. ..
34,090
600,756
. . ... .....
47,900
280,100
2,043,928

· ......... ... .... .. · .. . .... .. ...... . · . ..... ' "
.0 ........
..... . " · ...... .. ..... - ....
••

0

••••••

369,010
. .........
369,010 " 0 • • • • • ....... . .
. ......... . . .. ..... ....... . ... .... .. ... ...... .
. ... .. . ... ... .. .. " ........ · ......... ... .. .....
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TABLE I-CONTINUED

....rn

Q)

0

..... P

Counties

O'Cl
0

.....

Coal

~p.

Clay
and clay
products

Stone
and
lime

Other
products

Total
value
"

Counties with lesR
than three pro ·
, ducers
••••• '0'

...

146,858

~

Total

• • • • • • . 0.

728 $13,903,913

847,170

-$5,335,036

163,773

1,218,520

2,376,321

$ 639,831 $2,865,792 $22,744,572

Co al
Twelve counties produced more than 50,000 tons each during
1909. Of these, eight show an increase and feur a decrease
for 1910. Appanoose and Monroe made the greatest gains, while
Mahaska suffered the greatest loss. The total production for
the year increased over 2 per cent and the total value increased
8 per cent over 1909. Th~ average price per ton was $1.75 as
compared with $1.65 and $1.63 for 1909 and 1908 respectively.
The production for 1909, in turn, shows a substantial jncrease
both in quantity and price over that of 1908.
The table. below gives the tonnage, value, average price per
ton, average number of days worked and average number of
men employed during the past ten years, according to the United
States Geological Survey:

Total tons

Year

Value

Average
price

Average
number of
days
worked

Average
number of
men
employed

218
227
226
213
209
224
230
214

12,653
12,434
14,162
15,629
15,113
15,260
15,585
16,021
17,286
16,666

1901 ' 0 ' • • • • •
1902 ........
1903 • • • • • ' 0 .
"1904 ...... . .
1905 ... .. . ..
1906 I. .......
1907 ..... ...
1908 ........
1909
1910
• 0' • • • • •

.......

~

5,617,499 $ 7,822,805
8,660,287
5,904,766
6,419,811 10,563,910
6,519,933 10,504,406
6,798,609 10,586,381
7,266,224 11,619,455
7,574,322 12,258,012
7,161,310 11,706,402
7,757,762 12,793,628
7,928,120 13,903,913

$ 1.39
1.47
1.65
1.61
1.56
1.60
1.62
1.63
1.65
1.75

...

218

COAL

7

The strike in the illinois coal field greatly stimulated coal
production in Iowa and is largely responsible for the increase
both in production and price.
The output, disposition of product, value, average price per
ton, average number of days worked and average number of
men employed during 1909 and 1910 are given, tabulated by
counties, in Table II:

00

TABLE II.
COAL PRODUCTION FOR IOWA IN 1909 AND 1910, BY COUNTIES, IN SHORT TONS.
~
......

1910.
---

Loa ded a t
mine for
shipment

Counties

100
Adams •. . . ..... .•... .
Appanoose . . .... .. . . .
1,344,843
Boone . . . .... . .... . . • .
237,479
Dallas . . .... . .... .. ...
246,255
600
Gr eene . .. . .. ... .. . . . .
Guthrie . .. . .. . . . . . .. . . . . ...... . . .
334,966
Jasper . ... . ... . . .. . ..
800
K eok uk . . . .... .... . ..
787,714
Mahaska . . . . .. . .. . ...
190,520
Marion •. . . ..... . .....
2,079,205
Monroe ... .. . .. .. . . . .
1,536,133
Polk .. . ..... .. .. .. ...
6,622
Taylor
6,000
Van Buren . . ....... . .
234,963
W apello ... ... . . .... . .
125,926
Wayne . . .. . ' " . . . . . ..
39,913
W ebs ter . . ... . .. . ... •.
Other countie-sa and
sma ll minesb . • • •• ••
••

••••

•

•

0

•

••

•

•

•

•

Total

--_.

. . .... .. . .. .

••

•••

0

•••••

7,169,039

Sold to local
trade and
used by
employees
12,616
64,497
27,198
6,610
9,300
17,324
14,087
11,841
36,366
21,766
48,567
193,406
4,092
5,152
44,298
9,453
8,707

Used at
mine for
steam and
heat
30
14,656
11,205
4,320
260

Total
quantity

10
600
24,120
2,995
56,258
48,726
35
132
4,239
60
1,353

12,746
1,413,896
275,882
266,086
10,150
17,324
349,063
13,141
848,199
216,281
2,184,030
1,778,264
9,749
10,284
283,600
135,439
49,973

64,693

1,422

66,116

588,871

170,210

7,928,120

. .. . .... .. ..

Total value

$

34,706
2,813,678
550,178
447,817
26,175
53,665
740,132
25,443
1,131,408
348,992
3,606,140
3,140,698
24,233
23,960
498,210
280,100
111,720

Average Average Average
price per number number
days
of emton
a ctive
ployees

$

146,858

$

13,903,913

$

2.72
1.99
1.99
1.76
2.68
3.10
2.12
1.94
1.33
1.62
1.61
1.77
2.49
2.33
1.76
2.07
2.24

176
200
222
210
183
186
228
219
229
198
238
217
164
216
236
230
169

2.22

193

1.76

218

42
4,678
762
630
47
27
718
30
1,683
699
3,401
3,022
47
21
699
402
183
76

----

16,666

Z
trJ
:0

>
~
'"d

:0

g
g

S
z
......

Z

S

~
d
:0
.....

'"

o

'f
:5

1909.
I

650
Adams ..............•
1,154,143
Appanoose ...........
234,489
Beone ................
750
Greene ...............
Guthrie ........ ...... ............
299,801
J,a sper ..... ..... .... .
1,200 ..
Keokuk ..............
857,684
Mahaska ............ .
267,251
Marion .. ..... ... .....
1,918,938
Monroe
Page ...... . •. . ... ... .
1,505,808
Polk .................
6,126
Taylor .. . ........ ....
10,100
Van Buren ...........
176,943
Wapello .. ... . ....... .
280
Warren ..............
114,012
Wayne ...............
54,068
Webster ..............
Other counties.c and
234,528
small mines ........
••

,

•••••••

0.0.

••

••

0

•••

0

.0.

12,297
247
55,030
26,836
31,767
9,455
8,950 .... ........
6,720
10
12,337
1(),954
12,786
444
48,660
19,094
51,472
10,630
56,681
49,940
15,923
211
210,539
71,782
7,351
59
5,699
156
80,164
4,413
15,921
11,717
2,275
11,462
1,054
••••••••••

0

•

13,194
1,236,009
275,711
9,700
6,730
323,092
14,430
925,438
329,353
2,025,559
16,134
1,788,129
13,536
15,965
261,520
16,201
12K,UQ4
66,684

52,939

5,016

292,483

708,415

212,576

7,757,762

$

6,836,771

2.50 · .......
1.85 '" ..... ... ... ..
1.90 ........ ........
2.52 . ....... .........
2.79 . . .. . . , . ..... ...
1.64 . .... , . , ... . ....
1.97 ........ ....... .
1.53 · .. . .... ..... - ..
1.39 ........ ...... ..
1.46 . ....... .. , .....
3.00 . ....... ... .....
1.71
... .....
2.39 · ....... ....... .
2.09 · ..... . .
1.57
2.62 . ....... ... .. - ..
1.94 · ..... .. ....... .
1.96 · ....... ..... ...

$

$

12,793,628

0

••••

'0'

0

••

•••

"0 •••••

.

516,631

i

Total ............

33,040
2,283,604
523,272
24,450
18,785
529,868
28,429
1,416,250
458,733
2,949,413
48,408
3,065,139
32,351
33,316
411,310
42,527
248,790
130,312

$

0

••••

0

•

••

0

••

•••••

1.76

. ...... . . .... .. .

1.65

.... ....

-

o
o
:»
t'I

17,286

aJefferson, Lucas, Page, Scott and Warren.
bOf this, 34,410 tons, valued at $71,124, are from local banks.
cDallas, J efferson, Lucas and Scott.
•

. ..

.

'

•

• • ~ . . .... -

# -

-

-

•.•

<0
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Iowa's rank as a coal 'producer in 1910 is given in the table
which follows. The state holds ninth place as a producer and
ninth place in the spot cash value of the product, on the authority of the United States Geological Survey:
THE LEADING COAL PRODUCING STATES FOR 1910.

Total tons

State

~

~

~

1
2
3
4
5
6
7
8
9
10

Pennsylvania .....
West Virginia .....
Illinois ...... ' ....
Ohio
Indiana ..........
Alabama .........
Kentucky
Colorado ' 0 ' • • • • • •
Iowa .............
Wyoming ...... . .
Total for United
States
••••••

0

•••

•••

••••

0

·

•

15.0,521,526 $153,()29,510 $
61,671,019
56,665,061
45,900,246
52,405,897
34,209,668
35,932,288
18,389,815
20,813,659
16,111,462
20,236,853
14,623,319
14,405,887
11,973,736
17,026,934
7,928,120
13,903,913
7,533,088
11,7Q6,187

•••

0

Average
Average Average number
number of men
price
Total value
emper ton of days
active
ployed

-501,596,378
--- --$629,557,021

•••

$

1.02
.92
1.14
1.05
1.13
1.26
.99 .
1.42
1.75
1.55

238
228
160
203
229
249
221
236
218
248

175,043
68,663
72,645
46,641
21,878
22,230
20,316
15,864
16,666
7,771

1.25

220

725,030

The outlook in Iowa for 1911 is for a falling off both in production and price.
Clay and Clay Products

The production and sale of clay and clay products for 1910
shows an increase of about 10 per cent over the preceding year
and the state still ranks an easy first in the manufacture of
drain tile. The output of clay products was distributed as
follows:
•
1909

Article

Quantity
in
thousands

Common brick
Paving brick and block ........
Front brick
Drain tile ................ .....
Sewer pipe .... ....... .. ... ...
Fire proofing .... . .... . ...... .
Pottery . . . ... . . ..... . . .. .. . ...
Other products . ..... .. ........
Clay
••••••••

••••••

•

••••••••••

Total

0.0

••••

0

•••••••

••••••

•

••••••••

•••

0

••

........ . ...........

1910

Quantity
in
thousands

Value

Value

153,065 $ 1,072,340
148,903 $ 1,088,266
18,110
223,273
18,586
198,780
12,015
138,218
8,969
109,911
2,830,910 .. . . .. .. ..
3,457,455
..... .....
282,637
313,430
......... .
94,366
. .........
304,398 " 0 • • • • • • •
51,990 • • • • • • • • 1 •
17,535
......... .
19,423 ..........
25,647
"0 •••••••
. .........
17,817 ..........
5,153

. .........

"

.

0

•••••••

$ 4,916,513 .......... $ 5,335,036

. OLA Y AND CLAY PRODUCTS
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The clay product is tabulated by counties in Table III
which the distribution of the 'leading products IS gIven:

III

TABLE III.
VALUE OF IOWA CLAY AND CLAY PRODVCTS FOR 1909 AND 1910,
TABULATED BY COUNTIES.
,
1910.

Common
brick

Counties

Adair . . ... .
Adams .. . . .
Appanoose ..
Audubon ...
Benton
Boone .. . .. .
Buena Vista.
Calhoun . .. .
Carroll .. .. .
Cass .. . .. . .
Cedar .... ..
Cerro Gordo.
Clarke ..... .
Clay ...... .
Clayton . . . .
Clinton . .. .
Crawford .. .
Dallas . . . . . .
Decatur ... .
Delaware ..
Des Moines ..
Dubuque .. .
Fayette .... .
Franklin .. .
Fremont ... .
Greene •....
Grundy . . .. .
Guthrie ... .
Hamilton .. .
Hancock ... .
Harrison .. ,
Hardin .... .
Henry ..... .
Howard ... .
Humboldt ..
Ida ........ .
Iowa ...... .
Jackson ... .
Jasper ..... .
Jefferson . . .

1 . ... ... ..
3,950
3 $

2
2
5
3
3

Paving
brick
or block

Face
brick

........ $

Drain
tile

Other
products

Total
value

25,100 $ 20,508 $

49,558

3,080
45,124
1,000

21,088
27,126
33,250

24,168
72,250
34,250

59,068

974,616

8,801
17,640

4,200

8,801
21,840

9,310.1

207,68(i

218,027

2

1
1
1
7

6,350

1,040,034

1
2

3
3
2
7
1
1
1
3
1
1
3

42,000

42,000

4,600

4,600

2

2
3
1
1
2
3
4
1
1
1

5
2
6

3

1,278

17,(}70

965
19,313
........ , ..... . .. .

2,703
2,680

51,377
35,830

54,080
38,510

4,860

36,100

40,960.

9,975
3,457

15,092
51,322

40

25,107
54,779

.
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TABLE

Common
brick

Counties

Johnson ... .
Jones ..... .
Keokuk ... .
Kossuth ... .
Lee .. ..... .
Linn ...... .
Louisa ..... .
Lucas .... . .
Madison ... .
Mahaska .. .
Marion .. .. .
Marshall ... .
Mills ...... .
Montgomery
Muscatine ..
Page ...... .
Palo Alto ... .
Plymouth .. .
Pocahontas
Polk ....... .
Pottawat·
tamie .....
Poweshiek . .
Sac ........ .
Scott . . .. .. .
Shelby . ... .
Story ...... .
Tama . . ... .
Taylor ... .. .
Union .. .. . .
Van Buren ..
Wapello ... .
Warren .... .
Washington
Webster .. ..
Winnebago
Winneshiek
Woodbury ..
Worth ..... .
Wright . . .. .
Pottery .... .
Clay sold ... .
Counties with
less
than
three pro·
ducers ....

III-CONTINUED

Paving
brick
or block

22,100
5
2 •••••••..
4,523
11
1
3,410
3
9,090
5

Face
brick

Drain
tile

Other
products

Total
value

25,200

47,300

65,281

69,804

900

200
7,026

4,510
16,116

16,000

22,500
23,440
17,700

57,885
48,169
33,364
6,645

810
4,850

10,894
33,100

2

1

2
3
3
7

3
1
5
3
1
1
1
13

15,O{)0
24,729
15,664
6,645
10,084
28,250

118,097

206,095

14,530

24,011
3
2,725
4
1 ........ .
3

4,943

848

216,325

123,561

678,608

200
48,250

1,250

24,211
52,225

7,250

15,107

28,148

43,640
27,145

150

47,275
64,185

1

3
6
1
1
3

3
2
7

11
1
1
4

260
13,130

3,225
23,910

8,130
45,274

5,365

10,130
93,101

5,000

40,148
668,445

1,150
246,035

47,9.00
976,266

45,276

4,293

2,000
42,462
6,602
56,786
303,111

16,330

369,010

1
2
5

17,535
5,153

4

141,36lJ

10:,430

681,49;:

11,934

845,225

Total ... 237 $1,088,266 $ 223,273 $ 109,911 $3,457,455 $ 433,443 $5,335,036
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CLAY AND CLAY PRODUCTS
TABLE III-CONTINUED
1909 •
..... 00

0"-

Counties

Adair ......
Adams ...•.
Appanoose ..
Audubon .. .
Benton .... .
Boone ..... .
Buena Vista.
Butler ..... .
Calhoun ... .
Carroll •....
Cass .... . . .
Cedar ..•.•.
Cerro Gordo.
Clarke .... .
Clay ....... .
Clayton ... .
Clinton .... .
Crawford .. .
Dallas ..... .
Delaware .. .
Des Moines ..
Dubuque ... .
Emmet ... . .
Fayette ... .
Franklin .. .
Fremont .. .
Greene .... .
Grundy .... .
Guthrie ... .
Hamilton .. .
Hancock ... .
Harrison .. ,
Hardin .... .
Henry ..... .
Howard ... .
Humboldt ..
Ida ~ ...... .
Iowa ...... .
Jackson ... .
Jasper ..... .
Jefferson .. .
Johnson ... .
Jones ..... .
Keokuk .... .
Kossuth ... .
Lee ...... ..
Linn ..... ..
Louisa .. . . .
Lucas .... . .

.0~8~ Common
~8

brick

Z~

..

2
2
3
2

6 $
3
3
1
2

1
3
1
7
1

2
2
2

1
7
2

1
3
]

1

2
3
2
2
2

1

Paving
brick
or block

Face
brick

...

...

*
...•

6,025
24,559

•

...
...

........ $

*

•
•

...

•
...

9,465

•
21,219

........

•

...•
...
...

3
4
1
1
1
5
1
6
4
4
2

11,459

•
........

...
...

37,800

1(1

1

4
6
2
1

.

........

...*
...
...

...

.
...

31,003

*

37,555
82,861
40,384

...

16,783

*

944,844

.........

...
...

*

. ..... . .

*

...

37,800

6,821

...

...
...
...
...

...

...

188,327

176,868

...'"
...
...
...
...
...
...

...
...

*...

...
.. ...... $

807,748 $ 115,877

...
...
...

...

...

36,225

6,653

...

'"

3,960

*
*

...
...
...
...
...

Total
value

**

31,530

...

...
...
...
*...
...
...
...
...*

Other
products

*

1
2

Drain
tile

...

...

...

...

...

...

58,604
44,32()

37,563
27,590
65,529
30,350

...

70,746
38,281
15,245

MINERAL PRODUCTION IN IOWA FOR 1909-10
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TABLE III-CONTINUED

..... .,
0""

""~

~c.l

.a.,s
So

Counties

Common
brick

1"""

Z~

Madison ....
Mahaska
Marion .....
Marsha.ll
Mills .......
Montgomery
Muscatine
Page .......
Palo Alto ...•
Plymouth ...
Pocahontas
Polk .......
Pottawattamie ....
Poweshiek
Sac .........
Scott .......
Shelby .....
StClry ..... ..
Tama .... _.•
Taylor .....
Union ......
Van Buren ..
Wapello . ...
Warren ... .
Washington
Wayne . ....
Webster ....
Winnebago
Winneshiek
Woodbury
Worth ......
Wright ... "
Other
counties

2
3
3
7
4
2
6
3
1
1
1

...
...
..

..

..

Total

*

18,200
10,197
13,420
8,830

•

129,875

5
5
1
4
1
3
6
2
2
3
3
3
6
1
11
1
1
4
1
2

46,250

Other
products

Total
Value

**

........ " .......
*
33,438 ........
73,163
*
........ ........
31,450
52,847
*
16,200
........
37,880
•
*
8,830
........ ........ . ........ . .......
........ ........
.........
•
•

133,328

........
........
........
*
25,611 ........
· .......
•

*

..... ...
........

........
*
........
*
........
*
........ . ........
........
*

........
15,230
3(),290
........
. ....... . ........
........ .........
........ . ........
135,666

579,922

........ I

. .......
'" .....
,

46,650
46,472

21,348

34,427

,

*
*

.......

74,870

J

159,705

........
........
........
........ I

*
· ....... ........
*
... ..... . .......
*
52,100 · ... .. ..
*
3,474 · ........ . .......
· ....... ........
*
....... . . " .....
*
53,892 . .......
*
........ . ...... .
*
.......
.
.....
...
*
11,000
42,00<{)
272,546
..... '"
*
*
... ..... ........
*

. . . 218,723
---.. -241 $1,072,340

Drain
tile

20,025

*

3,805
22,700

' Face
brick

........ ........

........
........
........
*
....... .
*
... . ... .. ....... .
14,030
27,975

14

-'

Paving
brick
or block

*

43,712

•
*

•

•••

0

•••

*

I '"

••••••

38,146

....... . . ... .. ...
*
27,500 ........
32,525

. .......
67,220
. ....... . ........
. ........
I
*
. .......
rO,600
., ......
82,085. . ......
62,894
. ....... i 44,515
. .... .... ........ . ........

*
*
*
*
*
59,420
*

405,441

314,362

........
.. .. ..... ..... '"
3,093 . .......
. . ....... . .......
... .....
*

*

1,028,15~!

40,553

$ 198,780 $ 138,218 $2,83(),910 $ 606,458

785,695

. ........
. ........

328,639

....... "
. ...... ' .
728,497

---$4,846,706
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CLAY AND CLAY PRODUCTS
POTTERY.
Stoneware,
yellow or
Red
earthenware Rockingham
ware, and
miscel.

Delaware ' ............. . ....... .
Marshall ..................•...
Muscatine ..................... .
Wape'llo ....................... .

1
1 ........... .
3
1

'"
'"

'-

Total ..................... .

............

*

*

'"

8,175 $

6 $

Total value

43,815 $

51,990

CLAY MINED AND SOLD.
Fire clay ,

I

Brick clay

Short tons

I

Total value

-----------------T--------~

***

•

•

43,428\ $

17,817

Total clay and clay pro(lucts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 $ 4,916,518

·Included in "other counties" and totals.
**Includes: sewer pipe, $282,637; fire-proofing, $304,398; fancy brick, fire
brick and miscellaneous products, $19,423.
***Includes: Black Hawk, Hardin, Palo Alto and Webster counties.

In 1909 and 1910 Iowa ranked eighth in value of clay products. The ten leading producers for 1910, with number of firms
in operation, value and perce'n tage of total products are given
below:

......

0>

TEN LEADING STATES IN VALUE OF CLAY PRODUCTS IN 1910.
'

Number
firms
report.
ing

State

I
I

..

PerValue, not . centage
including
of
raw clay
total
sold*
product

Brick,
including
fire brick

Sewer pipe

Drain tile

Other
products

~
.....

Z

tz:j

Ohio
Pennsylvania
New Jersey .....................
Illinois ..........................
New york ........ ...... .... .....
Indiana ..........................
Missouri ....... . . .. ..... .... .....
Iowa
California
West Virginia ...................
••

0

••

•

0.

0.

0.

"0

••••••••••

•

•••

0

0.0

'0

•

•

.0.0'0

0.0.0.0

•

•

0

•••

.0_

•••

•••••

•••••

•••••••

••••

0

•••

0.0.

0

••

0

0

•••

Total for United States .... ...

683 $
451
167
346
240
249
150
232
107
56

----

31,525,948
22,094,285
17,834,309
15,176,161
11,871,949
8,100,010
7,087,766
5,328,24]
4,842,391
3,998,045

4,915 $ 170,115,974

18.53 $
12.99
10.48
8.92
6.98
4.76
4.17
3.13
2.85
2.35

8,615,027 $
15,069,094
3,826,536
8,966,495
7,874,608
2,729,886
4,532,461
1,430,825
2,640,030
1,105,003

1,869,823 $
11,480
23,147
1,613,698
272,836
2,071,564
121,068
3,337,851
55,386
2,330

••

.

0

0

•

3,289,537 $ tI7,75],561
6,430,293
583,418
H3,!l84,626
538,633
4,057,333
136,576
3,587,929
406,543
2,892,017
1,210,348
1,223,889
313,430
246,135
1,031,061
1,115,914
11 2,890,712

•••

•

0.

0

•••••

0.

0.0.

i;d

>
t"'
'"d
~

0
t:::J

c::

0

~

I-<

0

Z

I-<

100.00 $

93,937,478 $ 10,389,822 $

11,428,696 $ '\154,359,978

Z

I-<

0

*Value of
tIncludes
:j:Includes
II Includes
'\IIncludes

raw clay, $3,625,485.
pottery, $14,294,712.
pottery, $ 8,588,455.
pottery, $ 2,675,558.
pottery, $33,784,678.

~

>
""J
0
i;d

......

""

0
<C
I

.....
0
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The outlook for 1911 is for a diminished output, especially
for drain tile on account of the protracted drouth. The decrease
ought to be tTansien~', or unti~ the ' weather co~ditions return to
the norma1. A few large plants are in process ' of building, notably at Bel1e Plaine, Mason Oity; and What Oheer. Oerro
Gordo was the ranking county in cl~y productio~ during 1910.
All of the plants in the county are located in Mason Oity and
immediate vicinity.
Stone and Lime

The quarry production for 1910 shows a slight increase over
the production for the precedi~g year. The increase in the use
of crushed stone for concrete continues. The output for the
two years is as follows:
1910. .
Value
LimestoneBuilding ................... . ......................... $ 85,1;34
Rubble and riprap .................................... 108,612
Crushed stoneRoadmaking ................... . ......... ....... . . . 57,168
Railway 'ballast .... .. ............................. . 35,434
Concrete .......................... . ..... . ......... . 259,035
Other purpo'ses .............. .... .................... . 10,319
Lime ........ ......... . ...... . .. .. ............. : ...... . 81,775
• Total limestone and lime .......................... $ 638,177
Sandstone ................. .. .. . ................... .. ...
1,654
Total stone and lime ...... ........... . ....... ... .. $ 639,831
1909.
Quantity in

Limestoneshort tons
Value
$ 41,866
Rough building ............................ .
7,765
Dressed building .................... ... .... .
420
Curbing ....... . . . ........... . .. ........ ... .
49,947
Rubble ..... .. . . . . .... .. ................... .
43,094
Riprap .. ............ .......... .. ... ..... . . .
Crushed stone116,246
Roadmaking ................ ... .. ......... 143,009
16,329
Railroad ballast .......................... 24,418
246,054
Concrete ... . ............................. 350,343
Sugar factories ............................ .
675
2,881
Other uses ............. . .................. .
2

Total ....•.••••......••••......•.•.•.•.

$ 525,277
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MINERAL PRODUCTION IN IOWA FOR 1909-10
STONE AND LIME, 1909-CONTINUED

LimeNumber of operators •••.•.•.••...••••••••••
5
Plants producing hydrated lime ......•.•.•...
1
Quantity, short tons ..•...........•.......••. 15,739
Average price per ton ..•..••.......••....•... $
5:22
Value ...•....... ... ....•................•
SandstoneRough building
Dressed building ........................... .
Rubble ...........•..........................
Riprap .................................. ' .'"
Crushed stone:
Roadmaking
Total .....
Total stone and lime .......... . ......... .

$ 82,202

1,357

83i
55

I(}O
100
$

2,443

$ 609,922

The distribution of quarry products by counties is given in
Table IV:

TABLE IV.
PRODUCTION OF LIME AND LIMESTONE IN 1910.
15~

Countie.,

Crushed Stone

$g

Building
stone

S~
p ....

Rubble,
riprap

Roadmaking

Zs:>.

...........

Allamakee
Appanoose
Benton ......... : ..•.•
Black Hawk ........••
Cedar ...... ... .......
Cerro Gordo
Clarke .
Clayton
Clinton
Delaware ..........•..
Des Moines ...........
Dubuque
Fayette
Floyd
Hardin ............••.
Henry ... : .....•..••.•
Howard
Humboldt ........••••
Jackson ............•.
Johnson ............•.
Jone'3
Keokuk
,
Lee
Linn .......... .......•
Louisa

...........

.........
... ...........
..............
..............

.............
..............

................

..............

................
....... ......
..................

...............

Railroad
ballast

Lime

I Concrete

· .........
... ....... .

Other
use!!

..........
.......... ..... .....
..........
..... .....
..........
. .... ...
.........
. .........
......... ..........
......... ..... .. ...
.......... .........
· ......... ..... .....
. ..... ... .
· ......... . .........
· ......... ....... ...
· ......... ..........
. .. ....... ....... ...
· .... .. ... ....... ...
· ......... ..........
· ......... ....... ...
. ... ......
215
.. ... .... . . .........
· ......... ..........

Total
value

•.......• : $
1,340 $
3 $
· .........
125 $
450
1
...
......... · .•• t . .. , .
3
43
98
10
6,034 .... . ..... $
50
$
2
.........
. ...... ... · .........
2 · .. .... ... ..... ..... ... ... . ...
16,755 .
4
13,516 $
4,252
3,137
3,619 ..... .....
1 .......... ..... .....
-,
.
1,344 · ......... ......... .
4
240
· .... ..... ·
3
255
15
610 '" .,
3
73
......... . ·
18
147 ...
'"
1 · ......... ..... .....
.......
·
9
10,847
5,920
12,780
3,867
227
10,683
5
5,579
. .........
.
4
1,345
2,400
.
43,642
4
600 ·
2
20
1 .......... ......... .
·

.......
•

0

••

0

•••••

••••

0

•••••

·

•••

'

0

•••••

.........
.....
. .. .... ...

••••••

0

•••

.. ...... .

I
1

1
1
8
2
9
3
3

..... .....
.. ........
....... ...
... .......
..........
... ........
0

•••••••••

.......... . .........
. ......... ... .. .....
· ......... ... .......
. ......... .... . .....
11,083
~6,890
2,814
. ......... · ......... ... .. .....
4,376
500
500

8,085

..........

5

. .........
. .........
· .........
..... .....
....
...
· .........
....... ...
....... ...
....... ...
..... .....
· .........
· .........
....... ...
$
252
............ .
... .......
•

•

•

•••

0

•••••

•••••

0

•

•

••

••

0

.

0

.

•••••

. .. . . . .

•••

•••••••

0.

12,240
7,375
14,138
100 •..••.••••

o

•••••••••

00

••

0

•••

,.

..... ....
.........
· .........
... ... . ...
· .........
· .........

22,278

· .........

22,765
3,503

..........

0

•

•••••••••

•••

0

•••••

1,915

..........

6,235

..........
. .........

UJ
~

o
Z

t.".l

41,279

>
Z

1,584
880
238

t"'

..........

.. ... .....

tl

1-4

~

t.".l

44,324
5,579
3,745
44,264

..........
.........
. .........
..........
..........
63,317
..........

47,681
25,516
605

....

co

TABLE

t>!'J

Crushed Stone

~Ci)

<Dc..

,D~

Counties

S'1::
r::J ~
;Z;p

Madison .. ............
Mahaska ......
Marshall ...
-Mitchell .. .. ...........
Scott .................
Tama
Van Buren ...........
Wapello ..............
Winneshiek ••••• , . ' 0 '
Counties with less than
three producers .....

.. .... .
..........

•

•••••

•

0

'

•••

••

••

Total ..... ..... .. ..

5
4
J

3
5
1
2
2
1

~

IV- CON'l'INUED

Building
stune

Rubble.:
riprap

Other
uses

Lime
Roadomaking

Railroad
ballast

Concrete

Total
value

~
....

Z

250
206

3,050
2,348

. ......... ......... .
640
33,272

. .........
......... .
......... .
......... .

••••

0

•••••

9,853
25,553 ..........
.......... ......... . ..........
••

0

•••••••

0

•

••

•

••

••

••

••

........ ..
4,550
7,128
56,629
......... . ......... .
· ·0 · 0 . .. ,.
......... .
......... . . .. ....... . ..... , ...
......... . ... .......
. ....... ,.
275
28,438

0

••

••••

••••

••

5,447
103 $

8,553
1,182

85,834 $

0

••••

0

•••

0

•

•••

••

•••

0

••••

•

•••

•

0

•••

,

00,

0

0.0

••

••••••

•••

•

••

0"

••••••

33,814
108,612 $

3,020
57,168 $

4,063
35,434 $

•

0

••

·0

•••

. .........

•

•

••••

0

•••

. .........

0

••••••• • ••

75
3,725

•••••••

..........

0

•••

••••

0.

990
133,742
0"

•••••••

;:",: J

••••

0

•••••

.. ........ . ......... ..........
.......... .......... ..... .....

65,179
~59,035

•

0.0

48,5.5 9
3,9{!1

1,300
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52,240
$

•

•••

0

•••••
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The number of producers shows a marked falling off. A few
large plants were established during the year mainly for the
purpose of producing crushed stone. .The plant at Quarry in
Marshall county was rebuilt and greatly enlarged. A new plant
of large capacity has been built at Gilmore City in Humboldt
county. Here the stone is of excellent quality for crushed stone
purposes, especially for road and concrete work. The outlook
for 1911 is for a small increase in total stone production, but a
large increase in the output of crushed stone.
Sand and Gravel

The sand and gravel industry continues to grow. Accurate
statistics are difficult to obtain and the figures for production
given herewith are below the real production.
The sand and gravel sold during 1909 and 1910 may be classified as follows:
1909
Kind

S~~~t I

1910
Value

-;::-

--- - - Sand used forBuilding ... . .............................. .
Molding . . ... . ............. . . . . . . . ........ . .
Engine ...... . .... .. ....................... .
Furnace ......... . ............. .. . .. ....... .
Other purposes .. . ................. . ....... .
Gravel ........................ . ......... . ..... .

774,101 $ 260,727 $ 302,486
26,463
35,340
9,900
21,895
5,280
7,033
1,480
3,700
9,722
49,794
9,524
654,951 146,280 135,920

Total sand and gravel .................. 1,530,904 $ 458,829 $ 464,863
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Table V shows the distribution of sand and gravel' by counties:
TABLE V.
VALUE OF SAND AND GRAVEL PRODUCED IN IOWA FOR 1910.

...m<ll
<)

p

""'O'Cl0

County

ci

~

Appanoose ....
Audubon ... ..
Black Hawk ..
Bremer
Buena Vista ...
Cedar ..... ...
Cherokee .....
Clayton ......
Clinton ... ...
Dickinson ....
Dubuque .....
Emmet .......
Fayette . .. .. .
Floyd ... .....
Grundy ... . ..
Hardin ..... ..
Howard . .....
Ida ...... ....
Johnson . .....
Jones . .......
Lee ...........
Linn .........
Louisa ... . ...
Lyo!!. ........ .
Maha'Sk~ .. . . ..
Marion ... .. ...
Marshall .....
Muscatine ....
O'Brien ... ...
Osceola .. . ....
Palo Alto .. .. .
Plymou'th . . . .
Polk ... .... ..
Sac ...........
Scott .... . . . , .
Sioux .. .. .....
Story ...... . .
Webster ......
Winnebago ...
Winneshiek ...
Woodbury . ...
Wright
• 0' • • •

~

Molding Building
sand
sand

Engine
sand

Other
sand

So
1
3
S
4
5
2
6
1
7
1
5
5
4
1
1
2
1
2
6
2
3
6
1
3
4
1
2
1
3
1
3
7
14
2
2
7
6
4
1
2
2
2

Total

Gravel

· ....... · ... . ... ... .. ... . . ...... · ....... . .......

.. ... ... $
150
20,935 $
$ 5,600

••••

... ..... · .......

........ .

........
........
..... ..
....... .
....... .
,

1,079
••••

0

•••

7

. ...... .
.. ..... .
..... ...
... .. ...

... .....
· .......

••

0

•

•

1,000 $

••••

0

•••

0

0

•

•

0

•••

3,915
•••••••

....... . ...... ..
· .. .... . ........
6,189 . ....... ........
... . .. .. '" . ... . ........
4,438
1,000 ........
....... .
....... .
7,181
720 .... ....
2,647 · .. . .... . .......
23
4,893 . .......
... . .... '" ..... ........
... . ... . . ... .. . . · .......
... . .... . ...... . .. .... ..
.. ..... .. .. ....... . .......
....... . · ....... · .......
16,;;48 . .... ...
312
... . . . .. . .... . . . . · ...... .
3,675

••

••

0

•••

100 $
250
6,525
37,975
6,216
6,215
4,081
406
· ....... ........
6,089
12,278

$

........
,

•••

~

•

•

0

•

•••

'"

21,499

6,699
1,805
340

15,679
4,452
5,263

....... ........

... .....
....... .
.... . ...
........
· . ..... .

2,158
........
..... ...
6,985
413 · ....... ... .. ...
· .... ...
20,476
2,250 . .......
267
· .......
........ .... . ... .... .... . ....... . , ......
6,100 · ....... . .......
2,237
· .......
925
45,341
150 . . ...... .........
. ....... · ..... ..
· ....... ..... . ,.
. ... ....
. ..... · ....... · .......
........ . ....... ... .... .
..... ...
........
1,500 · ... .. .. · .......
2,520
r
......
. . . ... ..
.. .. ......
5,000 · . .. ..... . ... ....
1,228
.. . ......
29,682
150 . .......
1,184
51,673
900 . .... '"
18,93!l
. .. . .. .. ... ..... .. . ..... · .......
. ....... ....... . . .. ..... . , .. .. .. ....... .
........
9,421 ... ..... .. . ..... . .......
100
4,525 · . ......
25
4,050
. .. .. ...
5,675 ... ... .. · ... .... .. ... . ...
. .. .... . .. .. .... .. . .. ... · .. ..... · ...... .
..... ... · . .. . ... ... .. ... . ..... .. ..... . ,.
. ..... .. ..... ... .... .. .. .. ... .. . • • .s. •••••
........ ... . .. ..
..... ...
•

.0

16,0.61

..

~

••

0

••••

•

........

. .......
. .......
. .... .. .
. .......
19,018

. .......

7,398
22,99~

. ........

8,337
46,416

. .......

. .......

. .......

4,020
. ... .. ,.
6,228
29,832
72,696

.....
. .......

'"

9,421
8,700
5,575

. .......
. . ......
. . . .....
. . ..... .
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GYPSUM
TABLE V- CONTINUED
,

00
....
Q)
Q

County

Building Engine
.....0'0'" Molding
sand
sand
sand
0

8

zP<

Other
sand

R. R. Producers . ... ........ ........ ........ ........
(Counties not
given)
Counqes having, '
less than 3
producers

Total

Gravel

32,501

32,501

,
1,005

145 $

49,552

9,900 $ 302,486 $

600
7,033 $

5,099

27,780

84,036

9,524 $135,920 $ 464,863

Gypsum

The production of gypsum for 1910 was the greatest in the
history of the industry in the state. The number of producers
has not increased, but the plants in the field were unusually
active. The principal items, of production and distribution are
as follows:
Short
tons
Crude gypsum mined ............•......•...........•.....
Distributed as followsSold crude:
To Portland cement mills •.•....•.................•..
As land plaster ........... .... ........ '.............. .
Other purposes ........•...............•.............
Total ....................•.•.....................
Sold calcined:
As hard wall plaster .. . . ........................ .. . .
As plaster of Paris, etc ..........••....................
Other pur,poses .................•.••....•....•........

322,713

Value
1

........

16,173 $ 21,224
6,159
8,312
14,359
17,459

- 36,691
--

$ 46,995

202,131 $ 816,989
27,211
75,860
1,590
4,005

Total ........................................... .

230,932 $ 896,854

Total sold .................................. .

267,623 $ 943,84~

----------~--~--~--~
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The production during 1909 is shown ' by the following table.
N:umber of mills reporting, six:

\

I Value

Short
tons

-----------------------------------------~----~-----

Crude gypsum mined ................................... .
Sold crudeAs land plaster ... .... .............................. .
To Portland ceineon t· mills and for other purposes .... , .. .
Sold as calcined plaster ............... ...... . .......... .
Total value ............................. .. ..... .

319,577
9,676
8,452
188,389

$ 14,633
11,466
629,503

---

- --"-.

~

655.602

During the year a new gypsum field was discovered in Appanoose county. The Scandinavian Coal Company, while prospecting for coal, drilled a hole which entirely penetrated the Coal
Measures and reached a seam of pure gypsum at 537 fe et below
the surface. The drill core displayed five feet of gypsum and
about the same thickness of anhydrite above it. Both gypsum
and anhydrite are essentially free from impurities. Two additional holes have been put down in order to determine the extent of the field. Hole number two, located 1,000 feet southwest of the original hole, penetrated gypseous material, but
failed to show a solid ledge of gypsum. Hole number three,
located 1,000 feet northwest of hole number one, penetrated
eighteen feet of first class crystalline gypsum. The driller's log
of the first hole is given herewith. The hole is located about
sixty feet southwest of the shaft of the Scandinavian Coal Company. Two samples of the gypsum and three samples of the
anhydrite were analyzed and the results are given herewith:
Anhydrite

Gypsum
No.1
Sulfur trioxide, S03'" .......
Lime, CaO ..................
Loss on ignition
••

0

••••

•

•••

0

'

0

4 6.56
33.37
20.0,3

I

No.2

No.1

No. 2

I

No.3

45.65
32.76
20.75

54.12
40.20
6.62

55.29
40.67
4.66

54.45
39.58
5.13

99.16

100.94

100.62

98.16

~-

Total

...................

99.9G
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DRILLER'S LOG.
Scandinavian Coal Company, Centerville, Iowa.
DESCRIPTICN

THICKNESS OF STRATA
FT.
IN.

Filled ground ...................... .. ........... .
Yellow clay ..................................... .
Limestone ...................................... .
Limestone with shale ........................... .
Soft blue shale (banded) ...................•.... ·..
Soft blue shale ................................. :
Limestone .......... ... ......................... .
Sandy shale .................................... .
Old workings ......................... . ......... .
Fire clay .................................. .... . .
Limestone ....................................... .
Soft clay shale ... . ............................. .
Dark shale ... .... ...... . ....... . ....... . ....... .
Gray shale .................. . ................... .
Fossiliferous shale .............................. .
Black shale ..................................... .
Gray shale, very soft ......... ..... .............. .
Gray shale ... . ...... ... .. ... ..... .. ........ .... .
Black shale ... .. ... ... .. .... . .. ................. .
Soft clay shale .................................. .
Shaly sandstone ................................ .
Sandstone ...................................... .
Black shale ....... ... ........................... .
Coal ............................................ .
Gray shale ................. ..... ........ ....... .
Black shale .................................... .
Coal . . .......................................... .
Limestone ...................................... .
Soft clay shale ............. ..... ............... .
Clay shale ...................................... .
Limestone ...................................... .
Black shale ...... .................. . . . ......... .
Limestone ............................ ... ....... .
Black shale ........................ .. .. . ........ .
Coal .......... .. .............. . ............. ... . .
Fire clay ....................................... .
Clay shale ...................................... .
Soft blue shale ................................. .
Soft clay shale, gray .... . .. . . . ................. .
Blue shale ...................................... .
Black shale ..................................... .
Soft clay shale, gray ............................. .
Blue shale ...................................... .
Blue shale with red shale bands ..... .... .. ... .. . .
Blue shale .. ...... . .. . .. .... ... ...... ........... .
Black shale· ......... .... .... . ................... .
Coal ................ ........... ................. .
Black shale ....... ...... . .... ... ..... .... .. .. ... .
Gray shale .......................................
Black shale .. ...... .. .... .. ...... .. .............
Clay shale ................. . ......... . ...........
Gray shale ........ . .... . ........................
Sandy shale .................... .. ...............
Sandstone ...... . ............. ... ..... .. .........

DBPTH
FT.
IN.

3

a

28
1
8
10
14
3
21
4

31
32
40
5()
64

67
88
92

94

2

1
1

6
6

9
7
1
3

2
13·
2
15
38

6

6

1

2
8
1
1
7

2
2

191
199

8

200
201

10

10
10

10

215

8

1

2
3

232

3
1

3
4
1

2

2

229
6

233

6

237
238
239
242
243
247

4
8
6

8
6
8
8

6
4
8
13
4
2

2
4
6

10

1

6

202

216
225
226
227

1
3

6

210
210
212

6
6

2

2
4
9

95

97
106
113
114
117
119
132
134
150
188
189
191

6
6

251

253

6

4

6
2
8
4

254
260
264
272
285
289
292

6
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DE SCRIPTION

THICKNESS OF STRATA
FT.
IN.

Black shale .....................................•
Blue shale ....................•... .... ...........
Gray shale ................................... . . .
Sand shale ... . ....................•..........•...
Red and blue shale •.............................
Blue shale .......... • ........... . . . ..............
Black shale ..................................... .
Gray shale . . ......•. ..... ........ '.............. .
Black shale ....................•.................
Coal ................................ : ........... .
Black shale .............. . .......... . ........... .
Sandy shale ......................... . .... . .... . .
Coal .......... .. .. . ............................. .
Sandy shale .................................... .
Sandstone ........ • .•.•. ... ......................
Gray shale ....................•...... . .... . .....
Black shale ..................................... .
Gray shale .... . ..... . ..... . .. ..... ............. . .
Dark shale ............... ,...................... .
Gray shale ............. . ......... . . ... ......... .
Black shale ......... . ..................... ... ... .
Sandstone ...... . .............•............ . .... .
Sandy shale .................................... .
Black shale ... ..... . . . ... . .. .• ......... .. .. .... .
Gray shale . ...... ...... .. ...... .. ............ .. .
Black shale ... .. .. ........ ... ......... .... . ... .. .
Coal (A) ....................... '............ .... .
Gray shale .............................•.........
Blue shale ... .. .. . ............ ......... ........ .
Coal (B) ...................... . ................ .
Blue shale ........... . ....... . ...................
Clay shale .......................................
Gray shale .... .. ..... . ............... .. .... .... . .
R ed and 'gray shale ...... .... ........ ... .........
Gray shale . ... .. ................................
Clay shale ... . ..................................
Gray shale ... ..... ............. ... ... ... .... . . ..
Shaly limestone ... . .... ........ .. .. ............. .
Limestone .................... ... ............. . ..
Lime shale . ... .. .... ...... . ... .... . . ...... .......
Sandstone . ........ . ............... .... ...... ... .
Limestone . .. . .............. .. ....... .. .... ... .. .
Lime shale ........... ... ..... . . .... . ....... .. .. .
Limestone ... '.... '.. . .. ............... .. ... .. .... .
Conglomeration of sand and limestone ............ .
Limestone with spots of shale .... ...... .. .... . .. .
Limestone ...................................... .
Anhydrite, compact .. ..... ....... . ....... ... ... . .
Gypsum, white, crystalline .......... ....... .. ... .
Limestone, dolomitic, buff .. . .. .. ............. ... .
Green shale ..................................... .

2
6

5
2

8
4
6
3
1

6
6

9
2

15

6
3

DEPTH
FT.
IN ,

294
300
305
307
315
320
320
324

6

325

3
5

325
325

11

341
342

2
7

9

1
4
5
3

5
5
9

347
352
355

2
6

9

358

2

6

364
367
381
388
39!)

2

3

393

6

10
8

405
406
407

6
4

411
415

4
4

3

415

9

419

3
2
6
2
1
2
7
6
14
9
8

6
6

6

6

3

421

427
429
430

432
439

445

459
6

, 16

468

6

477
477

6

484
500
506
523
537

6

17
14
5
5
2

6
6

372

5
9
7

12

6

3

542

547

3

549

9

550

3
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Lead and Zinc

The production of lead and zinc in 1910 was largely the result of develDpment work. 'T he two mills in: the district were
idle during the year. The Watter's smelter has not tefm rebuilt and all of the ore is shipped out of the district. The production for the year was .as follows:
.
Metal Content
Tons
LeadConcentrates
ZincConcentrates ........................
••••••••••••••••••

Total

••••

0

••••••

•

•••

•••••••

•

•

0

•••

••••••

•

25
245

$

1,320

20

5,740

96

I Amount
$

. ....... . ....... . ...... . $

1,760
10,368
12,128

Figures for 1909 give a production of lead of 15 tons, valued
at $1,290. Mine reports give :a n estimated output of zinc of 35
tons, none of which, apparently, went to the smelter during the
year. The outlook for an increased production under the existing con~itions is not bright.
Mineral Waters

The production and sale of mineral waters. show a substantial increase for 1910 over the preceding year. Six springs reported a sale of 253,100 gallons, (not including 82,000 gallons
used for soft drinks) valued at $27,175. The value of the water
sold for table purposes was $19,775, and for medicinal purposes
$7,400.
During the year 1909, 184,000 gallons of mineral water were
sold from six springs. The value of the water sold for medicinal
purposes was $3,200 and that sold for table use was valued at
$10,916, making a total amount of $14,116. The average retail
price at the spring was 6 cents per gallon. In addition 81,000
gallons were used for soft drinks.
Sand-Lime Brick

'T he extension of the sand-lime brick industry in Iowa appears to be at a standstill. The output for 1910 shows a marked

,"
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decrease when compared with preceding years. The value of
the output was $31,269 as compared with $48,210 for 1909 and
$42,881 for 1908.
Three plants produced $48,210 -worth of sand-lime brick for
the year 1909. The product · was distributed as follows:

I

Commonbrick ...... ~ ...... ~ ..... : ....-: ... -:-:-:: ..... -:. Front and fancy brick ................ __ ... '. . . . . . . . . . . . . .
Other products . _. _. . . . . . . ... . . . . . . .. .. .. .. .. .. .. .. . . . . .. .
Total

Thou,
sands

I

Value

4,794 -$ 34.025
431
8,430
5,755
$ 48,210

Iron

The Missouri Iron Company continued experimental work
during 1909 and 1910. They have constructed an expensive and
up-to-date plant for the treatment of the ore, but did not ship
ore for other than experimental purposes during the two years . .
Portland Cement

Three up-to-date Portland cement plants are now in operation, two of which were in operation during 1910 and only one
during 1909. Each of the plants when fully installed will have
a capacity of from 4,000 to 5,000 barrels per day. The building
of a fourth plant at Gilmore City is contemplated. Rock crushing machinery is already installed and crushed stone is being
produce"d. The price of Portland cement in 1910 was much
higher than for the preceding year.
The outlook for 1911 is for greatly increased production for
Iowa, but the product will command a lower price.
Peat

The plant at Fertile was idle during most of the year 1910.
The outlook for the peat industry in Iowa is not encouraging.
The bulky character of peat makes shipping unprofitable. The
hope of the industry rests on transforming the peat into gas or
electrical energy at the swamp and its distribution to industrial
centers.

UNDERGROUND WATER RESOURCES
OF IOWA
BY .

w.

H. NORTON AND OTHERS

UNDERGROUND WATER RESOURCES OF IOWA
INTRODUCTION
BY W. H. NORTON.

SCOPE OF THE WORK

The investigation of the u:ttderground water resources of Iowa
wws planned and carried out along three lines. The artesian
waters of the state were studied by W. H. Norton, the waters
of the drift and country ~ock by Howard E. Simpson, O. E.
Meinzer and a number of assistants, and the chemical and industrial qualities of all ground waters by W. S. Hendrixson. Three
reports were therefore submitted for publication. It was later
decided, however, to publish thes,e' in a single volume. In the editorial recasting thus made needful the three reports have been
combined, so that several chapters are now compos,ed of excerpts
taken from the work of two or more writers, but throughout the
volume each writer is responsible for all statements respecting .
his allotted field of inv,e stigation. In each of the county reports
data as to the artesian Wie'l1S1 ·of the district and forecasts of
artesian conditions for towns not now supplied with deep welts
have been inserted from the report of the senior author.
The line -o f demarcation between artesian waters and waters
of the drift and of the country rock-tha.t is, the rock which
outcrops at the surface or immediately underlies the driftthough not everywh!e'r e exact, is fairly definite and was placed
where it would best subserve the uses of the public. The artesian waters of the state, except some of minor importance, rise
from a few r,elated formations of early Paleozoic age. These formations underlie practically the entire state -a nd form a well-
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defined artesian system. The water beds or aquifers of this system are as a rule readily distinguished from thoHe of the country !"lock as w.ell as from those from the drift, but in one or_two of
t.he northeastern counties of the state the artesian aquifers approach the surface and might be· included in the country rock.
In the investigation of the waters of the drift and of the country rock, the county was made the areal unit, and each county in
the state was · visited and studied. The officials of each town
wer·eo asked to contribute the facts as to .the municipal water
supply. From the well driller.,3 were procured data of great
value as to the type of wells in common use, their depths in different localities, the materials they passled through, an:! the
sources from which they drew their waters . .As le~s than a week
could be given, on the average, to each of the 99 counties of the
state, the investigation was necm;~ari]y far more cursory than
could have been wished. Fortunately the Iowa Geological Survey had m ·a rly completed its areal work with the county as the
unit, and thus a large amount of material was at halld relating
to the geologic conditions which control the distribution of
ground water, the topography of the state, and the stl'ucture
1:111d composition of the country rock, and of the Quaternary deposits (ground moraines of succes,sive ice invasions with their
. /)lltwash sands and gravels and interbedded deposits of interglacial epochs). All this material, both publishect and unppbIi shed, was generously placed at the disposal of the writers ~y
the late Dr. Samuel Calvin, director of the Iowa Geological
Survey, and it has been very freely drawn upon in each of the
county reports.

OBJECT OF THE INVESTIGA1ION
The need of the scientific inve.~ tigation of artesian wat'2 TS is
obvious to all. Many of these deep zones of flow lie far below
the surface and bel ow the sources that supply the common wells.
The· local well driller can not be expected to know either the
quantity or the quality of artesian waters Dr the depth at whicb
they can be reached. Town councils in considering municipal
supply often send committees to the nearest towns which have
deep wells to obtain such facts as may throw light upon th2 10c:ll
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problem. Information thus gathered may be useful or it may
be misleading; it is always insufficie~t and inconclusive. There
is needed the iskillful interpretation of data collected from a wide
area, a knowledge of the geologic structure and acquaintance
with the distribution and movements of deep waters. For house
wens in towns, and for common farm wells, the knowledge of local
conditions held by the well drillers of the district is, 'o rdinarily
sufficient. Yet even here a scientific knowledge of general as
well as local conditions often makes it possible to sugge.s t new
and better sources of ground water or new and better methods
of utilizing those now in use.
The object of the investigation, whos.e results ar'8i here pre·
sented, is to furnish to each community so far as possible deductions made from the entire body of facts obtainable, showing
whether artesian water can be found at that loeality, at what
de'pths, it may be reached, through what formations the drill
must pass, what mineral compounds-healthful or harmful-'
the w.ater is likely to contain, how high it will rise, how large .
will be its discharge, and how such a supply will compare in cost,
purity, permanence, and general availability with that from
other sources.

COOPERATION WITH THE UNITED STATES GEOLOG·
ICAL SURVEY
So far as the investigation concerns artesian waters, it has
been carried on jointly by the United States Geological Survey and the Iowa Geological Survey. The ,state Surv,ey began
this investigation at the time of its inception, the work being
under the charge of W. H. Norton. 'T he earlier results are published in its annual I1e'Po,r ts.' Since 1896 the Iowa Survey has
continued to gather data and to furnish to towns, corporations,
and individuals all obtainable information relating to deep wells,
together with forecasts of local :a rtesian conditions. The cooperation between the state and national surveys has resulted in a
more thorough investigation.
In the present report free use is made of all material gathered
under the direction of both Is urveys. It seems desirable to c01'Ann. Rept. Iowa Geol. Survey, vol. 3, 1893, pp. 169-210; vol. 6, 1896, pp. 115-(28
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lect in one report the entire body of data relating to the subject as a basis for the deductions which may be drawn therefrom ..
GEOLOGIC INVESTIGATION OF WELLS
MEANS OF INVESTIGATION.

The distribution and the quality of artesian waters are so
intimately connected with geologic conditiollis that their profitable study must concern itself first with the 'a ttitude, the texture, .a nd the composition of the deep rocks from which the
waters ris,e'. In a genera.l way much may be inferred as to
these features from the character of the fo·r mations where they
outcrop, for here their thickn8lss may be measured and their
various physical characteristics may be obs€·rved. The dip or inclination of any terrane gives some clue to the probable depth
at which it may be found at a given distance from the outcrop.
But in an area so large as Iowa formations th~t dip below the
surface may be expe'Cted ·to thicken or to thin, to pinch out, to
be replaced by other formations which may have no outcrop,
to change their chemical composition or their texture, and to, be
affected by various upwarps and downwarps which may have
no surface expression.
For all these reasons the investigation of the deeper water
beds ml]s,t be based not only on the surface geology 'of the state
but also on all geologic facts obtainable from drill holes as to
the strata through which they have passed as set forth in the
logs of drillers and' the Isamples of the rock cuttings of the drill.
From these data the attempt is made to correlate the strata
penetrated by ,a ny well with known terranes outcropping elsewher,e and found in other wells, to ascertain the geologic formations to which the strata belong, and thus to· construct a geologic
section at the locality of the well to the depth of the boring.
By connecting the sections of different wells .in different parts
of the state, cross s·e'ctiollis may be had which show the .geologic
structure 'of many parts of the area to depths of 2,000 and even
of 3,000 feet, and which indicate the depth to which new wens
in the area must be sunk to reach the de,ep-lying water beds.
Plates V to XVIII Is upply examples of such sections in different
parts of the state.

I
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AVAILABLE DATA.

The data on which a geologic investigation of deep wells must
rest consist of l"1eeords made and samples of drillings collected
when the well was put down. Necessarily they are largely second-hand and are incapable of verification. A report Isuch as
this deals with thousands of statements and observations made
by many individuals, and the write'r can do little except to determine the lithologic character of deep-well drillings, and in drawing inferences from these he must accept the reports of others
as to the thickness and location of the strata which they r'epresent. Fortunately, many o,w ners of deep wells and many oLiter
citizens realize the scientific and practical value or the . facts
which can be obtained when a W 2U ~s, being drilled and at that
time only, and these persons have placed on r'ecord many valuable data ,as to diameters of the bore and casings, fluctuations
of water in the tube, depth, discharge, and head of watiel' horizons, and have obtained both the driller's log and samples of
the drillings. In practically every place where such data have
been gathered, and preserved they have been placed at the service and disposal of the surveys. Unfortunately, of many wells
little or nothing, except the exi's ting head, discharge, and quality
of the water, is known or can ever be known. In many parts
of the state the writer is quite in the dark as to artesian conditions and is unable to make reliable forecasts fo'r towns desiring to 's ink deep wells, not because no deep wells have ever
been drilled within the area, but because when they were put
down no record was made of the essential f.acts.
SAMPLES OF DRILLINGS.
COLLECTION AND STORAGE.

Since the beginning of this investigation a special effort has
been made to obtain full sets of is amples of the drillings of the
de-ep wells of the state, 'a nd it is on these samples that the geologic part of this report is largely based. Where such 'samples
. are taken directly from the slush bucket and labeled at once
with the exact depth from which they were drawn, they form
the most authentic record possible of the strata penetrated.
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When thus taken, at intervals: not exceeding 10 feet. a.nn at every
"change" in the Is,t rata, they afford a lithologic record and section inferior in value ,only to ,a n exposure of the ed~e's of the
strata in an outcrop. Such reliable data have been obtained
from 'a n exceptionally large number of Iowa deep wells.
The value of se't s of cuttings from some wells haS' been im·
paired by the neglect of precautions which should be obvious.
Thus, if the samples .are taken only at every "change" of the
strata, it is left entirely to the judgment of the. workman who
empties the contents of the slush bucket to decide whether or
not there has been any change . . Sev,2Tal hundred feet of limestone, including two or more geologic formations, may be represented by 'a single sample. The depth is not alwayS' ca,refully
taken, and remeasurements of the wen on completion have
shown that the driller's estimates of depth placed on samples
or in the log were incorrect. If, however, the inaccuracy affects
all depth about alike little serious ,enol' is likely to result.
Some samples of driUings seem to have been labeled ~r,om
memory after 'a considerable lapse of time. This. fact affords
an explanation of the' reported occurrence of drift clays 1,000
feet and more below the surface, ~nd perhaps also 10£ the
occurrence of several samples of nonmagnesian limestones of
Platteville fa,cies below the Saint Peter sandstone. Some samples seem, to have been scraped up from the ground instead of
being taken in some clean receptacle immediat'81y from the Is and
pump. The cinders which may be included are ea,s ily disregarded, but the admixture of chippings from higher lev,els is
serious . In one or two extreme cases it seems, pr obable that at
the completion of the well the workmen went over the outwash
from the slush bucket, dug up a sample here and there, and
labeled it according to their recollection. But ev,en'such a record
may be of value if nothing better is available.
The samples collected under the direction of the United States
Survey were sent to Washington in stout canvaS' bags provided
with labels and were there transferred to wide-mouthed glass
hottles with screw aluminum .coveI1S,. In the collection made
earlier for the Iowa State Survey most of the samples. were
taken directly from the slush bucket, put into empty cigar boxes,
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labeled, and shipped to the writer at Mount Vernon, where they
were transferred to wide-mouthed glass bottlesi for permanent
preservation, each sampl,er being thuS! kept separate and accessibJ.e. Some lof the samples presented to the survey had been
mounted in long glass tubes, in which the chippings of any terrane are supposed to occupy a space proportional to the actual
thickness of the terrane. Such a method of mounting haJs, a
c~rt,ain advantage for purposes of exhibition, but its disadvantages are so gre'at that it must be unqualifiedly condemned. The
drillingS! from different strata settle and tend to mix. They can
not be taken from the ·tube for study, and no adequate inspection can be made through the glass. Sooner or later the long
tube is sure to be broken and the record of the geologic section is irretrievably lost.
Drillings should not be ~ashed. When the drill is working
in ,a pure limestone walshing does little harm, . £or it removes
only the :fine flour of the stone, whose quality is fully represented in the larger chippings. · But with some marls and shales
and with clayey sandstones the removal of the finer material
in washing leaves a residue far from repres,e ntative of the rock.
In some sets certain samples had been washed and others not,
thus making error possible in the determinations, exoept where
the treatment to which the cuttings had been subjected wars, indicated on the labels or could be told by inspection.
For all scientific purpos,e's samples should be taken directly
from the sand pump at every 5 or 10 feet, at the end of a cleaning out, and ,a t every change of stratum. They Ishould be placed,
unwashed, in wide-mouthed bottles 'o r glass jars (one to' four
ounoe bottles are large enough) and plainly and accurately labeled in india ink with the names of the town or other location:
and of the owner, the date, and the depth from which each wa::;,
taken.
STUDY OF SAMPLES.
PETROGRAPHIC EXAMINATION.

The drillings were s,t udied petrographically as an aid in ident-.
ifying from wen to well, the Is,t rata from which they came. With:
some samples a simple inspection was sufficient, but, as a rule ..
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this inspection was supplemented by other tests. Under polarized light in the field of the petrographic microscope the minerals making up thel meal or flour of the drillings were generally readily determined and their rela,t ive proportion in the
rock was roughly indicated by their proportion in the microscopic field. Crystalline silica, flint and chalcedony, gypsum and
anhydrite, glauconite, pyrite, and calcite-to mention only common minerals, of the sedimentary rocksL-were thus distinguished. The microscope was used also in determining the texture
'o f such rocks as oolites, fine-grained sandstonesl composed of
angular quartZOls,e particles, sandstones of grains of crystalline
quartz of various degrees of rounding and assortment, and sandstones whose grains have been enlarged by secondarily deposited silica. Limels tones were tested with weak cold hydrochloric
acid, free ,effervescence indicating ·a small percentage or total
absence of magnesium carbonate, and a slow and feeble ,effervescence a high percentage of the same carbonate, unless attributabl,e to siliceous, or other impurities,. Residues after digestion in strong acid determined the argillaceous and siliceous
contents of impure limestones. The relative amount of magnesium carbonate in some lim8lstones was roughly estimated
after a solution in hydrochloric acid had been neutralized with
ammonium carbonate and treated successively with ammonium
oxalate and hydric disodic phosphate. Through the kindness of
Dr. Nicholas Knight, professor of chemistry in Cornell College,
Iowa; the services of several of his advanced students were
placed at the disPQsal of the writer, and a number of quantitative analyses of isamples 'o f terranes of special interest were
made in the chemical laboratory of that college.
'
poSSmILITIES OF ERROR.

Mention should be made of certain possibilities of error in
any dete'r mination of the nature and thickness of the rock by
means of drillings.
The most Iserious of these errors is due to fewness of samples,. Where, as in some deep wells, samples are taken at reg, ular inte'r vals of 100 feet, little indeed can be determined as to
the geological succeslsion. Where samples are taken at irregu-
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1ar or considerable intervals, it may be naturaJly assumed that
each sample represented to the dril1er a stratum of homogeneous rock and that each isample was taken at the change and thus
designates the summit of its own terrane and the base of the
terrane above it. This assumption mayor may not be correct.
Any such sample may possibly be taken midway or at any
other point within a terrane instead of at its top, and the assumed thickness of ~ne terrane may be as much too little as that
of the next terrane is too great. 'This. source of error is avoided
when a sample is labeled not only with its own depth but with
the upper and lower limits of the stratum which it is, supposed
to represent. In the columnar geologic sections. of this r,e port
the uncertainty attaching to the thickness of a terrane from this
cause is indicated by drawing the terrane over the area of
uncertainty as a right triang1e with apex downward. (See Tipton section, PI. X.)
,
Another source of possible error lies in the fact that the contents of the slush bucket may not correctly repres'e nt the rock in
which the drill is working. Along with cuttings from the contiguous rock a~e fragments of other and high~r strata. The vibration of ropes and rods and the lifting and lowering of the drill
and other implements may detach pieces of rock from any higher
stratum. Caving shales 'a nd incoherent sandstones furnish a
large admixture of shale and 's and to the cuttings at the bottom
of the drill h01e'. Thus black coaly shale from the Coal Measures
(Pennsylvanian) may be recognized in otherwise clean limestone
chips of the Missi'ssippian or inferior terranes; the fossiliferous
green shale of the Plattevil1e is seen mingled with cuttings in
the dolomites of the Prairie du Chien stage; and the Saint Peter
and Jordan sandstones. contribute a large arenaceous content to
the cuttings 'o f the dolomites below.
Where strata. of different character alternate at short intervals the mingli:Qg of cuttings makes the determination of the
rocks peculiarly difficult. Drillings from Ordovician and Cambrian strata below the Saint Peter in many places contain a mixture of rolled quartz grains and chips of d010mite, and it may be
a delicate question to decide whether the sand is Wholly for'eign,
having fallen in from water-washed, loose, oVle'flying s'andstones,
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'or whether it is more or less native-that is, whether the sample
represents either a pure dolomite' on the Olliel hand or an arenaceous dolomite or a calciferous sandstone on the other. If it is
decided that some of the sand is native to the Istratum, it still
remains to he< discovered whether the sand is disseminated
through the dolomite or exists in thin interbedded layevs. In
some samples an interbedded sand grain or mold of sand in some
larger chips of dolomite may decide in favor of dissemination.
In Isome drillings material fal1e'll from above may be distinguished by its lithologic nature or by the size or shape of its
fvagments. The dislodged pieces from the sides of the d1;'ill hole
should as a rule be larger than drill cuttingls and of different
shape'. Fragments of easily worn shales fallen fr om overlying
beds soon assume a rounded form. But in many wells, 8)S·, for
exoample, where fragments from above have themselves been
cut into chips- by the drill, these tests are not d ec]sive and the
real nature ,of the bottom rock must be left in some doubt. To
keep distinct the facts ,o bserved in the study of well drillings
from the inferences drawn by the observer, a complete statement
of the composition of the drillings should be given as well as
an opinion as to the character of rock which they represent.
OORRELATION OF ROCK FORMATIONS.

The methods in correlation and the degree of oertainty to be
a.tta.ined must next be considered. If an unbroken series of drillings from the top to the bottom of the well has been obtained,
by what · methods can the different rocks thus represented be
assigned to known formations ~
FOSSILS.

The occurrence of a series of fossils in a given terrane-the
sure means employ,ed by the geologist whenever possible in his
correlatiollls,-is lacking in well records, and samples. The drill
cuts 'a nd crushes the harder rocks to fine meal or powder and
the softer to small chips. It is the rarest of good fortune that
the drill leaves any fossil unbroken into unidentifiabl~ fragments:. 'T he smaller the fossil the greater its chances of escape.
The minute tests of the foraminifer Fusulina are sometimes, ob-
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tained intact in considerable numbers from certain strata in the
Coal Measurels. Rocks fallen from higher strata in the drill
hole give fragments of considerable size, and when these aDe
fossiliferous 'a nd their own horizon can be determined by lithologic identity, they are of the greatest value. Thus the caving
green shale of the Platteville is in pla,ceis highly fossiliferous
and its fragments, along with bits of Ordovician brachiopods
characteristic of the horizon, are often brought up when the drill
is working in the subjacent Is trata. But such fossils will be a
source of the gravest error if it is assumed that they belong to
the same formation as that of the cuttings brought up with them
from the bottom of the well.
LITHOLOGIC SIMILARITY.

The lithologic method ,employed by geologists in the field in
tracing a terrane from point to point ils by no means infallible
when applied in studies of deep wells, but it is used when other
methods -a re lacking. Certain terranes exhibit the same: well-defined lithologic characteristics, over a large part of Iowa and adjacent states. The coaly Ishale of the Pennsylvanian can hardly
be mistaken for the calcareous '(mud rock) shale of the Maquoketa, nor can either be confounded with the glauconiferous
shales -of the Cambrian. The white crystalline encrinital limestone and the cherts and oolite-s and geodiferoUiS beds of the
Mississippian are diagnostic, and the same is true of the arenacous cherty dolomites of the magnesian Prairie du Chien stage.
The presence of anhydrite or gypsum in 0e-r tain beds has been
used to. correlate rocks in widely sep;;t.rated wells.
The magnesian carbonate content of limestones: can be used
as a means of correlation, but must be used with care. Thus, so
far as known, from the Shakopee dolomite down all limestones
throughout the state are thoroughly dolomitized. But above th~
Shakopee the changes: in the magnesian content in the same terrane may be rapid and complete. Thus at Dubuque the Galena is
a dolomite, but at Manchester, forty miles west, a deep-well section findS. it wholly of ordinary limestone. Similarly, some of the
Devonian limestones of east-central Iowa palSs into dolomites in
the northern counties.
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The lithologic nature of a teTrane may be expected to change
over so broadly extended an area as the state of Iowa. One
formation may thin and dis'a ppear and give place to other formations of the same series. Thus the Niagaran dolomite of northeaste'r n Iowa apparently gives place to Silurian sandstones or
sandy limestone in southerustern Iowa; 'a nd gypsiferous beds,
perhaps of Salina age, appear in deep wells at stations as far
separated as Mount Pleasant, Des Moines, Bedford 'a nd Glen·
wood. An entil\6t system may disappear; for example, the Silurian in the extreme northeastern parts of the area occupied by
the Devonian in Iowa.
Lithologic similarity may only exceptionally be used as the 1801e
means of correlation. It is a beli,e f as mistaken as it is prevalent
that a geologist can identify a formation simply by means of the
ph}'1sical characteristics of its rocks. In the study of deep wells
this means should be used only with the greatest care and in
combination with other and betteT methods.
, ORDER OF SUCCESSION.

A third means of correlation is that of order ,of succession.
The terranes of Iowa, for example, do not occur haphazard. They
were laid down in a definite order during the long ages of geologic
time and f'o r the most part on the floors of ancient seas. The oldest is therefore found 'a t the bottom and the most reeent at the
top, the strata having suffered no inversive deformation. The
application of this method of correlation may be illust:r;,ated from
the general columnar Isection of Iowa (PI. II), in which the formations 'a re arranged in the due order of their succession. It is
plain that on the 'a reas of outcrop of the Silurian the first heavy
shale which the drill encounters must be the Maquoketa. In the
Miss~ssippian area a heavy shale found near the surface may be
identified as belonging to the Kinderhook, and the Maquoketa
will be re'ached only after passing through the intervening Devonian ,a nd Silurian limestones. In the Pennsylvanian area anothe'r and still higher body of shales belonging to the country
rock is fiDst penetrated and the Maquoketa becomes the third
heavy shale bed in the descending series.
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DIP OF STRATA.

A fourth aid in interpreting the drillings is the known dip of
the strata. A glanoe at any of the geologic sections of the state,
such as that shown in Plate XI (along the Chicago & North W,estern railway from Clinton west), shows a general westward·downward slope to all terranes: The second body of shale at Belle
Plaine may be recognized 'a s the Maquoketa, not only by lithologic
similarity to the limy shales of that formation over its outcrops
to' the northeast and by its position in the series, but also by the
fact that it occurs at about the depth to which the known westerly
dip of the strata would carry it from its known position at Cedar
Rlapids.
Local exoe'p tions , to prevailing dips, may be expected anywhere. Upwarps and downwarps, sags and swells, thickenings
and thinnin~s: may bring any formation riearer to 'o r farther
from the surface at a given point than would be expected. Thus
at Ames (see PI. XI) an upwarp of. the entire body of strata
br,ings ,each formation higher than the position which would have
been deduced from the general dip. In southeastern Iowa also
the dip of the surface formations ]s found reversed in the deeper
terranes.
DIFFICULTY OF DEMARCA'rloN.

•

In some deep-well sections insuperable difficulties are found
in drawing the boundaries between adjoining t erranes. No attempt has been made to discriminate the limestone of the Kinderhook stage from the limestones of the Osage stage (Burlington
and Keokuk) which rest upon it nor the limestones of the upper
part of the Maquoketa shale from the Silurian limestones which
they underlie. Upper De'v onian shales can not be separated
with any certainty from the shales of the Kinderhook where the
two ,a re in immediate succession. With increasing distance from
the outcrops: of Devonian and Silurian limestone·s and with a
changing facies in each it becomes in places impossible to dr,aw
any Is ure line between them. It must be understood, therefore,
that in the interpretation of the sections the assignment of formations is not offered with the confidence of the field geologist.
In many of the s,e'Ciions, there may be ,a close approach to cer-
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tainty; in others the reference is made from scanty data and on '
some slight turn of the scale of evidence; Realizing the nature
of the data dealt with, the mea~e'r, 'second-hand, and sometimes
untrustworthy evidence at hand, the difficulties of interpretation,
and the possibilities of error, the writer submits his tentative
conclusions in a spirit far removed from any dogmatism.
FORECASTS.

Information is often sought by cities, officials, and representatives of railways and other corporations and by private citizens
as to probabilities of .a n artesian supply in their localities. In
response to such requests many forecas,t s have been made · as
to the depth at which artesian water may be found, its pressure,
quantity, quality, and availability for specific uses. To make
this, report as helpful ,a s possible, f'o recasts have been made for .
all the towns of the state whose population indicates that an
artesian supply may be needed, and in which the artesian field
has not been already fully exploit~d.These forecasts will be
found in the county descriptions.
In using these for~casts: as a basis for estimating the depth to
water-bearing strata at any given point, it must bel remembered
that many of the data ·on which they rest are scanty, some are
conflicting, and others are no doubt erroneous. Estimates as to
the depth to w.ater beds necessarily assume uniform degree of
dip and uniform thickness of strata over given areas, whereas in
fact the strata vary in thickness from place to place and are
affieded by local upwarpsl and downwarps that tend to bring
them nearer to or farther from the surface than would be computed on the assumption of an unva,r ying dip. The information
given must not be used ,a s if it had the exactness of calculations
based 'on accurate data.
N everthe1ess enough is known of the attitude and nature of
the deeper rocks of Iowa to permit forecasts that may be of
considerable value and perhaps sufficiently close for the purpose for which they are made. The degree of approximation
which the data permit is evident by comparing forecasts: already
made with the facts afterward disclosed by the drill. Thus at
Osage (PI. VII) the Saint Peter s.a ndstone was predicted at 700
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to 750 feet from the surface and was ~ound at 715 feet; at Charles
City (PI. VII) the same formation was forecast at 800 f'eet and
was found at 780 feet; at Fort Dodge (PI. VI) it was foreoast at
1,300 to 1,500 feet and was found at 1,408 feet; at Waterloo (PI.
VI) it was forecast at 835 feet and was found at 815 feet; at
Bloomfield it was forecast at 1,230 feet and was found either at
1,190 or, more probably, at 1,445 feet, 'the records of the well
being very incomplete. At Mount Pkasant (PI. XIII) the Saint
Peter sandstone was found within 57 feet of the predicted depth.
, How far local deformations, entirely unknown before the drilling of a well, may cause an ,error in forecast is indicated by the
deep well.at Ames:. No prec1,ictions were made, but if it had been
aSlsumed that the Saint Peter had the same dip west of Cedar
Rapids that it is known to have ,east of that city, the estimates
of its depth at Ames would have been 250 feet too low, as the
drill disclosed a local upwarp which brought the Saint Peter that
far above its normal place (PI. XI). At New Hampton (PI. V)
the Saint Peter Ww& found 150 feet below where it would have
been expect.ed and predicted on the assumption of an uniform
southward dip from Mason City to Ack1ey. In southwestern
Iowa, where data .are exceedingly scanty, the base of the Pennsylvanian at Bedford (PI. XVIII) was forecast at 140 feet below sea level. The balse 'o f the Pennsylvanian shale was, indeed,
found at 82 fe,et below sea level, but the intervention of 'a hea,v y
sandstone, which probably should be clasBed with the Pennsylvanian, brought the base of the latter to 240 feet below sea level
(see fig. 6.) The water h o,rizons of the heavy magnesian limestones of this area were predicted to occur not more than 900
feet below sea level, 'and were found at Bedford at 850 f,eet
below that datum. Contr,a cts for artesian wells should make
provision for drilling at specified rates for several hundred feet
beyond the supposedly neces:sary depth.
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The writer is greatly indebted to the courtesy of artesian
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has done much work in the state, were destroyed ;some years ago
by fire, 'and some other firms s'€'em to have preserved few or no
data as to the wells which they h.,ave drilled. The opinion of
the foreman as to the character of the strata in which the
drill is working i,g alwaYis of value, for he has means of inference
as to the strata in the" chuck" and in the wear of the drill as
well as in the character of the drillings brought up in the slush
bucket.
CHEMICAL INVESTIGATION OF WELL WATERS
BY

w. s.

HENDRIXSON .

.SCOPE OF INVESTIGATION.

In the investigation of the quality of Iowa ground waters
the. practical aim has been kept in view. No Ia.ttempt has been
made to find exceptional waters containing uncommon mineral
matter or common mineral constituents in uncommon proportions. The object has been to determine the inorganic chemical
substances in average and representative well water.s in many
localities from the three sources:, the alluvium, the drift, .and
the stratified rock. Springs of large flows from known formations have also received attention. Wens supplying towns or
important industrial establishments have been investigated in
preference to those supplying only la single home or farm.
Little attention hasl been given to shallow wens reaching only
a short distance into the clay and supplied from it by seepage,
or to wells on river banks which' evidently obtain their water
from the rivers ,b y percolation through a few feet of sand or
c1ay.
'T he small funds for the work have made it necessary to avoid
duplication. 'One or two wells of about the same depth and
casing in a locality have been deemed sufficient to indicate the
quality at that place, unless the wells were very deep ,a nd
reached the extensive aquifers. Wells of the latter type are
likely to be of more importance, and as a matter of fact their casings are likely to be of very different lengths and are frequently
defective. .It was, therefore, considered desirable to secure analy,ses 'o f 'Several such wells, even if close together, in order to
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eliminate the accidental to some degree and to draw more nearly
accurate oonciUlsiO'ns as to' what quality O'f water the main
sO'urces O'f supply might be expected to' furnish at that PO'int.
ACKNOWLEDGMENTS.

This repO'rt contains ,abO'ut 400 analy,s'es O'f well waters. Of
this number nearly one,- half have been made by the writer with
sO'me aSls istance in the chemical labO'ratory O'f Grinnell Gollege.
AbO'ut 45 analyses have been taken frO'm N ortO'n: MO'st O'f them
were made by PrO'f. J. B. Weems, at that time gf the Iowa
State OO'llege at Ames. The remainder were O'btained through
the kindness O'f the chemists of ,t he ]jowa railroads, whOisle
courtesy and fine spirit O'f cooperation it WO'uld be difficult to
overstate. AU whO' were written to and had such data as were
requested sent all that welle 3Jsked for and more. Hundreds O'f
pen copies of analyses and blue-print sheets O'f analyses were
sent in. The aid given by these men has be'e n invaluab~e.
The greatest number of analyses was sent by Mr. George M.
DavidsO'n, engineer of tests of the OhicagO' & North Weste'r n
Hailway. He has also contributed a very full statement of the
plants and processes used by his road in sO'ftening the waters
along its lines for use in its engines.
Other whO' have shown the same generous and obliging spirit
are Mr. W. D. Wheeler, of the Minneapolis & St. LO'uis Railroad; Mr. W. H. Ohadburn, of the OhicagO' Great Western RailrO'ad; Mr. M. H. WickhO'rst, O'f the OhicagO', BurlingtO'n & Quincy
Railroad; Mr. GeO'r~e N. Prentiss, of the Chicago, Milwaukee &
St. Paul Railway; and Mr. F. O. Bunnell, O'f the Ohicago, RO'ck
Island & Pacific Railway.
' Rept . Iowa Geol. Survey, vol. 6, 1896, pp. 353-407.
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CHA.PTER I.

•

TOPOGRAPHY AND CLBfATE .

BY HOWARD E . SIMPSOX.

TOPOGRAPHY
RELIEF.

Iowa has but one primary physiographic form-the prairie
plain. Taken as a whole it is the most typical prairie state of
the Union. Here waving grasses once cov·ered the r_olling uplands and deciduous trees bordered the dark and slowly meandering streams. N ow the deep, rich soils, moistened by ample and
wen distributed rainfall, offer rich return for agriculture, and
artificial groves dot the landscape in every direction .
The relief is slight. The general surface elevation varies from
494 feet above sea level at I{,elok~k in the extreme southeast corner to 1,551 f·e et at Ocheyedan in Osceola county near the northwest corner, .a range of slightly more than 1,000 feet. The total
range in altitude between the low water of Mississippi river
where it leaves the state at Keokuk and the highest mound on the
great divide in Osceola county is not exactly known, but it does
not exceed 1,200 feet, a slight relief for an area of 55,475 square
mil,e s.
Originally this plain was an old sea floor. The alternating
layers of sauds, muds, and lime deposits of which it consisteu
were slowly oemented and consolidated into sandstones and
limestones and r,a ised by gentle uplift into the gr,e'a t interior
plain which slopes southward from the old lands of Canada and
. the Lake Superior region. Time did not materially disturb the
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rock layers of this ancient coastal plain except to bevel off their
surface and they still dip away slightly to the, southwest, with
scarcely a fold or fault to break the unity. The surface variations were largely the result of long-continued erosion by
weather and running water, greatly modified and almost obliterated over the larger portion of the state by glacial ice. "
DRAINAGE.

Though lying entirely within the Missis'sippi basin, the rivers
of the Istate, when viewed as a whole, ,a re readily separable into
two distinct systems, one of which drains to the Mississippi and
the other to the Missouri. The divide between these two ISystems enter$ the state a few miles east of Spirit lake, passes
southward through the eastern parts of Dickinson and Clay
counties, thence through Buena Vista, Sac, Carr911, Guthrie,
and Adair counties. Thus far it is a broad, flat, and inconspicuous ridge.
The direct extension of this ridge,
somewhat better de'fined than before, continues southward
through Union, Ringgold and Decatur counties to the Mi,s souri
~tate line. The divide pr,oper, however, turns eastward through
Clarke, Lucas and Monroe counties, and thence goes southward
through Appanoose county around the' headwaters of Grand and
Chariton rivers, which turn southwestward after crossing the
state line and flow into Missouri river. The rivers of the Mississippi ,s ystem have a southeastern trend, those of the Missouri
sy,s tem a southwestern trend consequent upon the original slope
of the plain. The direction of the minor streams generally does
not depend in any way on the character or structure of the underlying rock.
SUBDIVISIONS.

Though Iowa may not be divided into physiographic pJ;ovinces
on the basis of primary land forms, the work of the continental
ice sheets in smoothing down the hills, filling up the valleys, and
spreading a leveling mantle of drift over wide areas, has resulted
in such marked modification of the preglacial topography that
the state may be readily divided into the driftless area and the
drift area:
4
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DRIFTLESS AREA.

All of Iowa, except a narrow strip lying along Mississippi
river in the northe'a st corner of the state . and including Allamakee county and the . northeastern portions of Winneshiek,
Olayton, Dubuque, and Jackson counties has been overridden
by glacial ice. 1;he topography of this strip is in ,s harp contrast with that ·of the drift-covered area and must fairly r,epresent the topography of the entire state before the great ice
invasion. Weather ,a nd running water have had continuous and
undisturbed action on nearly horizontal rocks of varying hardness for a long period of time, and the surface has reached the
stage of mature dissection.
RELIEF.

Ohief among the many interesting topographic features of
the driftlesS' ,a rea is the valley of the Mississippi. The Mississippi flows from the north through a remarkably steep-sided,
, rock-walled valley 400 to 500 feet deep and one to three miles
wide, swinging Is outh in great and gentle curves such as could
be carved only by an earlier stream of far greater volume. The
present Mississippi clearly misfits its valley, flowing througu a
br,a ided network of shifting channels and leaving in its changes
nume'rous ponds, lakes, and bayous on the broad plain which now
forms its v,alley floor. That the valley has been extensively filled
is evident from well borings, which reveal great thicknesses of
sand, clay and gravel; at McGregor, for instance, 187 feet of
sediment, evidently of glacial origin, is found ,above the ancient
rock channel. The larger tributaries flow in rock-walled, flatbottomed vaUeys 100 to 300 feet beneath abrupt bluffs on either
side and 500 to 600 feet beneath the crests of rounded dividing
ridges. Near their headwaters they flow through Is teep-sided
rocky gorges, and their tributaries have sharply carved and
thoroughly drained the uplands. Farther down the walls retreat,
the uplands break into rugged .ridges, rounded hills, and flattopped mounds-. Here and there, as between Turkey and M~s·sis
sippi rivers, they terminate in the sharp points crowned with
pichiresque .pinnacles, towers, ,a nd long mural escarpments that
result from the presence of strong cliff-forming rocks underlain by weaker slope makers.
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The main valleys have been cut considerably deeper than their
pI'le's ent floors and are aggraded with alluvium, probably Pleistocene in age. Thus the wells at New Albin strike rock at from
130 to 140 feet from the surf,ace, or more than 100 feet below
the prels·e nt river levels. Mor'e"over, old terraces, remnants of '
ancient flood plains, standing as high as 60 feet above the riv~rs,
mark the height of the streams of the region when they ceasled
aggrading their rock-cut valleys and resumed the task of degradation.
SOILS.

T.he soil of the area is chiefly residual, resulting from the
"decay of the country r·ocks in place. The upland, however, is
broadly mantled by loess, a fine, porous clay. . -Many of the
steep slopes characteristic of the region are nearly bare, the
loess cover being generally absent. The larger valley floors are
commonly filled with water-bearing sands and grav€ls, overlain
by rich alluvium.
DRAINAGE.

The drainage system of the driftless area is completely developed except for the lakes and other undrained areas on the
flood plains. Underground dI'lainage is not uncommon in the area
underlain by limestones, as is shown by sink holes) limestone caverns in the uplands, and numerous large springs which rise in the
valleys. The topography of the driftless area has a very marked
influence on the underground water conditions. In the deep dissection of the country the many water-bearing beds, such as
limestone ·a nd sandstone, .are cut through in many places by
the stream valleYls" and the water is permitted to escape as
seepage and as springs .from numerous joints and fissures or
over shale horizons.
'T he Is.}opes are so numerous and steep that water can not
linger on the uplands in pools or ponds, but is shed rapidly into
the streams, affording little opportunity for eithe-r evaporation
or absorption and giving rise to occasional floods, which cause
serious damage to towns like McGregor and Decorah, which are
situated in the v1alleys.
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. The residual soil is tenacious and relatively impervious, and
so absorbs little water. The loess is porous but comparatively
thin. The broad, flat uplands away from the valleys are the
best retain~rs of moisture. In them the ground-water level
stands high, and shallow wells may be had in many pl,aces, though
the supply is scanty, for s'eepage is slow. The ground-water
level, as a rule, however, stands low, owing to natural drainage
through deep dissection. Rock wells are most common and
depths of from 300 feet to 600 feet are not unusual. In the valleys the ground-water level is but slightly below the surface,
and the gravels and sands in the filled valleys carry a strong underflow, yielding abundant water at slight depths.
DRIFT AREA.
GENERAL CHARACTER.

With the exception of the driftless area above described,
every portion of the state ot Iowa was occupied by an ice sheet
at least once during the glacial epoch. . Thel general effect of
the ice work was to wear away the more prominent topographic
prominences, to fill the valleys, and to spread rock was,t e over
the area. Portions of the state wer,e several times invaded by
ice, which left the sheets, of till, varying in smoothnes.s and .
' thickness, that combine to form the present mantle of drift-a
mantle averaging in thickness from 100 to 200 feet, with a probable maximum of 600 feet in Louisa county.
The topography of this region is young as compared With that
of the driftless area, and is gener,ally independent of the geologic
structure of the undedying rocks. Only along the margins
bordering the driftless area and in the valleys of the larger
streams is it influenoed by the preglacial topography. 'T he topographic features are chiefly due ,e ither to the manner in which
the ice laid down its load of waste or to the subsequent action
of the agents' of ~rosion.
On the whole., the surface left on the retreat of the glacial ice
was a gently undulating plain. Only near the margins ..of the
drift is heets or at places' where long pauses were made in the
r,etreat of the ice front were marked irregularities produced.

TOPOGRAPHY

53

Here belts of hills with alternating depressions were formed by
the irregular .heaping up of the drift material, producing terminal or recessional moraines having characteristic knob and
kettI,€' topography. The material is chiefly till, a mixture of
clay, oS,and, pebbles and bowlders of all kinds, deposited directly
by the ice. Associated with this -are beds of s'a nd and gravel
left by streams of running water and fine clays deposited in
quiet waters. Overlying the drift sheets of the earlier ice invasions over more than half the Etate is a fine, porous clay of
peculiar vertical cleavage called loess. This formation is of
eolian or aqueous origin and 'can be readily distinguished .from
the underlying drift by its lack of pebbles and bowlders. It
tended to smooth over the slight inequalities of the drift sheets
on which it was deposited.
DRIFT SHEETS.

At least five different ice invasions, each of which de'p osited a
sheet of drift, entered Iowa from slightly different directions
and at widely separated periods, of time during the glacial
t€poch. The drift of the first invasion, known as the Nebraskan
(pre-Kansan) was everywhere overridden by later ice sheets
and is not known to influence the topogr>aphy of the state. The
deposits of the remaining four invasions, the Kansan, Illinoian,
Iowan and Wisconsin are represented on the surface by areas
of drift differing only slightly in composition but very greatly
in age and topographic form.
I~ANSAN

DRIFT.

The oldest drift sheet appearing on the surfaoe' in Iowa is
the Kansan, which heavily mantles the entire state with the
exception of the driftless area already described ·a nd is exposed in the southern and western p'o rtions over an ar,e'a; equal
to half the area of the state. A line connecting Fort Madison,
Iowa City, Des Moines, Carroll and Sibley roughly separates
the exposed Kansan area from that to the north and east, which
is, covered by younger drift sheets.
The evidence offered by unaltered remnants of the old Kansan
drift leads to the inf,e'rence that its surface must have been very
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gently undulating and have been characterized by the absence
of moraines, drumlins, kames, and other hills due to accumulation. The relief of today has therefore be'e n developed by
the action of weather and running water through long periods
of time. So long have these agents of erosion been at work
on the Kansan area that they have in most places drained it and
reduced it to a high degree of maturity characterized by a
heavily rolling topography.
The drainage, is, so complete that lakes, ponds and other
bodies of standing water ar,e' practically unknown except ,on the
flood plains of large streams. The slopes are so steep and the
run-off so rapid that little opportunity for abs{)rption or for
evaporation is given as compared with the areas of younger
drift. On the other hand, the loess cov,eT is so porous as to abs{)rb a slow rainfall very rapidly. The ground water is relatively low, especially on the higher region about the MississippiMissouri divide. It is higher, however, than in the maturely dissected region of the driftless area, where slopes are very steep
and sojls tenacious.
N at all the uplands are so thoroughly dissected. Away from
the larger rivers broad flat-topped divides retain many of the
surface features of the original drift plain. Long, low swells
'alternate with shallow swales, through which sharp stream
channels have been excavated by storm waters. A few damp
sloughs and small patches of marsh grass in gentle depressions
indicate that here at least youth lingers in the midst of maturity. In such an upland much of the storm rainfall is absorbed; ground-water level is found clos'e to the surface in the
swales; and shallow weUs are common, even on the low swells
where the houses are located.
Nearer the rivers little of the plain remains and the country
is sharply broken into hills and valleys. The slopes, though
not so steep as in the- driftless area, show frequent outcrops of
bedrock, from which springs flow in places and seepage is common. The larger streams .occupy broad flat bottomed valleys
and meander over well developed flood plains. So long have they
worked that many of them have discovered preglacial channels
in which they are now flowing. In the valleys the ground-water
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table coincides with the surface of the stream and rises in general
toward the valley sides. Shallow dug wells reach water a · few
feet down; where gravels and sands have been deposited in the
valley the underflow is st,"ong and easily obtained by means of
driven wells.
Owing to the steeper slope of the plain in the southwestern
portion of the state, west of the Mississippi-Missouri divide', and
t.he short distance of thel headwaters from the master stream, a
maturity has been attained beyond that of any otlier drift covered portion of the state. The rivers flow through deep, broad,
nearly parallel valleys, the floors of which ·a re underlain by
gravel, sand and clay. Most striking of the· valleys, perhaps,
are those of Nishnabotna and Nodaway rivers. The valley floors of the'se range from one to four miles -in width and are
so-terraced that only a narrow belt is exposed to frequent flood
water. Throughout the valleys shallow wells furnish an abundance of good water fr0m the sand and gravel layers of the
alluvium.
Missouri riv'er, on 'the western border of Iowa, lies within the
area of Kansan drift, and meanders through a ' postglac~al valley
partly filled with yellow loess. Its broad flood plain, constantly
shifting channel, muddy waters, and ever present snags, are
among its most striking characteristics.
ILLINOIAN DRIFT.

In the southeast corner of the state a small area of younger
drift overlies the Kansan, extending along Missis-sippi river
from Princeton , to Fort Madison in an irregular belt five to·
twenty miles in width. The depositing ice sheet came from the·
northeast and the drift is known as the Illinoian. The surfa0c
of the whole is thickly mantled with loess.
Several important rivers, among which are the Cedar, Iowa
and Skunk, have had a marked influence on the topography in:.
the vicinity, excavating deep, wide valleys in the soft drift.
The greater part of the' area . retains the characteristic features of a young drift plain. Few sloughs remain and the
storm waters have washed out well-marked drainage channels~
but broad tabular areas of the original plain still persist, form-
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ing large, level, floor like divides. The Mississippi here occupies
a narrow channel whose youth is indicated by rock-cut portions
at Le Claire, Davenport and Keokuk.
At its western margin the Illinoian drift sheet thickens
into' a low morainal ridge, beyond which ,a broad flat channel,
roughly paralleling the Mississippi from Bellevue to Fort Madison, marks the temporary channel occupied by that river while diverted by the Illinoian ice. In "The Forks" between Cedar and
Iowa rivers in Louisa and Muscatine counti,e s lies a level sandy
. plain, the bed of an extinct glacial lake, whose waters were held
between bluffs bordering Iowa river on the west and the ice
front on the least. The diverted Miss,issippi, flowing down from
the northeast, was here blocked and ponded until it rose sufficiently to flow away southward over the bluffs through the channel mentioned above.
The loes's cover of the Illinoian drift readily absorbs water
and the general ground-water level stands high except in the
broken areas near the larger rivers and at the margins of the
drift. In such places the conditions resemble those in the Kansan area.
IOWAN DRIFT .

Over the greater part of the northea~t quartleT of the state
lies the drift left by the Iowan ice sheet. Its borders on the
south and east are remarkably sinuous owing to the projection of many long, narrow tongues. It is oVlerlain on the west
by the YOlillger Wisconsin drift, the margin of which lies near
Clear Lake and Eldora. Its southern ma.rgin passes near Grinnell, Belle Plaine and Iowa City. On the east it is separate·a
from the driftless ar;e'a by a narrow belt of Kansan drift.
The topography of the region is chara.cteristic of a youthful
drift plain. The irregularities left in the drift by the departing ice sheet still remain. The loess, which so fully mantles the .
olde'r drift sheets in the southern part of the state, is, conspicuous by its absence, being found only in irregular patches near
the margin.
The surface is gently undulating.
Low
flat swells alternate with swales, on whose broad floors
"sloughs," marshy remnants of glacial lakes, give rise to
small creeks which follow a sluggish, winding course' toward t~e
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master streams. In the northeast portion bowlders strew the
surface, especially in sags and swales. Near the southern margin of the Iowan area the even surfaoe rises into low hills with
parallel axes, apparently drumloid in character, but capped
with loess. To these hills the name paha has been given. Along
the southwestern margin in Tama and Benton counties they become more knobby and much resemble a terminal moraine.
The river valleys are not well developed, as in the area of
the Kansan drift, but flow in narrow channe'ls between steep
banks of drift and alluvium except where they have found preglacial channels held open during ice invasion.
Natural drainage is not complete in the Iowan drift area, but
the proce.ss is being rapidly hastened by artificial means. In
no other part of the state can man .so easily aid nature in this
respect. The young stream courses are well marked and, when
once the sod in their bottoms has be'e n broken by the plow, they
deepen rapidly and form the outlets for extensive systems of
tile drainage. The exces's of water which would otherwise form
ponds and sloughs in the low flat ar,ears is thus readily drained
off, yet so slightly is the ground-water level lowered ben~ath the
surface that the normal moisture is retained during dry seasons,
a most favorable condition for agriculture.
Thruoghout the Iowan area the ground-water level stands
high. The lack of the porous, loess cover probably tends to increase evaporation and run-off, but owing to the flatness of the
surface the run-off is slow, Most wells find water within a few
feet of the surface, but owing to the imperviousness of the drift
many fail to obtain a large supply until they penetrate the bed·
rock.
WISCONSIN DRIFT.

The young,e st of all the drift sheets in Iowa, that deposited
during the Wisconsin.ice invasion, lies in a broad lobe extending
from the north boundary of the state to the city of Des Moines.
The western margin lies near Sibl,ey, Storm Lake and Panora,
and the eastern margin near Clear Lake, Iowa Falls and State
Center.
The area presents all the characteristics of early youth. It
is a level, undissected drift plain in which the drainage remains
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strikingly incomplete, the topography being practically as the
ice sheet left it. Low rounded swells separate shallow basins,
in which lie numerous. sloughs, lakes, -ponds and peat bogs,. The
smaller streams wander in narrow, crooked valleys and in many
places end in undrained basins. The rivers, are simple consequent streams; some occupy shallow channels on the surface
of the plain and others have cut deep trenches in the drift, but
all lack well-developed systems of tributaries.
A feature of this drift area is the accumulation of weH-marked
terminal moraines on the eastern and western ma~gins, together
with several recessional moraines within the area. On the .eastern margin a distinct belt ,of knobs 50 to 100 feet in height enters
the state along the north boundary of Winnebago county and
passes southward ·through Hancock, Cerro Gordo, Franklin and
Hardin countie1s, dying out in the ~estern part of Marshall
county. On the west side another belt, partly terminal and
partly recessional, enters, Dickinson county and curves southward through Clay, Palo Alto, Buena Vista, Sac, Garroll and
Greene counties and dies out in the northeast corner of Guthrie
county. W,ell-marked recessional moraines are found in northern Boone and adjacent counties and in Webster county.
The Wiscons,i n drift area is the lake region of Iowa. A few
ponds and ,sloughs occur in the Iowan drift area, and lagoons,
cut-offs, and bayous are found on the flood plains of all the
larger rivers of the driftless ar,e a and of the Kans·a n drift area,
but the only lakesl of importance in the state are found in the
Wisconsin area and are of glacial origin. They lie chiefly within
the heavy morainal belt 'a lready described and occupy irregular
depressions between the kames. Chief among them are Spirit,
East and West Okoboji, Storm, Wall and Clear lakes. The last
named furnishes the water supply for the town of Clear Lake,
and several are valuable sources. of ice.
The problem of adequate drainage is more difficult in the
Wiseonsin area than anywhere else in Iowa. The lakes, ponds
and sloughs all indicate a high ground-water level. The absence
of the loes's, leaves the drift without a porous cover and the
tenacious quality of the' bowlder clay prevents the entrance of
much water into the ground. Wells in swales therefore find
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abundant water, but on the higher portions they must be driven
deep, frequently into rock, to get a plentiful supply. The surface waters are so abundant, however, that fewer stock wells are
necessary than in other areas.
SUMMARY.

The level character of the prairie plain is such a s, to favor the
ready absorption of rainfall by the soils and to cause the ground
water to stand near enough to the surface of . the drift or the
country rock to be within easy reach of comparatively shallow
wells. The gently rolling charact er of the topography insures
good drainage, thus preventing stagnation of water on the surface·, and lowers the ground-water level far enough to permit
purification of the downward percolating waters by filtration
before they join the great underground system. The topographic conditions, in connection with drift soils su ch as ar e
found throughout nearly all of the state of Iowa, insure an
abundant and wholesome supply of under ground wat er s at
depths which permit most of the inhabitants outside of the lar ge
cities to be supplied at very slight cost.
CLIMATE
GENERAL CONDITIONS.'

The climatic conditions of the state of Iowa ,ar_e, on the
whole, favorable to a good ·a nd constant supply of underground
water. Most important of these conditions are precipitation and
temperature, both of which, though liable to marked variations
from the normal, are shown, by the abundant annual rewards
of agriculture, to be favorable to the s,t orage and conservation
of the moisture in the soils and country rock. Nothing approacp.ing a failure of crops either by drowning or drought has been
experienced in the history of Iowa-a history which now spans
more than three-quarters of a century.
Climatic observations within the present bOlmdaries of Iowa
wer e officially taken by the medical officers of the United States
'Detailed information regarding climatological conditions in Iowa may be found
In the following reports: Sage. J. R ., Climate and Crops of Iowa: Ann. Rept.
Iowa Weath er a nd Crop Service for 19()2, appendix. Hen ry, A . J . , Climatol ogy of
t h e Unit ed St ates, U. S . W eather Bureau , Bull. No. Q, 1906, pp. 626 -658.
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military posts as early as 1820, and widely scattered, though
systematic, records were kept with s,t andard instruments under
the direction of the War Department and the Smithsonian Institution until 1870, when the Weather Bureau was established.
Since 1890 the state government has cooperated with the Weather
Bureau through the Iowa Weather and Crop Service.
There exists, therefore, a series of records covering a period
of riearly ninety years, during all of which time much -attention
has been given to both temperature and rainfall. Thou'gh the
early records are few and incomplete they are of value in indicating the constancy of the Iowa climate and the error of many
who have not carefully studied the conditions in believing that
marked changes have taken place. The observed facts make it
highly improbable that any important change in the average
precipitation of ,e ither rain or snow has taken place ,since the settlement of the region by civilized people.
TEMPERATURE.

The mean annual temperature is 47.5° F. The variation from
this figure scarcely ever exceeds 2° ; but owing to the location of
the state in the interior of the continent, ,exposed alike to cold
waves from the northwest and warm waves from the south, the
average annual range of temperature amounts, to 136
The
highest temperature recorded is 113° and the lowest is -43°,
giving the remarkable range of 156° between the highest and
lowest observed temperatures. The. m'e an annual temperature
decreas,es gradually and uniformly from Keokuk, the lowest and
most southerly point in the state, to the higher parts of the northcentral region.
The table below give& the monthly, sleasonal, and annual mean
temperatures as recorded at six climatologic stations
the
United States Weather Bureau in Iowa and one at Omaha, Nebraska. The distribution of these s,even stations is, such as to
represent fairly well all portions of the state.
To these are
added for comparison the corresponding mean temperature for
the state as a whole.
0
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Monthly , seasonal, and annual mean tempe1'atu?'eS (OF.) in Iowa and at
Omaha, Nebraska .
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The first killing frosts of autumn occur about October 5 and
the last of spring about April 25, the time varying about two
weeks between the northern and southern portions. This gives
a period of about six months during which frost is liable to occur.
The streams -a re clos,eel by ice for approximately three months
and the surface of the ground is sufficiently frozen to prevent
ready absorption of rainfall for abo'u t four and one-half months.
The relations of temperature to ground water are very complex. They include (1) the immediate and direct relations that
govern the amount, rate, -and form of the precipitation; (2)
thosl81 that determine the proportionate parts of the rainfall that
evaporate, run off, or 'a re absorbed, as affected by the char'acter
of the surface and by its freezing, baking, etc.; and (3) those
that govern the direct movements of ground water. The last
item is often overlooked, but its importance may be suggested
by the fact, determined by experiment, that water at 100 F.
percolates twice as rapidly through sand as it does at 50 i both
absorption and flow, therefore, vary · greatly with the temperature.
0

0

PRECIPITATION.
CONTROLLING CONDITIONS.

The moisture which falls in the form of rain or snow over
Iowa comes chiefly from the Gulf of Mexico, being drawn in
with the southerly winds toward the rotating areas -o f low pressure (or cyclones, as they are technically called), ,which move
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eastward acros,s the continent with the pI'levailing wes,terly winds.
These cyclonic storms are great in area, moderate in force, and
beneficial in effect. They should not be confused with the violent
rotating storms pr:operly called tornadoes, which occasionally
occur in the middle and eastern parts of the United States, making a very narrow track and extending over a small area. The
rainfall is directly cyclonic in winter and indirectly cyclonic in
summer, coming chiefly from thunder storms in the southeastern
quadrant of the low-pressure areas. Many of the thunder storms,
which average about 37 annually for each s,t ation in the state,
are, however, of the conventional type and are therefore local.
GEOGRAPHIC DISTRIBUTION.

The Iowa Weather and Crop Service has divided the state into
three sections, northern, central, and southern, each consisting
of three tiers of counties, extending -across the state from east
to we'st. ' ~he average annual precipitation of the northern section is 29.9 inches, of the central section 31.5 inches, and of the
southern s'ection 33.6 inches. Each section has been subdivided
into three districts more ,or less closely approximating rectangles and containing from 7 to 15 counties each. The names of
these districts together with their average annual precipitation
are: northeast, 32.25 inches; north-central, 29.40 inches; northwest, 28.16 inches; east-central, 32.61 inches; central, 31.66
inches; west-central, 29.36 inches; southeast, 33.65 inches;
south-central, 32.53 inches; southwest, 32.60 inches.
The highest average precipitation is found in the southe,a st
district and the lowest in the northwest. The southeast district
has an annual average of 5.49 inches more than the northwest
district, 1.40 inches more than the northeast district, and, 1.05
inches more than the southwest district. From these figures
it is readily seen that there is a regula.rly decreasing gradient
from east to west and a slightly steeper one from south to north, ,
the stt:epest gradient being from southeast to northwest.

ow
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The highest annual average at any of the United States
Weather Bureau stations is 35.2 at Keokuk in the extreme southeast corner of the state, and the lowest average is 25.8 at Sioux
City, near the northwest corner; this confirms the relations
above stated and gives a range of 9.5 inches in the mean annual
precipitation as recorded at the different Weather Bureau stations within the, state.
Grouped in north-south belts, the eastern or Mississippi river
belt has an average annual precipitation ,of 32.50 inches; the
middle belt of 31.51 inches,; and the western or Missouri river
belt of 30.04 inches.
Thus, the variations in the· geographic distribution of the precipitation of Iowa are slight, consisting chiefly of a normal decrease l10rthward and a decrease northward and westward with
increase in distance from and elevation above the chief source
of the moisture: the Gulf of Mexico, and with increase in distance from the usual paths of the cyclones.
SEASONAL DISTRIBUTION.

To give a perfect idea of the relation of rainfall to underground waters the records should show not only the amount, but
the Tate of the fall, the cloudiness, the direction and velocity of
the wind, 'a nd the condition of the ground surface at the time.
Precipitation falling on a moderately dry surface is abslOrbed
more rapidly than that falling on hard-baked ground, and still
more rapidly than that falling on a frozen surface, which is
scarcely absorbed at all u.nless it falls as snow. Winter precipitation is therefore of little value as comparled with summer
precipi tation.
In spite of the location in the interior and of the, great distance
from the source of supply the constancy of the prevailing westerly winds and the frequent recurrence of the cyclones produces
a seasonal constant of rainfall which, coupled with the peculiar
character of the glacial soil, makes the upper Mississippi v,a lley
a well-watered region. As the supply of ground w!lter, especially
that near the· surface, depends on the rainfall, the amount of precipitation la nd its geographic and seasonal distribution is important. The average annual precipitation as shown by official
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record is about 31.5 inches. Its seasonal distribution is fairly
well shown in the table below, which gives the mean monthly,
seasonal and annual pr·e cipitation for the several Weather Bureau stations and for Iowa as a whole.
Monthly, seasonal, and annual mean qJrecipitation (inches) in Iowa ana at
Omaha, Nebraska.
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Iowa -------------------- 1.05 1.05 1.92 2.88 4.50 4.52 4.44 ,8.99 8.41 2.35 1.39 1.19 3.80 9.25 12.95 7.15 82.65

Iowa has fairly well-defined wet and dry seasons, due to the
migration of the wind system with the sun. The bulk of the
rainfall occurs during the spring and summer months ·a nd
little of it during the, winter months, the approximate percentages being, winter 10 per cent, spring 28 per cent,
summer 39 per cent, and autumn 23 per cent. Only a
small proportion falls during the period in which the ground is
frozen and absorption prevented, and a very large proportion,
probably 80 per cent, falls in late spring and summer when absorption is greatest. This natural advantage is gr,eatly increas·ed by the fact that the heaviest rainfall occurs during the
seasons for the preparation and the cultivation of the soil, thus
very greatly increasing the absorption. This relative incr·e'ase
of precipitation of spring and summer over that of winter becomes, more marked as the total rainfall decreases from the Mississippi westward. The summer precipitation at Keokuk is 11.6
inches and that at Sioux City is 10.6,a difference of but 1 inch;
whereas the winter pr·ecipitation at Keokuk is 5.4 inches and that
at Sioux City is 1.9 inches, a difference of 3.5 inches, thus compensating to a large deg~ee for the differences in total rainfall.
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A marked effect of the diminution of precipitation during the
winter months is noted in the slightness of the snowfall compared with that of the more eastern states. Though snow falls
in all parts of the state, the annual average fall for 29 year:s Is
but 29.2 inches, less than one-tenth of the precipitation. The
effect of geographic differences in precipitation on the under~round-water supply is thus very slight . .
VARIATIONS .

. The table below shows that the precipitation for the entire
state is subject to marked variations from year to year. Since
1890 the lowest ,a verage for the whole state for' a single year was
21.9 inches in 1894 and the highest 43.8 inches in 1902. Between
thes e extremes there has been marked variability, but the tendency to one extreme is frequeptly follow€d by a tendency to the
other, as illustrated in the dry year of 1901 and the wet year of
1902. The general average has been steadily maintained through
al\ the long period covered by records.
Yearly Variations of Rainfall in Iowa.
[Inches]
Average

Year
1890
1891
1892
1893
1894
1895
1896
1897
1898
1899
1900
1901

I

____ ~ _____ _____ _________ __
___ _____ __________________ _
__________________________ _
__________________________ _
__________________________
_________________________ _
__________________________ _
__________ _______________ __
____ ________ ______________ _
_____ . ____________________ _
__________________________ _
___ __________ ___ _________ _
~

31.28
32.90
36.58
27.59
21.94
26.77
37.23
26.97
31.34
28.68
34.15
24.41

varIa. ,
tlon
trom
normal

Year

I

-0.24
1.38
6.06
--8.93
-9.58
-4 .75
5.71
-4 .65
- .18
-2.84
2.63

-7.11

1902
1903
1904
1905
1906
1907
1908
1909
1910
1911

Average

I

__________________________ _
__________________________ _
____ ______________________ _
__________________________ _
__________ ___ _______" _____ _
_________ ; _____ ___________ _
___ __ _______________ __ ___ __
__________________________ _
__________________________ _
_______________________ ___ _

Average _______________ _

43.82
35.39
28.51
36.56
31.60
31.61
35 . 26
40.01
20.03
31.57
31.51

Varlation
trom
nermal

I

12.30
3.87
3.01
5.04 '
.08
.09
2.61
7.36
-12.62
- 1.28
_______ _
-

Deficiency of summer rainfall sometimes produces droughts,
the effect of which is marked on the streams, s,p rings, and shallow drift wells, producing scarcity of water for stock and for
domes,t ic purposes. Heavy drains are made for stock on the
deeper rock wells when streams are low, and as these rock wells
are of small bore they are sometimes temporarily e,x hausted ..
'rhe texture of the soil and other phys,i cal conditions, such as
5
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its condition at the beginning of the dry period, determine its
ability to s,tore water unde'r the least loss by evaporation.
Rather severe general midsummer droughts occur at irregular
intervals once or twice in a decade. During all such droughts,
however, many small 'a reas have had practically normal precipitation, and the amount has ~enerally been ample in most parts
of the state.
The most severe drought on record 1s that of 1894-95, which
may be ascribed to slight precipitation and high temperatures for
two successive seasons. The precipitation for July, 1894, was
only 0.63 inch, about 15 per cent of normal, and for August was
1.58, about 44 peT cent of normal. The departure from the annual precipitation during the year was-9.5 inches'. The extreme in the ,o ther direction in recent years occurred in 1902,
when the precipitation. reached 43.82 inches for the year, 12.30
inches above the normal.
SUMMARY.

The information for a satisfactory discussion of evaporation,
humidity, wind velocity, and other minor fact~rs in the meteorologic control of ground-water supply is insufficient, but ,enough
data are available in regard to the two chief controlling factors,
temperature and rainfall, to show that Iowa, though possessing
the variable characteristics of a continental climate, also possesses, the requis,i te meteorologic conditions for a moderately
abundant supply of underground water.
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Des Moines

Limestones, cherts. geodiferous shales

Devonian

Salina 11) formation

Dolomites and limestones, gypsum ar.1 anhydr.ite marls, sandstones

Niagara dolomite

Dolomites

Maquoketa 'Shale

Shales with some limestones

Silurian

Qrdoviclan

Prairie du Chien

Cambrian
Sandstones. marls. shales

~~go~~~~~~-~-----------t------------~::~==~~=---------------~-------------+~~~~~~~~tt~~~------------------------------------------------------------------------~
Algonkian
Archean

Gneiss and schist

• As used in this report includes at t.op the lower part of the Warsaw limestone
• Includes upper part of Warsaw limestone
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CHAPTER I!.
GEOLOGY.

BY W. H. NORTON AND HOWARD E. SIMPSON.

GENERAL CONDITIONS
The rocks exposed in Iowa belong to four great d.ivisions separated from each other by pronounced unconformities. (See
PI. I, in pock,et.)
The oldest division belongs to the Algonkian system and is
represented by the Sioux quartzite.
This quartzite outcrops
over only a small area in the northwest corner of the state but
occurs more widely be10w other formations, and is also found
at the surface over considerable areas in Minnesota and South
Dakota.
The second division is represented by rocks of the Cambrian,
Ordovician, Silurian, Devonian, Carboniferous and Permian sys. terns, and includes a basal series of clastic beds that may be of
Algonkian age. This great assemblage of sediments rests on an
uneven floor composed of Sioux quartzite and older crystalline
rocks. It consists of beds of sandstone, shale, and limestone, many
times r,e peated in varying order. Where these beds come to the
surface they have been carefully studied, and the order of their
success,i on has been determined. (See PI. II.) They are for
the most part apparently conformable with one another, but important erosional unconformities occur at the base of the Devonian s,y stem and between the Mississippian, the Pennsylvanian,
and the Permian. The oldest' exposed rocks of this division are
'o f Cambrian age and outcrop in the northeastern part of the
,s tate. The strata dip in general toward the southwest, and in
this direction the younger formations' become successively the
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. surface rocks. The boundary lines between the formations, at
the surface or immediately below the drift, follow in general the
strike of the rocks-, and, hence, are approximately parallel 'and
cross the state with a northwest-s:o utheast trend. (See PI. I.)
Where the principal unconformities occur, however, the boundaries depart from this parallel 'a rrangement.
The third great rock division of Iowa is represented by Upper
Cretaceous sandstones, .shales, and limestones, which lap over
the older formations, and cover much ,of the northwest and westoontral parts of the state.
The fourth great division includes the drift sheets 'a nd as'sociated subaerial, interglacial, and postglacial deposits of the
Pleistocene ~eries. These deposits were spread over ' nearly
all of the state except the northeast corner, and in most localities
they still cover the olde<r rocks. The distribution of the different Pleistocene formations is shown in Plate III, in pocket.
'T he rock structure is shown in detail in the geologic sections,
Plates V to XVIII, inclusive. The location of these sections' is
indicated in figur,e 1.
PRECAMBRIAN ROCKS
ARCHEAN SYSTEM.

Foliated rocks-schists and possibly gneiss,e s-have been
found in several deep wells in the northwestern part of Iowa.
At Sioux City they were reached at a depth of 1,260 f,eet (135
feet below sea level), and continued to the bottom of the drill
hole, which is, 2,000 feet in depth. At Le Mars a rock called by
Todd" a gneiss, (~)," consisting of orthoclase, quartz, and muscovite, occurs at 215 feet above s'ea level, and crystalline foliated rocks, either gneisses or schists, continued for 500 feet to
the bottom of the boring.
ALGONKIAN SYSTEM.
SIOUX Q.UARTZITE.

The Sioux quartzite (popularly but errone'ous,l y called" Sioux
Falls granite' ') outcrops oyer a very small area in the northwest corner of the state. This familiar building stone of our
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large cities is, an intensely hard, pink, vitreous rock, consisting
of rolled sandstone grains cemented mainly with secondary int.erstitial quartz. Quartzite, presumably of the same age, occurs
in the Baraboo region of southwestern Wisconsin. At Lansing,
Iowa, the" gr·anite" noted in a driller's log at 71 feet above sea
1ervel may well be quartzite, here sunk nearly 1,500 feet below
its elevation at Baraboo, 75 miles east. "Granite" reported at
Mason City and Emmetsburg is not confirmed by drillings of
any crystalline rock in the sample preserved. At Cedar Rapids
an intensely hard, siliceous rock of reddish color was struck
at 1,417 fee,t below sea level and penetrated for a distance of 75
feet; but at Tipton, in an adjacent county, a well drilled to 1,886
feet below sea level failed to discover quartzite or any other
crystalline rock. At Burlington the reported occurrenoe· of
"quartzite (~) and slate" at the bottom of the Crapo Park well,
2,430 feet deep (1,745 feet below sea level), is not fully confirmed
by the drillings, since the reddish siliceous chips show no signs
of fracture across grain and cement, and the "slate," though
an indurated shale, is accompan~ed with chips of s'a ndstone of
Cambrian type. In the not f,a r distant deep well at Aledo, Illinois·, no crystalline rock was found, although a depth of 3,000
feet was attained.
ALGONKIAN (?) SYSTEM.
RED CLASTIC SERIES.

Certain deep wells of Iowa reach red sandstone beneath Cambrian terranes. Like the red sandstones of the deep wells of
Minnesota, these r~d sandstones of Iowa seem to be dry, and
they may be of Algonkian age. At Tipton the drill reached th~se
red rocks at 1,435 feet below sea level, or about the level at which
quartzite occurs at Cedar Rapids, and penetrated them for 431
feet to the bottom of the drill hole.
SANDSTONES WITH INTRUSIVE SHEETS.

The deep well at Hull, in northwestern Iowa, encountered, at
755 feet from the surface (678 feet above sea level), the first of
six beds of quartz po,rphyry inte,r calated between s,a ccharoidal
sandstones, the entire series reaching to a depth of 1,228 feet
from the surface (205 feet above sealevel).
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In the absenoo' of any physical or lithologic characteris,tics determining the -age of the sandstones, they have been regarded
as 'probably of Algonkian age, on account of the known igneous
intrusions of the same nature in the Keweenawan, the dikes, of
ancient lava'in the Sioux quartzite, and the absence of volcanism
in Paleozoic strata of the upper Mississippi valley.'
CAMBRIAN SYSTEM
OCCURRENCE AND SUBDIVISIONS.

The Cambrian rocks of Iowa were laid down upon an old sea
floor which is now expos,ed far to the north in Minnesota and
Wiscons,in. They probably underlie the entire state, but rise
to the surface only in the deep valleys of the extreme northeast
corner. The younger f'OTmations overlie the older in the order
of their deposition and become j;he country rock to the south
and west in successive roughly parallel bandH, each in turn dipping gradually to the southwest and passing underneath the
next younger. The strata of the two oldest sedimentary ,s,y stems
represented, the Cambrian and Ordovician, f'ollow one another
in rapid succession 'a nd the narrow bands of their outcrop roughly parallel one another in intricate patterns.
The Cambrian, a system of mas,siv,e sandstone formations several hundred feet thick, is an excellent water carr~er. At Lansing it was found to have a thickness of 1,000 feet. The Cambrian outcrops 'o r lies, immediately below the drift only in the
valleys of Mississippi river and its immediate tributaries from
the northern boundary of the state to McGregor in Clayton
county, in the valley of the Oneota and its immediate tributa6es
in Allamakee county, and over 'a n area of less than a square
mile in Winneshiek county. It outcrops in all of these valleys
only along the base of the high bluffs, where it has been exposed
by the deep carving of ancient streams.
The Cambrian rocks of Iowa cons,is,t of certain undifferentiated sandstones, marls, and shales, at the base, above which
lie the formations known, from the bottom up, as the Dresbach
sandstone, the Saint Lawrence formation, and the Jordan sandstone.
'Rept . Iowa Geol. Survey, vol. I, 1893, pp. 165-169; vol. 6, 1896, pp . 112, 180, 199.
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DRESBACH SANDSTONE AND UNDERLYING CAMBRIAN STRATA.
DEFINITION.

In the senior writer's early investigations of Iowa deep wells
the term" Basal sandstone" was used tentatively to include all
Cambrian deposits below the base of the Baint Lawrence formation, since no t erm used by either the Minnesota or the Wisconsin
surveys seemed sufficiently inclusive, the term Dresbach being
employed by the Minnesota geologists to designate only the upper formation of the series of strata in question. Since that
tIme the term Dresbach has been used loosely by some writers
to include all the underlying Oambrian strata, but it is used in
this report in the restricted sense, that is, for the sandstone exposed at Dre.sbach, that being the definition adopted by the
United States Geological Survey. The Dresbach sandstone,
which in the type region is a white, incoherent, fine-grained sandstone, is of Upper Cambrian age, whereas the underlying shales
and sandstones are believed by geologists of the United States
Geologlcal Survey to belong to the Middle Cambrian.
'
DISTRIBUTION.

Sandstones referred by Calvin to the Dresbach lo utcrop in Iowa
along the base of the Mississippi bluffs in Allamakee county
from Lansin'g north to the state line,
It is quite possible, however, that these strata belong to the
Saint Lawrence formation, -and if this is true the Dresbach sandstone nowhere comes to the· surface within the limits of the
state.
At Dubuque (PI. VI) the Dresbach and underlying Cambrian
strata were sounded by the drill to a depth of 1,100 feet, the base
Toward the west these
of the Cambrian not being reached,
~trata seem to thin. In east-central Iowa their total thickness
is 360 feet at Cedar Rapids (PI. XI), and 463 feet at Tipton
(PI. X), not including the red clastic series (Algonkian 1) already mentioned.
In northwestern Iowa the Dresbach and ·
underlying Cambrian strata probably thin rapidly as they rise
on the western side of the median trough that traverSies the state.

GEOLOGY

73

In central Iowa, at Des Moines and Boone (PI. XVI), it is difficult to draw the line separating the Dresbach sandstone from
the overlying Saint Lawrence formation .
•
LITHOLOGIC CHARACTER.
The Dresbach and the subjacent Cambrian .s,t rata include thick
beds of sandstone of rolled grains of moderate coarseness, ranging in color from white to yellow and buff. These saccharoidal
,s andstones are pervious, especially in northeastern Iowa. Closetextured beds also ·occur whose pore spaces have been filled with
limy cements. Sandstones are found whose angular grains of
quartz are so minute and s,o closely packed "that the rock must
be well-nigh impermeable, and with these may be ranged marls,
whose :fine siliceous grains were mingled with mud and lime as
they were laid on the sea fioor. These marls and lmpure .sandstones contain many dark green, round, ·s ubtranslucent grains
of glauconite. Limestones are unknown. No order of succes>sion has been made out for the beds. In several wells, as those
at Dubuque, Manchester, Anamosa, and Tipton (PIs. VI, IX, :X),
the upper sandstone (Dresbach sandstone) rests on marls or
ar,enaceous limy shales, which are in turn succeeded by heavy
basal sandstones.
SAINT LAWRENCE FOR.M ATION.
DISTRIBUTION.

On the Dresbach sandstone rests a heavy body of dolomite
and shale, kno·wn as the Saint Lawrence formation, which outcrops as calcareous and sandy shales in the bluffs of the Missis~
·sippi in the northeastern county of .the state. In eastern and
north-central Iowa the limits of the formation are usually well
drawn in deep-well sections, and its dual nature, dolomitic above
and argillaceous below, is clearly seen.
Southwestward the
limits 'of the formation become difficult to trace, UBI the · sandstones, both .above and below, become more dolomitic or .:ri:I.O,re
clayey. At McGregor (PI. V) the formation is represented by
a few feet of arenaceous dolomite, left uneroded in the bottom
of the preglacial channel of the Mississippi, and by 113 feet of
green shale immediately ,subjacent. At Waverly (PI. VII) and
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Sumner the upper dolomitic beds are respectively 150 and 170
feet thick and the shales and marls beneath reach the surprising
.thickness of more than 300 feet. In each of these places, sandy
beds occur near the middle of the shales, and if the upper limit
of the Dresbach were drawn at the summit of these sands the
thickne.&s of the shales left to the Saint Lawrence would accord
with the thickness reported in other deep-well sections. At
Charles City the formation was penetrated for probably 330
feet. (See PI. V.) Owing to a gap in the record, the upper
limit is not certainly known.
At Dubuque an imperfect record allows less than 200 feet for
this formation. At Manche.s,t er it reaches a to,t al of 242 feet .
(See PI. VI.) Southwest of Dubuque· the massive basal shales
and arenaceous marls fail to maintain themselves. At Anamosa
(Pl. IX) the formation consists (from above down) of 145 feet.
of dolomite, 55 feet of shale, and 40 feet 'of dolomite. At Tipton
(PI. X) the Saint Lawrence embraces 120 feet of dolomite rest-·
ing on 100 feet of marls. At Boo·ne (PI. XI) the dis,crimination
of the Saint Lawrence is made, with much uncertainty, to include 285 feet of glauconiferous shales and marls and closegrained sandstones reaching nearly to the bottom of the well.
At Des Moine.& (PI. XIII) about 300 feet of similar strata, lying
immediately below the Prairie du Chien, may be assigned to
the Saint Lawrence with much hesitation.
LITHOLOGIC CHARACTER.

The upper dolomitic member of the Saint Lawrence is in places
more or less arenaceous and commonly contains a good deal of
finely divided angular quartzo,se material. Glauconite is, present
in many localities. The shales of the lower member are commonly somewhat calcareous and siliceous. The rocks, designated
"marls," for want of a better term, consist of lime, siliea, and
clay aild give rise to drillings of concreted gray, greenish, bluish;
broWl'l., or pink powder. The friability of the concreted mass
indicates roughly the relative proportions of clay and sand, and
the reaction with hydrochloric acid show.s, a large- amount of
lime 'and magnesian carbonates to be present in many places.
The quartzose constitu'e nt is in the form of fine rounded grains
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and still more commonly of impafpably angular particles of
cry;stalline quartz. N oncalcareous, plastic, pink, red, or green
shales also occur, and in some places these are hard and fissile.
For these marls ·the characterization of Winchell of outcrops
in Minne.oota would seem applicable: "Greenish and shaly and
yet not a shale; calcareous and not a limestone; magnesian but
not a dolomite; finely siliceous but not a sandstone.' ,JORDAN SANDSTONE.
DISTRIBUTION.

The Saint Lawrence formation is 'olv erlain by a sandstone
called the- Jordan, from the name of a town in Minnes,ota at
which it outcrops. In Iowa it comes to the surface only in Allamakee, Winneshiek, and Olayton counties in the valleys of the
Mississippi and its tributaries>. In these outcrops it has two
phases- a hard sandstone, whose grains are embedded in a dolomitic matrix, a s at Lansing, 'a nd a soft stone, so destitute of limy
cement that it can be readily excavated with pick and shovel, as
a t McGregor.
West of McGregor, as far at lelast as Oharles Oity (Pl. V), it
forms a well-defined bed about 75 feet thick, and to the southwest, at Waverly (PI. VII) and Sumner, it is ,s,till thicker, reaching 110 feet or more. At Manchester (PI. VI) it occurs as 86
feet of clean quartz sand, including four feet of highly arenaceous and calcareous shale. At Waterloo (PI. VI) it attains a
thickness of nearly 50 feet. At Anamosa (PI. IX) it reaches
nearly 100 feet, including calciferous sands,tones, both above
and below the main body of pure quartzose sandstone. At Monticello the drill penetrated it for 59 feet. At Oedar Rapids (PI.
XI) the data are very meager; but a distinct water-bearing sandstone, nearly 50 feet thick, is indicated at this horizon, with
clo.s er-textured ,s'a ndstones in juxtaposition both above and below. At Ackley (PI. VI) it is represented by calciferous sandstones. A gap' occurs here of 100 feet, from which no drillings
were saved.
In central Iowa either the' limestones intervening between the
Saint Peter and the Jordan greatly increase in thickness, OT the
'Wlnche ll, N. H., Geo!. and Nat. His't . Survey Minnesota, vol. I, 1884, p. 255.
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.J Qrdan be.cQmes indistinguishable in the rapidly changing assemblages Qf sandstQnes, dQlQmites, and shale.s which in this area
pass dQwnward frQm the ShakQpee dQlQmite. If the fQrmer be
true the JQrdan is encQuntered at Ames (PI. XI) 600 feet belQw
the Saint Peter Qn a well-marked sandstQne, 100 feet thick, CQmPQsed Qf clean quartz in well-rQlled grains. At BOQne (PI. XI) ~
hQwever, this hQrizQn is held by sandstQnes, clQse textured and
fQr the mQst part calciferQus.At Des MQines (PI. XIII) no. attempt has been made to. divide the Cambrian into. the fQrmatiQns
Heen farther ·east. In sQutheast IQwa few deep wells reach the
JQrdan. At BurlingtQn (PI. XIII) the JQrdan, if it is pres,ent,
lies within a space Qf 300 feet frQm which no. drillings were Qbtained; abQve this space the strata are clearly Prairie du Chien,
and belQw it they are different beds Qf the Saint Lawrence Qr
Dresbach fades . At Centerville (PI. X) the magnesian .s eries
extends dQwnward frQm the Saint Peter for mQre· than 700 feet,
withQut reaching any heavy sandstQne cQmparable to. the J Qrdan
nor any glaucQniferQus shales Qr marls Qf the Saint Lawrence
type.
LITHQLQGIC CHARACTER.

Typically the J Qrdan is. a IQns.e -textured sandstQne cQnsisting
Qf rolled grains Qf clean quartz sand, white Qr light gray in
cQIQr. In many places the grains are abQut as well sQrted and
as perfectly rQunded and grQund by abrasiQn as are the quartz
spherulesl Qf the Saint Peter. In certain beds" hQwever, dQIQmitic grains appear amQng the drillings, indicating either a calcareous matrix Qr thin interbedded layers Qf dQIQmite. The
driller reeognizes the J Qrdan by these characteristics and by its
place as the fir.s,t heavy sandstQne belQw the Baint Peter, frQm
which it is separated by an interval Qf nQt less than 300 feet. ·

ORDOVICIAN SYSTEM
PRAIRIE DU CHIEN STAGE.

Prairie du Chien stage is a term intrQduced into. geQIQgic literature in 1906 to. designate the str,a ta fQrmerly called "LQwer
Magne.s ian limestQne." This! ,s tage is divided, frQm the bQttQm
up, into. OneQta dolQmite, New RichmQnd sandstQne, and ShakCi-
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pee dolomite. The New Richmond, however, is in many places
ill defined or absent.
DISTRIBUTION.

The Prairie du Chien is a distinct cliff maker, and since it is
both underlain and overlain by weak sandstones it rises in bold
'e scarpments and castellated walls along Mississippi river and
aU of its tributaries from the northern boundary of the state
nearly to Guttenberg. Owing alBlo to its resistant quality it is
distinctly an upland group of strata, and forms much of the
country rock of Allamakee and northeastern Winneshiek counties. In the bold cliffs in which the P rairie du Chien outcrops
at Prairie du Chien, Wisconsin, opposite McGregor, and to the
north along the Mississippi and its tributaries, it has nowhere
been found to measure more than 250 feet. In well sections,
however, it appears as not less than 300 feet in thickness. In
northeastern Iowa, where the dolomites are well demarked by
the Saint Peter and Jordan sandstones, the Prairie du Chien .
varies in thickness between 300 and 400 feet. To the west in
northern Iowa it maintains a thickness of 300 feet at Mason City
(PI. vy and of 375 feet at Ackley (PI. VI). At Fort Dodge (PI.
VI) 300 feet may with certainty be assigned to this terrane. In
centl'lal Iowa it seems to thicken and appears to reach 600 feet
at Ames (PI. XI) and nearly as much at Boone (PI. XI) ; at Des
Moines (PI. XIII) it iSIprobably 400 feet thick, although its base
there can not be accurately determined. In southeastern Iowa,
at Burlington (PI. XIII), it can hardly measure les.sl than 500
feet. At Centerville (PI. X) more or less aTenaceous dolomites
of Prairie du Chien facies were still present when the drill had
been driven 700 feet below the base of the Saint Peter, and
n~ither clean sandSltones nor glauconiferous shales were found
to indicate that the Cambrian had been reached. South and west
of Des Moine·s no wells have penetrated to this horizon.
LITHOLOGIC CHARACTER . •

In all parts of Iowa, unless it be in the extreme northwest, .
wherever the drill has reached the horizon of the Prairie du
Chien it haS! not failed to find it with the lithologic characteris-
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tics of its outcrop quite: unchanged. Everywhere it is completely
. and perfectly dolomitized. Drillings are mostly in the form of
gray or light buff, sparkling dolomitic sand. So hard is the
rock that chips of any size are rarely preserved. When such
are found they show 13. characteristic porous or vesicular texture. Heavy beds of dolomite occur which are quite free of
arenaceous materi·al, but with them are always to be found sandy
dolomite.s and thin interbedded dolomites and sandstones. When
a complete series of drillings is at hand the Prairie du Chien
exhibits a :r.apid alternation of beds differing in their arenaceous
content, and sections based on a few widely separated samples
can not be reckoned reliable in detail. Quartz sand, native in
part but no doubt also in part fallen from the Saint Peter, is so
common in drillings from strata at this horizon that the rock is
designated "sand and lime" in many drmers' logs. Chert is
another invariable constituent of the Prairie du Chien. U suaIly
white in color, it is DJot accompanied by the bluish translucent
chalcedony characteristic of the ge ode beds of the Mississippian.
In places a siliceous oolite is found, both in outcrop~ and in
drillings; in the latter it is recognized by the white, round grains
of chert broken from their matrix ·a nd showing- concentric structure on fractured surfaces.
The .sla nd grains of the Prairie' du Chien are generally r ounded,
of clear quartz similar in facies to the Saint Peter and Jordan
sandstones. The New Richmond sandstone, however, in many
places displays, both in outcrops and in well drillingSi, grains
which under the microscope show pyramidal secondary enlargements of crystalline silica in optiCial continuity with the original
grains. The. e crystal facets give a· distinctive sparkle to the
sand in mass.
Along with these typical features of the Prairie du Chien are
others that are local and exceptional.
Such are marly beds,
which yield drillings of whitish gray or pink powder that effervesce.s· freely in strong hydrochloric acid, leaving a clayey and
minutely quartzose residue. Thin beds of green or red shales
·occur in some places. Especially worthy of note is a sandy
shale found in places as the upper part of the Shakopee dolomite immediately underlying the Saint Peter sandstone j at

GEOLOGY

79

Boone (PI. XI) this shale is 10 feet thick and at Anamosa 40
feet (PI. IX). The Shakopee is distinctly argillaceous at Belle
Plaine. At Holstein 'a red caving shale occurs 20 feet below the
bottom of the Saint Peter; and at Sanborn, according to the
driller's log, shale and sand 'e xtend for 200 feet below this level.
(See PI. XVII.) .
A wholly eX'ceptional facies, is that shown in a drill hole sunk
for oil near Maquoketa (PI. X), the driller's log of which states
that for 241 feet below the Saint Peter there ,e xtends 'a brickred argillaceous sandstone, of fine, rounded gI'lains, including
seams of red shale. As only one ·sample waSI supplied for the
entir'e 241 feet, it was the writer's first impression that the
drilling might have been colored by particles resulting from the
continuous caving in of a comparatively thin bed of red shale
situated near the top of the Shakopee. But the log wtas made
out with unusual care by the foreman in charge of the work,
and an inspection of the discharge from the sand pump, made
after the work was nearly done, showed ,so large an amount of
the red sandstone as to give much support to the statement of
the log. If the unconforinity believed by some geologists to exist
between the Shakopee and the Saint Peter is! found in eastern
Iowa, the sandstone in question may be a continental deposit in
a ,small trough or basin, cov,ered on sUbsidence by the Saint Peter
sandstone. So unlike is it to any other body of rock belonging
to the Saint Peter or the Shakopee in Iowa that the writer has
not classed it with either terrane.
The pres,ence of . rocks of reddish color underneath the Saint
Peter is reported in a number of wells in Minnesota and Illinois,
though never to such a thickness as at Maquoketa. Thug, in
Minnesota the deep well at East Minneapolis. shows 102 feet of
red limestone 'a t this horizon,' and the well at the West Hotel' a
dolomitic limestone 82 feet thick, reddish in color at top. In
Illinois a red marl immediately subjacent to the Saint Peter is
reported as 32 feet thick at Lake Bluff,' 45 feet thick at Winnetka,' and 40 feet thick at Joliet: At the paper mill at Moline
, 'red marl and limestone" 316 feet thick is reported at this
'Hall, C. W ., Bull. Minnesota Acad. Nat. ScI., vol. S, p. 139.
'Stone, Leander , Bull. Chicago Acad. Ecl., vol. 1, p. 96, 1886 .
' Levere tt, Fra nk, Eeventeenth A~n. Rept. U. S. Geol. Survey, pt. 2, 1896, p. 799.
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horizon, and Iflt the Easlt Moline well the Saint Peter is underlain by 105 feet of limestone r esting on 35 feet of red marU
If the red argillaceous s andstone at Maquoketa be not a continental deposit, it must be placed with the Shakopee.
SAINT PETER SANDSTONE.
DISTRIBUTION.

The.Saint Peter sandstone; which overlies the Prairie du Chien
stage, is one of tb,e most remarkable water-bearing formations
of the state. Owing to its slight resistence to weathering and
erosion it outcropsi only in a narrow, sinuous belt about the
outer margin of the Prairie du Chien. In the valley of .Mississippi river it is seen in the sides of the bluffs as fta r sio uth as
Dubuque, and in the valley of Oneota river and its tributaries
it extends a short distance into Winneshiek county. Its chief
exposures are, however, in Allamakee county. It consists of a
bed of sandstone, normally white but in many places stained
with iron oxide,s" which reaches a thickness of 70 to 100 feet . .
The thickness of the formation, as disclosed by the deep wells
of Iowa, differs widely, though not so widely as in Wisconsin,
where, owing to the irregular surface of the Shakopee, on which
the Saint Peter was laid, it ranges in thickness from 200 feet in
troughs to an exceedingly thin layer on crests of the underlying
dolomites. In the Iowa wells the maximum reported thickness
is 110 feet at Emmetsburg (PI. XVI) and the minimum 15 feet
at Pella (PI. XIV).
The Saint Peter probably underlies the entire state, except
the .extreme northwestern part. In the southwestern part it
has not yet been reached, but its recognition at Lincoln, Nebraska, 2 and at different places in Missouri makes its presence
there not improbable.
The Saint Peter reaches its highest ,elevation in Allamakee
county, wher.e it lies not fla r from 1,200 feet above sea level. It
sinks continuousil y to ' the southwest , and at Des Moines, where
last found in deep drilling (PI. XVI), it lies at 1,114 feet below
. sea level, or more than 2,300 feet below its ,e levation in the north' Udde nl...J. A ., Sev e nt e enth Ann . R e pt. U . S. Geol. Survey, pt. 2, 1896; p . 848.
'Sixth J:ll e nn. R e pt . Nebraska Commis s ion e rs Public Lands and Buildings, 1888,
pp. 59-84.
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east corner of tlie state. In northern Iowa it dips both from the
east and from the west toward the median line of the' great syncline of the Paleozoic strata, and in southe.astern Iowa it rises
in the Ordovician dome, so that it stands higher at Burlington
arid Keokuk than ·a t Davenport and Mount Pleasant. The formation is so important, being the first 'of the great series of waterbe.aring beds which constitute the aquifers of the Iowa artesian
system, and it is so easily recognized by the driller and the layman, that its elev,a tion above sea level is presented on the map
(PI. I, in pocket).
LITHOLOGIC CHARACTER.

• In its outcrops the Saint Peter is a massive homogeneous bed
of sand, so loosely cemented that it is readily excavated with the
spade. Hand specimens of any size are difficult to obtain. No
traces of lamination or oblique stratification appear, and the
few ill-defined bedding planes ar,e' 10 to 15 feet apart.
The individual grains are exceptionally uniform in size. They
are of clear quartz, worn no doubt from the crystalline grains
of acidic igneous rocks and representing the survival of the
hardest. In this respect they differ from the varicolored grains
of the Dakota sandstone and the sand beds of the drift. They
. are also remarkable for the perfection of their rounding. The
smoothness of these spherules and their "millet seed" appearance suggest that they suffered long attrition under the winds
of ancient deserts before they were deposited in the sea. Their
shape distinguishe.sl them from the subangular sands of the Coal
Measures and from the faceted grains of the New Richmond, as
well as from tho se Cambr1an sandstones that are composed of
minute angular particles of quartz.
The transition from the Saint Peter, either to the beds above
it or to those b elow, is not everywhere abrupt. Arenaceous shales
may intervene between it and the Shakopee dolomites, and still
more commonly the Shakopee seems to include thin beds of sandstone. The.sle sandy beds were noted in the field by McGee, and
led him to classify the Shakopee as a part of the Saint Peter:'
'McGee, W J ; Eleve nth Ann. R e pt . U. S. G. S ., 1889-1890, pt. 1, p. 332.
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To recognize' such sand beds in the drillings of deep wells is far
more difficult, but probably the considerable 'a mount of quartz
,&and in many wells, mingled with dolomitic chips .from the Shakopee, comes from intercalated sandstone beds rather than from
above or from sand disseminated throughout the limestone. At
Boone and Sabula the Saint Peter apparently includes interc'a lated beds of sandy :shale. The Saint Peter is also in places
overlain by transiti/onal sandy shales and limestones, the deposition of which in some areas inaugurated the Platteville epoch.
At Des Moines a brown arenaceous dolomite, 30 feet thiGk, is
parted from the Saint Peter by a hard gr,een shale 10 feet thick.
(See PI. XII!.) At W'a shington (PI. X) the Saint Peter is overlain by a thin bed of sandy shale. At Charles City (PI. V) a
stratum, 70 feet thick, of fine-grained argillaceous s~ndstone'
rests on Saint P'e ter of normal facies. At Mason City (PI. V)
a yellow, highly arenaceous dolomite 20 feet thick, and at Belle
Plaine (PI. VIII) a thin bed of arenaceous limestone occupy this,
horizon. At Postville (PI. V) the Saint Peter was apparently
-encountered at 755 feet above sea level; but, after passing
through 14 feet of this ,slandstone, the drill entered limestone of
Platteville facies, in which it continued to 689 feet above sea
level, when it r,eached an arenaceous, nondolomitic limestone,
which continued 13 feet to the bottom of the boring. If studied
in the field, it is probable that some of these arenaceous transition beds would be classed with the Saint Peter, but for the purposes of this investigation it has seemed better to place them
with the superjacent or subjacent formations.
ROOU':S BETWEEN THE SAINT PETER SANDSTONE AND THE MAQUOKETA SHALE.
SUBDIVISIONS.

Upon the Saint Peter sandstone r,e:s,ts a series of limestones,
shales, and dolomites which extends upward to the base of the
Maquoketa shale. The upper dolomitized beds of this series
have long been known 'as the Galena dolomite, while the lower
limestone and shales have usually been termed the "Trenton."
In the report of the senior author of the artesian wells, of Iowa'
'Rept. Iowa Geol. Survey, vol. 6, 1896, pp. 145 ff .
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"the 'entiN3series was treated as' a single formation, called the
"Galena-Trento'n ," 'whose 'strata were shown to 'be affe-cted by
; dolomiti~ation to varying depths at different places,. Since the
_publrcation of this report an intermediate formation, the Decorah
shale, has been discriminated. 'The calcareous beds which overlie the Decorah shale are now known as the" Galena dolomite,"
'while 'the limestones and shales which intervene be'tween the
.Decorah shale and the Saint Peter sandstone are termed the
'''Platteville limestone." These formations rise to the surface
in northeastern Iowa in a very broken and irregular area, wllich
ex-tends, from the northwestern part of Winneshiek county as
- far south as Benevue in Jackson county.
PLATTEVILLE LIMESTONE AND DECO;RAH SHALE .
_.. ': ~

In well sections the J:>latteville is singularly persistent. It
embraces a shal,e bed immediately overlying the Saint Peter~
the Glenwood shale of the Iowa, State Survey-and an overlying
body of limestone. Few wen sections in Iowa reach the horizon
of the Saint Peter without. finding either this bas,al shale of the
Platteville or the higher Decorah shale, although in many wells
the three divisions can not be made out.
The shales. of the Platteville limestone and the Decorah shale
are typically rather harder, darker, and a brighter green than
the Maquoketa shale. Even where no record or sample of th!'lID
is preserved characteristic chips, evidently fallen from above,
are sometimes brought up from lower levels. At Manchester
(PI. VI) both the Decorah shale and the basal shale of the
Platteville were found, the Decorah being five feet thick and
carrying Orthis perveta ' Conrad, Strophomel1,a trentonensis
W. & S., and several Bryozoa. A body of typical earthy bluegray Platteville limestone, 72 fe et thick, here intervenes between
the two beds of shale, the lower one of which is lonly seven feet
thiCk. In northern Iowa, at Hampton, the basal s,hale of the
Platteville is 40 feet thick; at Charles City (PI. V) 70 feet of
arenaceous shales are overlain by 90 feet of more typical shale;
at Waverly (PI. VII), Sumner, Maquoketa (PI. X) and Clinton
(PI. XI), the Platteville limestone and Decorah shale are well
exhibited, their total thickness in the laslt two places measuring
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about 100 feet, including the shale at the base ,of the Platteville.
In northwestern Iowa the basal shale of the Platteville reaches
50 £eet at Sanborn (PI. XVII), 95 feet at Emmetsburg (PI. XVI),
110 feet at Mallard (PI. XVI), and somewhat less than 50 feet
at Oherokee and Holstein (PI. XVII). At Des Moines the basal
shale member of the Platteville is also present, and the Platteville and Decorah have a combined thickness of 50 feet (PI.
XVI), but the limestone of the Platteville is, exceptional in that
it is ·dolomitic. In southeastern Iowa the Platteville reaches. a
thickness of 90 feet at Pella and 100 feet at Burlington. (See
PI. XIII.)
The Decorah shale extends to the extreme southwest corner of the state; for in the deep boring at Nebraska Oity, Nebraska,
it was found at a depth of 2,754 feet, and its identification by
stratigraphic and lithologic characteristics was amply confirmed
by Ulrich's determination of the distinctive foss,ils Stictopom
angularis and Dalmanella sttbaequata var. minneapolis (?).
In a number of places the Platteville limestone includes a
brown bituminolls shale from which the drill chips, fragments
that readily give forth long flames when ignited. This is the
case at the Platteville outcrops near Dubuque. In southeastern
Lowa this bituminous shale occurs at P,ella, Letts, Washington,
and Burlington. Its presence is of special interest, for it is from
this horizon that the natural gas and petroleum of some large
fields in other states rise to be' ,s tored in the reservoirs of overlying rocks. The presence of bituminous shale or other bituminous rock as a source is but one of the conditions for the accumulation of these alluminants in paying quantities. As no oil or
gas has been found in the wells which reach the Platteville, even
where the formation is bituminous, it is evident that some of the
other equally necessary conditions do not exist in Iuwa in any
area yet explored.
The limestone of the Platteville' is typically compact, blue or
gray, more or less argillaceous, and in many places fossiliferous j
under the drill it is. broken to rather large flaky chips of earthy
luster. The magnesian content is not sufficient to prevent brisk
effervescence in cold dilute hydrochloric acid.
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In places the Decorah shale is lacking or unreported, and here
no definite 1;>oundary can be drawn between the Platteville limestone and the overlying Galena dolomite.
GALENA DOLOMITE.

The Decorah shale is. overlain by a heavy body of limestone or
dolomite, known as the Galena dolomite, which extends upward
to the base of the Maquoketa shale. In its outcrops in Dubuque
county, where it is a marked cliff maker along the · bluffs of the
Missis,sippi river and its tributari~s, the Galena is known as the
lead-bearing rock, and is a rough, vesicular, buff, cherty and
c.:rystalline dollomite. More or less of the formation is completely
dolomitized in other CQunties of it's outcrop in northeastern
Iowa, but dolomitization is, by no means universal. In well sections the formation varies, at the same horizons. from a rather
soft nonmagnesian limestone similar to the Platteville to a
crystalline dolomite entirely similar to those of its, outcrops near
Dubuque. Thus in passing from Dubuque 40 miles west to Manchester the Galena changes from a homogeneous body of heavily
bedded dolomite fronting the Mis,sissippi in a wall 250 .feet high
.to a series of thin-bedded, earthy, blue and gray limestones.
Dolomite is absent also at Waterloo and Waverly. Where only
a part of the forma.tion is dolomitized, as at Sumner, Charles
City, and Hampton, it is generally the upper portion. Dolomitic beds are present at Anamosa, Monticello, Clinton, Cedar
Rapids, Tipton, Boone, and Fort Dodge. West of Des Moines
river only dolomites occur in the samples of the drillings of this
terrane. In oentral Iowa the formation is wholly dolomitic and
in southeastern Iowa either the entire formation or the great
bulk of i~ is either dolomitized or is crystalline and strongly
magnesaan.
THICKNESS OF THE PLATTEVILLE, DECORAH, AND GALENA FORMATIONS.

In northeastern Iowa the Galena, Decorah, and Platteville
formations have ~ combined thickness ranging from 300 to 350
feeL At Vinton their combined thickness is 401 feet, and at
Waverly it is 420 feet. In northern Iowa. these formations per:sist far to the west. At Charles City (PI. V) they together
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measure 380 feet, at Mason Oity (PI. \1) 405; feet, 'at Mallard
(PI. ' XVI) 375 feet; and at EIIlIhle tsburg (PI. XVI), hardly less
than 300 feet. At Osage (PI. VII) they appear to be about '500
feet thick, but the apparent increase is probably caused by including dolomitic portioris of the Maquoketa. At Holsttein mag·
nesian limestones at this horizon aggregate 500 feet in thickness, and at Oherokee they measure 300 feet. (See PI. XVII.)
In the extreme northwestern part . of Iowa the formations appear to thin and may feather out. At Sanborn (PI. XVII) the
driller's log places, a bed 50 feet thick of "shale with streaks
of ro"ck' 'immediately above the ,Saint Peter, and this bed may
represent the entire thicknesS. ot the three formations, Galena,
Decorah, and Platteville. In central Iowa the combined thickness probably attains its maximum, measuring 410 feet at Boone
and 508 feet at Des, Moines. (See PI. XVI.) In 'southeastern
Iowa it thins markedly. At Pella the beds measure 350 feet, at
Burlington 273 feet, and at Mount Pleasant 256 feet. (See PI.
XIII.)
MAQUOKETA SHALE.
DISTRIBUTION.

The heavy bed of dark bluish gray clay shale overlying the
Galena dolomite is known as the Maquoketa shale. It forms, a
thin surface cover over the Galena in a broad but broken belt
across Winneshiek and Olayton count~es, and it outcrops here
and there along Mississippi river and its tributaries as far south
as Olinton: It disintegrates so rapidly as to allow the massive
overlying Niagaran limestone to form a bold mural escarpment
extending along the entire length of Turk;ey river on the wes,tern side-an escarpment that clearly marks not only the south
and west limits of the Maquoketa as country rock but .also fixe:::
the western boundary of formations .of the Oambrian and
Ordovician rocks.
The Miaq-q.oketa varies greatly along its narrow outcrop from
Olinton northwest to the Minnesota line. To the southeast it is
a heavy body of shale. Thick;ening to the northwest, it comes to
include ari upper shale 125 feet thick, a medial bed of cherty
magnesia~ limestone in places 50 feet thick, and lower beds of
shales and shaly limestones which ~ay locally attain a thick-
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ness of 100 feet; in well sections this triple division, which was
perhaps first observed in this investigation, is well demarked.
Again, in many well, as in its outcrops in J acks()n and Clint9D
counties, the formation may be a single undivided body of shale.
The tripartite division obtains in northeastern Iowa and extends
west at least as far as Ackley. Thus at Sumner the Upper Maquoketa measures 80 feet, the Middle 70 feet, and the Lo'w er 50
feet. At Manchester (PI. VI) the median bed is 'represented by
a thin bed of limestone situated about 50 feet from the bottom of
the terrane. At Waterloo (PI. VI) the upper beds are 160 feet
thick, the middle 75 feet, and the lower 30 feet. At Charles City
(PI. V) the Middle Maquoketa is 30 feet thick, and at Ackley 21
feet (PI. VI). At Hampton the main body of shale is as usual
the Upper Maquoketa, and below it are · ranged alternately two
beds of limestone and two of shale, each about 20 feet thick. At
Fort Dodge alsio beds 0'£ limestone occur at several horizons
within the supposed limits of the formation. Southward from
northeastern Iowa the Maquoketa appears as an undivided body
of shale, as might have been expected from the disappearance of
its median limes~nes along its southern outcrops.
LITHOLOGIC CHARACTER.

r:rhe shales of the Maquoketa are both softer and paler than
the Cambrian shales, and they lack the arenaceous content found
in many plaoes in thelatter. Their bluish rather than greenish
tint helps to distinguish them from the Decorah shale. They are
not arenaceous:, as are some of the Mississippian shales, and the
absenoe of carbon and the presence of lime serve to distinguish
them from many of the Pennsylvanian shales. They resemble
most nearly the shales of the Kinderhook stage (Lower Mississippian). Drillers know them by the forcible and not inappropriate term of "mud-rock" shales, since they appear in the
slush bucket as a blue mud. Drillings are preserved in hard molded masses of concreted clay, gritless but calcareous and magnesian. In places the Maquoketa is highly pyritiferous. It includes in some areas bituminous brown .shales. These are found
near the base of the formation in the wells at Monticello, Tipton
and Anamosa, and in the drill hole near Maquoketa s'u nk for
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oil. This drill hole was sunk because of a show of oil found on the
surface of a spring, or sink-hole pool, nlelar the site where the well
was afterwards drilled, and if this crude petroleum was derived
from any ,s ubterranean source it probably came from the Maquoketa horizon. At Grinnell (PI. XV) bituminous shales 20
feet thick occur 70 feet below the assigned top of this formation.
SILURIAN SYSTEM
NIAGARAN DOLOMITE.
DISTRIBUTION.

Among the best water-bearing rocks of eastern Iowa must be
ranked the Niagaran dolomite, the only formation of Silurian
age that outcrops in the state_ Beginning at the prominent
Niagaran escarpment which borders Turkey river along its entire
course, filling the great eastern bend of Mississippi river to Davenport, and lying east of a slightly irregular line drawn from
West Union to Muscatine stretches the area over which this
limestone outcrops or lies immediately below the drift.
LITHOLOGIC CHARACTER.

Except at one or two localities the Niagaran is completely
dolomitized. Chert is not uncommon, especially in the lower
beds. Minor differences in color and texture chara.cteristic of
the subdivisions of the Niagaran can seldom be discriminated in
well drillings. Lithologically, the Niagaran of wells situated
near its outcrops and for some 'distance west is a light buff, gray,
or bluish dolomite, commonly subcrystalline and vesicular. Under the drill it may be crushed to sparkling sand and drillers
may therefore report it in well logs as "sand rock."
Field surveys have shown that the Silurian pinches. out in
northern Iowa until the Devonian overlaps; upon the Maquoketa
shale, and the same condition is flonnd' in wells. The formation
at the Tipton outcrop is 325 feet thick, but at Waterloo it has
thinned to 107 feet and at Waverly to 50 feet. (See PI. VII.) At
Osage (PI. VII) but 150 :Deet seems to be left for the combined
thickness of both Silurian and Devonian. At Hampton but 80
feet can be allowed for the Niagaran. At Charles City (PI. V)
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the Silurian may reach 180 feet, but as the rocks assigned to
this horizon -are not lithologically characteristic the estimate
may be a good deal too large and may include some rocks properly belonging either to the Maquoketa or to the Devonian.
West of its area of outcrop the Silurian suffers: lithologi(~
changes which make its boundaries in many places difficult to
determine. Thu'sl, at Charles City (PI. V) it is supposed to indude a considerable amount of more or less argillaceous limestones that . can hardly be assigned to the Maquoketa, because
they would increase its thickness beyond probable measures.
,Vestward from Cedar Rapids, along the line of the Chicago &
North Western railway, the Niagaran facies is retained at Belle
Plaine, where the formation measures 345 feet. (See PI. XI.)
At Marshalltown the Silurian is diminished to about 300 feet
and includes brown magnesian limestones and nonma,gnesian
cherty limestones; several samples show more or less gypsum.
At Ames and Boone the Silurian includes dolomites, thin shales,
and more or less magnesian sandstones and limestones, the upper limit being drawn with great uncertainty, chiefly on stratigraphic evidence. At Ackley the Niagaran comprises about 180
feet of dolomite, but at Fort Dodge, farther west, the strata
have s:o changed lithologically that the summit of the Silurian is
very uncertain. (See PI. VI.)
In southeastern Iowa the Silurian includes a calcif,e rous, sandstone, which at Washington is reported to be 100 feet thick.
At Des Moines (PI. XVI) arenaceous beds occur near the base
of the terrane; at Centerville they are 50 feet thick and are compo s:ed of fine grains of clear quartz, moderately well rounded
and sorted, many grains showing secondary enlargements whose
facets give a peculiar sparkle to the drillings. Beneath this
sandstone lies 60 feet of sandy limestone. At Ottumwa a sandy
limestone is reported at about this horizon.
SALINA (?) FORMATION.
LITHOLOGIC CHARACTER.

West and south of its outcrops . the Siluria]) (Iomprises nn
assemblage of limestones and in places red, ferruginous, gypsiferous marls and beds of anhydrite, which seem best tentatively
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referred to the Salina, although this terrane has not been positively identified west of the Great Lakes. Gypsum and anhydrite
are uncommon in the rocks of Iowa. Isolated crystals of selenite
are present in some of the shales and beds of gypsum occur in
the Permian deposits of Webster county and in the' Saint L ouis
strata of :Appanoose county. Both of thes,e horizons are too
high to be correlated with the gypsum deposits found in the deep
wells. Apart from these two horizons drillings from Iowa Wlells
have shown gypsum or anhydrite only at the horiz on attributed
for good stratigraphic reasons to the Silurian. In this system,
however, these minerals are in places too conspicuous to escape
notice. Bits of white gypsum or of the harder anhydrite are
readily noted among the limestone chfps. The whole content
of the slush bucket may be a whitish mud concreting to tough
masses quite unlike marls of similar color. Under the microscope many specimens show a field largely occupied with broken
crystals of gypsum or anhydrite, whose identity is recognized
unmistakably by their brilliant colors under polarized light and
by their distinctive cleavages. Chemical tests confirm these observations.
DISTRIBUTION.

These deposits· are assuredly Silurian at Marshalltown, where
the Niagaran outcrop is but 75 miles to the east. In central and
southern Iowa the presence 'Of the Kinderhook above these beds
and of the Maquoketa shale below them' limits their horizon to
either the Devonian or the Silurian. It is most ~nlikely that
they can belong to both, and between the two the choice is not
difficult. The absence of such beds from the Devonian elsewhere,
their common presence in the Salina of the eastern United States,
and other stratigraphic reasons leave little doubt that the beds
in question belong to the Silurian and are of Salina age. The
presence of a bed of gypsum may therefore be used as a means
of correlation. At Des Moines, for example, where 588 feet
of limestone lies between the base of the Kinderhook and the
summit of the Maquoketa, the presence of gypsum 80 feet from
the top and of well-marked beds below leaves not more than '80
feet to the Devonian and more than 500 feet to the Silurian.
(See PI. XV.) On the same assumption, the Silurian at Grinnell

GEOLOGY

i

91

is assigned 414 feet, the gypsum beds being confined to the upper
247 feet; at Pella it is assigned 255 feet (PI. XIII), and at Mqunt
Pleasant, where the anhydrite beds are especially well markled,
about 100 feet. The uncommon thickness thus: alloted to the
Silurian at Des Moines and Grinnell leads to drawing the boundary between the Silurian and Devonian higher at neighboring
points, as at Boone and Ames, than u:tight otherwise be done.
.
(See PI. XI.)
If the sub-Mississippian gypsum of oentral and eastern Iowa
is considered Silurian, the horizon of the gypseous beds found
in southwestern Iowa below th'e Carboniferous may also be referred to the Silurian; but the area is: so remote from the outcrops of the terranes below the Pennsylvanian, and deep wells
are so few, that the geologic sections in the few deep drill holes
that pass below the floor of the Pennsylvanian can be made out
only with the greatest difficulty. In the well at Glenwood (PI.
XVIII) a 70-foot bed of gypseous: limestones and shales was
struck at a depth of 1,924 feet. If 262 feet of superjacent dolomites and magnesian limestones and· an included bed of sandstone are added, the Silurian will hav,e· a probable thickness of
332 fee't. At Bedford, 60 miles southeast of Glenwood, beds of
gypseous marl and limestone begin at 2,005 feet from the surface and continue to a.t l,e ast 2,350 feet. It is interesting to note
that here ferruginous red and pink limestones oecu! above the
gypseous beds, tending to confirm the suggestion that these beds
represent the deposits of the arid climate of the Salina epoch.
A.t Council Bluffs magnesian limestones referred to the Silurian
and destitute of gypsum form the chief bed.
Though the Silurian as: a wh01e thins out in northeastern
Iowa, it thickens toward central Iowa, maintaining a thickness
of more than 300 feet to the southwestern border" of the state.
In southeastern Iowa the local upwarp of the lower Ordovician strata causes a notable. thinning of the Silurian heds toward
the dome. Thus the Silurian at Davenport, 345 feet thick, thins
to some undetermined part of the 180 feet allotted to the combined Devonian and Silurian at Bu~lington and to a probable
60 feet at Keokuk. (See PI.' XII.)' At Pella the thickness of
the combined Silurian · and Devonian is 420 feet, at Mount
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Pleasant it is about half that measure, and at Burlington it is
compassed within 180 feet. (See PI. XIII.) The thickness of
the Silurian and Devonian at Centerville is, nearly 400 f.eet (PI.
X); 80 miles east of Centerville, at Fort Madison, it measures
only 142 feet (PI. XII).
DEVONIAN SYSTEM
The Devonian limestones ,a nd shales occupy a wedge-shaped
area whose wide base lies al,ong the northern boundary of the
state from Winnebago county to Howard county. Pointip.g southeastward and gradually narrowint, it comes to an apex in Scott
and Muscatine counties. The Devonian includes rocks formed
during three principal epochs. The uppermost formation, the
Lime Creek shale, which is of Upper Devonian age, is typically
expo·s ed in Cerro Gordo and adjoining counties, where it comprises blue and yellow shale (the Hackberry substage of the
Iowa State Survey) 70 feet thick, ov,e rlain by dolomite and shale
(the Owen substage of the Iowa Survey) exceeding 50 feet .- in
thickness.
In other parts of the state the uppermost Devonian formation is known as the Sweetland Creek shale, and in still other
areas it is repres.e nted by the State Quarry limestone of the
Iowa Survey reports. These three formations have been regarded as mor,e or less contemporaneous. Each rests unCODformably upon the Cedar Valley limestone. The medial formation of the Devonian-the Cedar ¥alley lime's:tone-is of Middle
Devonian age, and is the most widely distributed of the three.
It comprises an assemblage of limestones varying widely in
color and texture 'and argillaceous content, and in the northern
counties includes dolomitic beds:, but over most of the area the
magnesian content falls fa.r short of that requisite for dolomite.
The thickness of the Cedar Valley limestone in Johnson county
is estimated at 104 feet by Calvin. The 10Wlt'3:t Devonian formation-the Wapsipinicon limestone- is also of Middle Devonian
age. It consists of blue and yellow shales, cherty argillaceous
limes:tones, local beds of coal and coaly shales (the Independence
shale), gray lithographic limestones and breccia beds along
with liJIlestones of other types. The lowest beds of the Wap-

GEOLOGY

93

sipinicon a:re dolomitized and can not always be distinguished in
drillings from the Silurian dolomites.
These Devonian formations can be distinguished from each
other in some deep wells, but as a rule they can not be separated,
and it is with considerable difficulty that even the limits of the
Devonian as a whole are drawn. Thus. the highest shale of
th€ Devonian may be immediately overlain by shale of the Kin·
derhook group. Where this occurs and fossils are absent, the
discrimination has been found impracticable even in outcrops.
Certain shales in a well at Hampton are classified as Devonian
rather than Kinderhook, owing to their stratigraphic correspondence with certain heavy shales, apparently Devonian, that
outcrop at Sheffield. At Belle Plaine the highest shales of the
section are placed with the Devonian only because of the general
dip of the strata. of the region. (See PI. XI.) Apparently there
is in central Iowa a strong development of the Lime Creek shale,
but it can be 'separated from the Kinderhook only by more or
less arbitrary lines, drawn by the accepted areal distribution
and the supposed dip of the strata.
.
In discriminating the dolomitic beds ,of the Devonian from
those of'the Silurian, the Silurian beds, except thoSie of northerustern Iowa, are generally considered the more persistent and
the heavier. Though the al'1ea of outcrop of the Devonian is
",5rle, measuring about 75 miles on the north from east to west
the thickness of the terrane at any point on the area of outcrop
is not large. At Waverly (PI. VII) a well section shows a total
thiclmesls of only 70 feet of Devonian rocks, above which the
natural lo utcrops rise some 50 feet higher.
.
The greatest thickness attributed to the Devonian is at M;rshalltown (PI. XI), Ackley (PI. VI), and Hampton, where it
seems to reach 300 feet. At Grinnell (PI. XV) it is giVlen rus
about 200 feet and is largely shaly. At Homestead (PI. XV)
heavy shales below the drift lie at the Devonian horizon, but if
there is here a downwarp, the shales may be Kinderhook inIn sloutheastern Iowa the Devonian nowhere reaches.'
stead.
more than 175 feet in thickness. At Washington (PI. X) 100,
f eet can be as 3igned to it with som~ certainty. At Letts (PI..
'
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Mount Pleasant (Pl. XIII), ana Burlington the Devonian
somewhat ,exceeds 100 feet, and at Pella and Sigourney (PI.
XIV) it reaches about 170 feet. In several instances, however, the
rocks ascribed to the De'v onian may include more or less of the
basal p ortion' of the heavy Isha]es whose main body is unques~
tiona,b ly Kinderhook.
CARBONIFEROUS SYSTEM
MISSISSIPPIAN SERIES.
OUTCROPS AND SUBDIVISIONS,

~ Mississippian (Lower Carboniferous) rocks outcrop along a
belt of varying width extending from Kossuth' and Winnebago
counties on the north to Missrssippi river ,on the southeast, and
along the riVl8r from Louisa county to the Missouri state line.
The series embraces a wide variety of rocks. With two or three
exceptions its formations are not thick, and in well secti.ons
lithologic change is comparatively rapid.
The Missislsippian of the Iowa State Survey reports, and 'as
used in this 'report, comprises three major subdivisions which, '
from the bruse upward, are known as the Kinderhook stage, the
Osage stage, and the Saint L ouis limestone. The Osage stage
of this report, however, is not exactly the same as the Os,age
stage of the United States Geological Survey, since, for convenil8nce, the former includes at the t9P the lower part of the
W'a rsaw limestone, the upper part of the WaI'ls-aw being included in the overlying Saint Louis limestone, as that formation
is defined in this report.
KINDERHOOK STAGE.

The Kinderhook stage embraces a median heavy shale with
limestones above and below. In central Iowa the upper non·
argillaceous beds are Is,t rongly developed and furnish the white
oolitic and buff magnesian limestones of Tama, Marshall, Franklin, and Humboldt counties. In well sections it is quite impo!ssib1e to discriminate any hasal limestones from those of the Devonian, and it is in many places equally impracticable to discriminate the upper limestones of the Kinderhook from the
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overlying Osage limestones. The main body of shale, however,
is one of the be-st defined in the state, es:pecially in southeastern
Iowa. At Burlington, Mount Clara, and Mount Pleasant it runs
from 300 to 370 feet in thickness; at Fort Madison it is 268 feet
thick, and at Keokuk about 225 feet. (See PI. XII.) North
and west from its outcrop in the extreme southeastern part of
Iowa, the shale thins somewhat. At Ottumwa (PI. X) it
measures 165 feet, at Grinnell (PI. VIII) 170 feet, at Sigourney
(PI. XIV) 198 feet, at Pella and at Oskaloosa less than 125 feet.
(See PI. XIII.) In central and northern Iowa, as on the uplapd& of southeastern Iowa, the shales of the Kinderhook generally fail of exposure, as in preglacial time their outcrop
formed a belt of weak rock wasting to lower levels than the
area of stronger rock adjacent, and during the Pleistocene this
trough was deeply filled with drift. The absence of rock exposures, along a belt of considerable width bordering the line
of the westernmost Devonian outcrops may thus be explained.
In central Iowa the chief beds of the Kinderhook which reach
the surface are limestones. The section at MaI'lshalltown (PI.
XI) discloses a thickness of 145 feet for this division of the
Kinderhook and of 175 feet of underlying Ishales. At Ackley
(PI. VI) 207 feet of shale seems to belong to the Kinderhook.
At Hampton the 108 feet of shales immediately below the drift
falls into two divisions and, according to Williams,' the same
beds: occur at several points in the eastern part of the county,
giving rise to a line of springs.
West of a line passing through Marshalltown, Ackley, and
Hampton the shales of the Kinderhook greatly diminish in
thicknrelsls,. They are so scant at Ames, Boone, and Fort Dodge
that the boundaries of the Kinderhook are drawn with greatest
difficulty. At Dayton they are wholly absent so f.ar as the record
shows, although it is possible that the well may have failed of
reaching them by a few fee,t . Both at Boone and Fort Dodge
the base of the Kinderhook is arbitrarily draWn at a bed of thin
shales lying underneath argillaceous limestones·. (See PI. XVI.)
In southwestern Iowa, at Glenwood, shales 134 £eet thick occur
at the supposed base of the Mississippian, and at Bedford shales
thirty feet . thick are found at this horizon. (See PI. XVIII.)
'Williams, 1. A., Ann. Rept . Iowa Geol. Survey, vol. 16, 1906, p. 482.

96

UNDERGROUND WATER RESOURCES OF IOWA
OSAGE STAGE .

The rocks of the Osage stage immediately ov·erlie the Kin~er
hook. The basal limestones of the Osage are well known to ,all
drilleI'lS: in southeastern Iowa as the Burlington limestone.
Under the drill they break into flaky chips, many of which are
intensely white. Close examination shows that the apparent
crystalline structure of many specimens is due to the crys:talline
cleavages of the broken plates and stem joints of crinoids. In
places: the stone is made up almost wholly of crinoidal fragments, and where finer cementing material is wanting the rock
becomes full of interstices and p ermeable to water. The .lower
strata of the Burlington are somewhat thickly bedded with thin
partings. Toward the top they include chert and brown siliceous Ishales. The overlying beds of the Burlington are less
massiv.e and in many places parted by shaly layers. These
beds pas!s: upward into cherts (the Montrose Chert ,of the Iowa
Geological Survey), which form the top member of the Burlington and which outcrop along the bed of the Mississippi, giving
rise by their hardness to the Des Moines: Rapids, which le'x tend
from Montrose to Keokuk. Hard and resistant to the weather
as these cherts are, they pres-ent no special difficulty to the :experienced driller, for they are brittle, breaking easily under
the stroke of the· drill. and their angular white 'chips do not pack.
They occur either irregularly bedded in shattered seams or so
disposed in nodules that the solution of the limy content of the
strata. leaves them highly permeable and serviceable as water
beds.
On account of their purity the limestones of the Burlington
are highly soluble. Sink holes along the outcrops indicate where
the run-off floWls: rapidly down to subterranean channels' -excayated by solution along bedding planes and joints.
Above the Burlington limestone the Osage stage includes
cherty coarse-grained limestone and limy shales: (Koeokuk limestone), which at their outcrop abound in geodes-hollow shells
of chalcedony or of lime carbonate lined with crystals of quartz
or calcite. The presence of this formation is in some places indicated to the driller by chips of milky chalcedony and pieces of
broken crystals of clear quartz brought up in the slush bucket
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in some abundance. For convenience the' lower part of the Warsaw limestone ils: included in the Osage stage of this report.
SAINT LOUIS STAGE .

The Saint Louis limestone, the uppermost division of the Mississippian als: here differ,entiated, forms an important part of
the country rock over Ke'okuk, Washington, Henry, and Lee
counties, over minor areas in adjacent counties, and over StNY,
Webster, and Humboldt counties. Its. lowes,t division consists
of shale and shaly limestones, which properly belong to the Warsaw limestone, but which for convenience are included' in the
Saint Louis. A median divils[on consists of gray sandstones,
shales, and brecciated limestones, the sandstones predominating.
The upper division is made up largely of heavily bedded, impure magnes[an limestones with some marls. These different
subdivisions are distinguished in the shaUower wells of the
region of outcrop, but have not been traced to ,a ny distanoe from
their outcrop by means of the deeper wells .
THICKNESS OF OS'AGE STAGE AND SAINT LOUIS

L~MESTONE.

The geologic sections (PIs. V-XVIII) show that the combined.
thickness of the Osage stage and Saint Louis limestone 3)S, differentiated in this report varies within wide limits. The upper
surface of the MiJssissippian is everywhere a surface of erosion,
not only along its outcrops, but also wher,e it is parted by a
strong unconformity from the overlying Pennsylv,anian, and for
thi~ -reason inequalities of hundreds of feet are not unexpected.
The change of the Kinde'r hook from shale to limestone in passing
north and northwest from its outcrops in soutbern Iowa increases the thickness of the Mississippian above the shales, but
here the upper limestones of the Kinderhook can s-eldom be
discriminated from those of higher terranes. Along the eastern part of the belt of outcrop the terrane is naturally thin becaUi~ e of the absence of the superior members.
The thickness of the Mississippian above the Kinderhook
amounts to about 300 feet in the southeastern part of the state
(PI. XIV), where it pals~ses beneath the Pennsylvanian rocks,
measuring 270 feet at Pella, 300 feet at Newton, 306 feet at
7
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Sigourney, and 320 feet lat Dayton. Farther W2St it apparently
thickens, and at Centerville (PI. XVI) it measures 'a little more
than 500 feet.
A like thickening- is observed in central and
north-central Iowa. At Ames a thickness of 445 feet h;, assigned
to the Osage and the Saint Louis, at Boone (Pl. XI) 485 feet,
and at Fort Dodge 500 feet, although at each of these places
the base of the Osage is by no means certain. In northwestern
Iowa the Mississippian maintains a thickness Of mor,e' than 200
feet at Cherokee. In southwestern Iowa (PI. XVIII) it is given
355 feet at Bedford and 280 feet at Glenwood. At Lincoln, Nebraska, it seems to have nearly or quite disappeared.
PENNSYLVANIAN SERms.

SUBDIVISIONS.

Rocks belonging to the Pennsylvanian series or Coal
Measures lie at the surface or immediately beneath the drift
in most of southern Iowa and immediately beneath the Cretaceous rocks in western Iowa. (See fig. 6.) The series is
divided into two stages, the Missouri and the Des Moines. The
Missouri stage (Upper Coal Measur,e,s) occupie,s the southwestern part of the state and consists of shales and limestones. The
Des Moines stage (Lower Coal Measures) outcr·ops to the €'a st
of the Missouri stage, and i,s composed predominantly of shales,
with some sandstone and a few beds of limestone. Drill cores
and natural sections show in each group a rapid vertical lithologic alternation, and not infrequently the slush bucket brings
up from the cutting of the churn drill samples of thin alternating
layers of several different kinds of rock. Field exposures, show
rapid horizontal changes in the strata. Thick lenses of sandstone, for exampl,e, thin out in a few miles and are replaced
by argillaceous beds.
DES MOINES STAGE.

The .Des Moines stage occupies a belt 50 to 80 miles in width,
extending from the southern part of Humboldt and Wright
counties ,southeastward to the eastern half of the Missouri state
line. An outlier of about 80 square miles overlies the Devonian
al,ong Mississippi river in the southern part of Muscatine -and
Scott counties'.
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_At the base of the Des Moines ~s a sandstone which thouglJ
not everywhere present deserves special me~tion. In the deep
wells of eastern Iowa as. far west as Des Moines this sandstone
is absent from the deeper wells; in southwestern Iowa it occur8
in -all wells which reach its. horizon. At Atlantic it is 50 feet
thick, the uppermost half being ,a gray sandstone of finest. grain,
succeeded by five feet of sandy limestone, six feet of brown ,sandstone, and 15 feet of gray sandstone. At Glenwood gray sandF;tone of imperf.ectly rounded grains 107 feet thick, including
25 feet of chert and shale, lies immediately upon the cherts of
the Mississippian. At Bedford the sands,tone attains 160 feet
in thickness. (See PI. XVIII.)
The De's Moines 'stage in southeastern Iowa. consists at the
base 'of shales with some .sandstones and singularly persistent
thin lime-stone beds rarely exceeding one or two feet in thickness.
'rhese beds ar,e overlain by a series of persistent limestones
with shales and coal seams. At t~e ~op is the conglomerate, to
which Bain applied the name Chariton. On the whole, the well
sections of the Des Moines show a large pr,edominance of shales,
for the most part gray or blue in color, though heavy beds of
dark drab and blackish ,shales are not uncommon, and red shales
occur in many places. In composition they range from pure
clay shales to limy, or sandy, or carbonaceous shales, and thes,e
may shade off horizontally into limestones, sandstones, or coal.
MISSOURI STAGE.

The upper stage of the Pennsylvanian, knoWn as the Missouri,
occupies. the southwest corner of Iowa, extending from the middl,e of the southern boundary to the middle of the western, but
the hypothenuse of the triangle thus formed is overlain in the
north-central part by a very broken and irregular extension of
the Cretaceous. The sediments are chiefly calcareouS! shales interbedded with heavy and persistent beds of limestone. The
latter are remarkably ev,enly bedded and extend over wide areas.
Individual beds of limeslt one are much thicker than those of the
Des Moines stage, in places reaching a thickness of 50 feet or
more. About 11 divisions of the Mi,s souri sta~e have been plausibly discriminated by students -in the field, but as no attempt
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has been made to identify them in the deep-well records they need
no detail.ed mention.
PERMIAN

SERIES.

The strata tentatively referred to the Permian occupy ISO small
an area that their effect upon the distribution and quality of
underground waters is insignificant. The gypsum deposits in
the vicinity of Fort Dodge and the aSls:ociated red sandstones
and shales which have been tentatively r~ferred to the Permian
on lithologic and stratigraphic grounds are unfossiliferous . .
They lie unconformably upon strata 'of the Des Moines stage, or
where these have been removed by erosion, upon the Saint Louis
limestone. An eros1ion interval of considerable length thus separates the period :o f their deposition from the Des Moines epoch.
CRETACEOUS SYSTEM
DAI{OTA AND OOLORADO STAGES.

The latest terranes of the country rock of Iowa belong to the
Upper Oretaceous. They cover the northwestern part of the
state and extend a ragged and broken arm southward almost
to the Missouri line in Page county. Over much of the area
they occur in more or less isolated patches whose borders can
seldom be determined on account of the heavy cover of drift and
the infrequent outcrops. On the geologic map of the' state the
Oretaceous is indicated as a continuous formation over the area
embraced by its scattered outcrops.
The Oretaceous rocks of western Iowa belong to the' Dakota
and Oolorado stages. They overlie the Paleozoic formations
with pronounced unconformity. The Dakota is a coar:se-grained,
ferruginous sandstone, very poorly cement€d and locally interbedded with seams of clay. In places it includes beds of very
fine incoherent Isand. It is of the same age as the great aquifer
of the South Dakota artesian slope, but being separated from
that 'a rea by outcrops of the Sioux quartzite it does not show
the high artesian pressure which characterizes the formation
in the South Dakota field.
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Overlying the DakQta sandstone occur shales and calcareous
beds 'of the Colorado Is,tage. DriHers in western Iowa should
take speci,al pains to discriminate these from the pebbly clays
of the drifts.
TERTIARY SYSTEM
In a few localities patches of gravel and ,s and discovered beneath the drift hav,e' been tentatively referred to the Tertiary
system.
In T,ertiary and other preglacial periods the long disintegration and decay of the country rock produced ,a deep mantle of
residual material, which was not wholly swept away by the invas.ions of the Pleistooene ice sheets. Over the driftless area
residual clays remain continuous and heavy. Elsewhere they
have been largely removed by glaci,al erosion and are now found
in thin and scattered patches occupying depfle'ssions. in the rock
surface underneath the drift. Formed of the insoluble constituents of the country rock, they spread over the limestone and
-shale areas of the' state as stiff, plastic, and impervious clays
colored deep red or brown by iron oxides. Where cherts are
present in the parent rock their insoluble fragments may form
a large part of the deposit.
Deeay and disintegration, no doubt in large part preglacial,
have affected the country rock in another way which directly
concerns the distribution of ground water. Sandstones have
been broken down into beds of incoherent sand by the removal
of their cements, and heavily bedded limestones hav~ disintegrated into a surface zone of thin ISip alls by the detachment and
fracture of their constituent 1aminre. Thus has been opened up
beneath impervious residual clays and till sheets a zone of ready
p3Jssage for ground water.
QUATERNARY SYSTEM
PLEISTOCENE SERms.

The Pleistocene series in Iow,a comprises the deposits of five
distinct glacial sta.ges and of four interglacial sta~es. The deposits of the glacial inva.sions consist of stony clay,s~the ground
moraines of ancient ice sheets,-together with beds of sand and
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gravel sorted and laid by ' the waters of the melting ice. The
stI'latified and unstratified deposits together constitute the drift.
The deposits of the interglacial epochs include old soils, marsh,
and forest beds, and sands and gravels laid by the rivers of the
time. (See Pl. III, in pocket.)
NEBRASKAN DRIFT.

The oldest and lowest glacial deposit is that of the' Nebraskan
stage. It embraces both sands and g!'lavels laid down on rock
by streams deploying in frlont of the advancing glacial ice, and
al,s-o a ground moraine of blackish till bearing a large number
of greenstone pebbles.
'
AFTONIAN GRAVEL.

The Aftbnian interglaci,al epoch derives its name from Mton
Junction, Union county, Iowa, where heavy deposits of sands
and gravels ,were found lying between the Nebr8!skan drift and
that of the succeeding glacial ,stage-the Kansan. These type
deposits were at first Is upposed to have been laid down by floods
of the melting ice of the Nebraskan glaciers, but the recent discovery at a number of localities in western Iowa of Aftonian
gravels carrying a rich mammalian fauna.proves that they were
laid down during an interglacial time- whose climate was far
from boreal.
On ,the uplands these gravels are generally thin and in places
are entirely wanting; in the IO,w lands they form extensive beds,
in many places filling the pr-eglacial valleys to depths of 50 to
60 feet. To the same stage belong old soils and forest beds
developed ,on the Nebraskan drift sheet. In the southwestern
part of the state these layers bear decaying organic' matter
known by drillers as "sea mud," "stinking clay," and" black
muck," which not infrequently renders the waters of deep-bored
wells obnoxious.
1

KANSAN DRIFT.

The deposits -of the se'cond ice invasion consist largely of a
dayey till, dense, tough, and difficult to ,excavate, charged with
many small pebbles and Is parse bowlders. Little stratified ma'Calvin, Samuel, Bull. Geol. Soc. America, vol. 20, pp. 341-356.
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terial is intermingled or associated with the Kansan drift. The
till is blue-drab in color where unweathered, but so great is its
antiquity that it is reddened by oxidation to a considerable
depth. The Kansan drift was spread over all the state OUTi81de
of the driftless area, and to it belongs the larger part of r,he
stony clays pier<~ed by the drill in any county.
YARMOUTH STAGE.

In eastern Iowa, where the Illinoian drift sheet overlaps the
Kansan, there are found old soils and weathered mrfaces belonging to the interglacial stage cal1ed the Yarmouth. from the
villag€ of that name in Des Moines county. The gravel that is
- widely Ispreadover the Kansan drift in Buchanan and other
counties of northeastern Iowa overrun by the Iowan Ice <lnd
hen0e termed the Buchanan gravel, was prohably laid down in
Yarmouth time. Two phases are discriminated by the Iowa
State Survey-an upland .phase, heavily rusted and decayed,
and a valley phase of -s ands and gravels more quartzose in
character.
ILLINOIAN DRIFT.

Within the narrow belt of its occuuence along Mississippi
river in southeastern -Iowa the Illinoian drift cons~sts mainly
of a clayey till differing from the Kansan till in the larger proportion of dolomite pebbles which it carries, in a slightly less
compact ,structure, -a nd in a weathered zone of l,e's ser depth. The
upper surface of the drift sheet underneath its cover of loess
is marked by a leached gray soil and vegetal deposits of the
Sangamon interglacial 1stage.
IOWAN DRIFT.

The Iowan .d rift, 'a s discriminated by Oalvinl is recognized most
readily by the characteristic topography already described (p.
56). It is exceptionally thin. It consists ,of a light yellow clayey
till and numerolis large superficial bowlders, generally of
granite.
WISCONSIN DRIFT.

The late-s t ice invasion of the state laid down a ground moraine -o f clayey till containing a notably large proportion of

104

UNDERGROUND WATER RESOURCES OF IOWA

limestone pebbles. The slight extent to which it has been oxidized and leached of lime marks its recency. The drainage of
Wisconsin time was exceptionally vigorous. Gravel hills called
kames mark the places where glacial streams reached the
margin of the ice and threw down their loads. Outwash .sands
and gravels cover whole townships in continuous sheets, and
deep gravel deposits. were laid down by swollen rivers along all
waterways leading outward from the area of this drift.
LOESS.

Loess is a griUess loam intermediate in size of particles, between sand and clay. Because of its loose texture it is highly
permeable. Much of the surface yellow loess is underlain by a
blue-gray loess Isupposed by some to be of grle ater age. In
,o ther places it may graduate into a reddish loam intermediate
in texture and color between loess and the red residual clays or
the red weathered clays of the drift on which it rests.'
About the Iowan border and also over wide areas of the Illinoian drift the loess passes downward into sand by interbedded
alternate layers of the two depolsits. Such deposits are some·times referred to as subloessial sands. Loess. is widely distributed in Iowa, covering practically all the state except the
areas of the Lowan and the Wisconsin drift sheets, and being
found even upon these in some small patches.
ALLUVIUM.

Alluvial deposits consisting of many £e·e t of sand and gravel
alternating with clay and covered with silt and loam fill the
valleys of most of the larger streams to a considerable depth.
Much of this material belongs to deposits already described, but
is indistinguishable from the more :Decent beds·.
'Norton, W. H., Geology of Scott County; Iowa Geol. Survey, vol. 9, PP. 488-487.
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CHAPTER III.
GEOLOGIC OCCURRENCE OF UNDERGROUND WATER.
BY W. H. NORTON, HOWARD E. SIMPSON, AND W . S. HENDRIXSON.

CLASSIFICATION OF UNDERGROUND WATERS
In a prairie r egion of uniform and abundant rainfall~ such as
prevails throughout I owa, the permanent ground-water level
may be found at no considerable distance below the surfa0e,
and water suitable both in quality and quantity for domestic,
farm, and village supplies- may generally be obtained from shallow welLs. Many such shallow waters a~e too meager or too
liable to pollution to IDe€t the needs of industrial plants and of
towns and cities. Where large supplies of the purest ground
water are needed it has been necessary to resort to artesian
waters of the deeper zones of flow reached by wells hundreds
and in some places thousands of feet in depth.
The underground waters 0'£' Iowa, therefore, fali into two
groups. The first group, comprising those available for home,
farm, or village Is upply, commonly lie less than 100 feet and
rarely more than 500 feet below the surface, and are usually
obtained from bored, driven, or drilled wells, or in a few districts where the valleys are cut bene·ath the ground-water table,
directly from springs. These waters are frequently termed
shallow or local waters, as they are fed directly by local rainfall absorbed through the ,soils above. Wells drawing their supply from these sources· penetrate only the drift or superficial
deposits and the country rock-the rock terrane outcropping
in the area or immediately underlying the superficial deposits.
The second group of waters, those belonging to rock strata
buried below the country rock and circulating through the more
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permeable layel'iS> under greater or less pressure, are termed
artesian waters, and wells deriving their supply from such
waters are termed artesian wells whether they flow at the surface or not. Many cities and industrial plants resort to these
waters, while others utilize groups of ,shallow wells in alluvial
depo,sits or the surface ·waters of streams.
The line of separation between the country-rock waters and
the artesian waters, can not, however, be sharply drawn. In the
driftless a.rea in northe3Jstern Iowa the deep artesian rock systems rise and become country rock, and practically all the common wells are of the artesian class, though few exceed 500 feet
in depth. Artesian wells are also found in both the drift and
the country rock immediately under the drift, many of them at
depths much les's than 500 feet. And again in some portions
of the state ordinary wells pass through the shallow drift and
country rock into formations not exposed near the surface.
WATERS OF THE ROCK FORMATIONS
ARTESIAN FIEJ.JD.
UCCURRENCE OF WATER.

The artesian n eold of Iowa is but a part of an extensive area
of the upper Mis,s issippi valley where artesian conditions prevail-an area embracing southern Wisconsin and Minnesota,
northern Missouri, and a large part of Illinois. The chief water
beds, or aquifers, of the artesian system of this large area outcrop in Isouthern Wisconsin and Minnesota, so that these states
include the gathering ground from which the artesian waters
are collected. On account of the very gentle inclina.tion of the
strata and the thickness of the chief aquifers, the collecting area .
is exceptionally large, and this, together with the abundant rainfall of the region, insures the artesian field, as a whole, against
exhaustion.
From the intake area, or area of outcrop, the strata of ·the
artesian system have a general southward inclination. They
do not, however, show a uniform artesian "slope," but lie in
the form of a shallow trough open to the southwest. The axis
of the trough enters the Is tate from the north about midway
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between the eastern and western borders and leaves it at the
southwest corner. In southeastern Iowa the lower beds of the
PaJeozoic rise in a dome now covered and concealed by , later
Paleozoic formations. It is possible also' that in southern Iowa
begins the upward ;rise of the lower Paleozoic strata disclosed
in deep wells in north-central Missouri. As the strata of southeaslt ern Nebraska dip also toward the axis of the trough, the
Iowa field is somewhat spatulate, and needs only to be closed
by, a rise of strata to the southwest in order to form an artesian
basin. .
~o gentle is the inclination of the strata that the Cambrian
and 'Ordovician water beds remain within reach of the drill and
may be profitably exploited over all except the southwestern
part of the state, where the dip of the trough carries them so
Here, however,
deep that so far no well has reached them.
higher water horizons '0£ the same sy;tem are able in part to
take their place.
The map (PI. I, in pocmet) showing the distribution of artesian wells in Iowa roughly indicates the nearnes's ,of the chief
aquifers to the surface. Thus, in eastern and northern Iowa,
where wells are numerous, the depth to the aquifers is slight,
and toward the southwest, where they are fewer, the distance
to the water beds is. steadily incr;easing.
The Cambrian and Ordovician systems contain a number of
thick water-bearing sandstones which supply the deep wells in
the northeastern part of the state. These ar,e·, in downward
succession, the Saint Peter, New Richmond, Jordan, Dresbach,
and the dlder Cambrian sandstones. The Pale'ozoic formations
above the Saint Peter also contain water-bearing members,
chiefly limestones and sandstones, but these can .scarcely be compared with the sandstones already mentioned for the quality
and quantity of their water.
The Cr;etaceous system contains considerable water in the
Dakota sandstone,. which is its basal formation, and supplies
'many wells in the western part of the 'st~te.
The Pleistocene deposits, especially the beds of sand and
gravel, yield supplies to innumerable shallow wells in nearly
all sections, and are the most important source of water in the
state.

.
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QU ALITY OF WATER AS RELATED TO GEOLOGIC SOURCE,

To determine with accuracy the quality of water supplied by
the different geologic formations seems well-nigh impossible
from the data at hand. This is due to several facts:
In very few, if any, deep wells are the water,s known to be
derived from a single stratum. Many we-lIs from 1..000 to 2,000
feet deep are cased only to rock. Some are cased for a few
hundred feet; fe~ are cas-ed more than 1,000 feet; scarcely a
single very deep well is cased to the lowest water-bearing formation. It is evident that the output of most of the' deep wells,
therefore, represents a mixture of all flows below the casing.
This is true, for example, of the wells at Cedar Rapids, cased
to 85 feet; of the well at Hampton, cased to 200 feet: of the
well of the Murray Iron Works at Burlington~ whose water,
according to the owner, represents all flows; and the same m,iy
be said of many others.
Casings ~n many Iowa deep wells are short-lived. The casings
. of well No. 1 at Grinnell, of No. 2 at Centerville, and of the
wells at Cedar Rapids illustrate the destructive action
of the upper wa,t ers on iron tubing. It s,eems probable that the
life of such casing when exposed to the action of the he'a vily
mineralized waters of the Carboniferous may be only 5 to 10
years, and therefore waters shut out when the well is drilled
may later enter the well.
Casings are often faultily put down and do not shut out the
watens, they wer,e< intended to exclude. Though the wells at
Grinnell ha,ve been cased with as much care as otheI"s, they are
good illustrations of faulty casing. In well No.1 there was
known to be a break in the casing at about 400 feet, and the well
always yielded water containing about 2,000 parts per, million
of solids. The water had the chaf'acteri,stics of the water from
several shallower wells in the n e,ighborhood, which are known
to derive their waters from the drift just above solid rock and
from the Carboniferous. Well No. 2 was provided with a continuous casing for about 840 feet, and while the casing remained
in good condition its, water contained l,ess than half as much
mineral matter as well No.1, the best analysis showing 881
parts total solids, though even then a small flow of very hard
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water surely entered at about 1,530 feet. SevemJ years tafter
it was drilled it was found that the tsha1e had caved, filling the
well to 1,700 feet, or just above the Saint Peter sandstone, and
an analysis at the time, mainly of the flow at 1,530 feet showed
about 5,000 parts tOf solids. Though several analyses have boon
made of water from well No.3, which was drilled and cased to
the same depth as well No.2, none of them have been as low in
solids as the 881 parts found in No.2, the lowest for No.3 being
1,147 parts. It is probable that the casing of this well is not
perfect as far as it gloes, land it is certain that none of these wells
have yielded water from only the Saint Peter and the New Richmond sandstones.
The water in one stratum may find access, to another thr.ough
fissures or more slowly by seepage. · The similarity of the waters
from the sandstone strata of the Cambrian and the Ordovician
giViels, some support to this view.
Though the stratum supplying the greater part of the Wiater
can be determined in many wells, the entrance of a small amount
of water from -a nother stratum may render such information
valueless in a region lil~e Iowa, where many waters are so highly
mineralized. For instance, 90 per cent of a well's yield might
come from a formation ·supplying excellent water, but the other
10 per cent, coming from a formation furnishing salt water,
might render the supply nonpotable.
Though the characteristics of the waters from the severa]
aquifers cannot be made out with scientific accuracy in all parts
of the state, much may be learned of thesle waters from the data
at hand, and there is little doubt as to their quality in general.
WATER IN PRECAMBRIAN ROOKS.
SIOUX QUARTZITE.

The close joints which appear in the Sioux quartzite at its
outcrops and some little-indurated tsandy layers which it includes permit it to contain a considerable quantity of ground
water. These joints, however, may be expected to decrease
. rapidly with iucrease in depth. It should be clearly understood, then, that the drilling of deep wells below the summit
of the pr,e-Cambrian of Iowa is not only difficult and costly, but
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also futile . In no place within the limits of the sta.te can it·be
:enoouraged. When the' drill reaches these crystalline', rocks the
work should 'cease. But' the question whether the pie-Ga.c lbrian
rocks have really been reached can not be left to either the workman or to the citizen untrained in the determination 6f rocks.
It must be decided by an experienced geologist.
The Siou~ quartzite is known to yield small quantities of
wat.e r,' and at Sioux City about 't1?-ree gallops a minute is reported to he obtained from schist at a depth of 1,480 feet, but
it is needless to say that such smaU supplies do not repay deep
drilling through hard rocks .
.WATER IN CAMBRIAN AND ORDOVICIAN ROCI{S.
CAMBRIAN SYSTEM.
DRESBACH SANDSTONE AND UNDERLYING

CA~IBRIAN

SANDSTONES .

Wells.-The porous saccharoida.l Dresbach and underlying
Cambrian sandstones yield freely an exceUent water in northeastern and eastern Iowa. It is these sandstones which supply
. the many flowing wells of the valley of Upper Iowa river and
furnish a large part of the flows of the deeper wells ,of the immediate 'Valley of the Mississippi as far 's outh as Davenport. West
of the Mississippi it has seldom been n~cessary to driil t9 these
horIzons. No water was reported in these sandstones at Cedar
Rapids and Anamosa, although this fact does not mak.e it c~r
tain that none was found. At Boone these sandsto1les supply
the major portion of the flow.
With increasing depth to the
west and southwest they ,become less and les.s pervious as their
pore spaces ar,e increasingly filled With cements, and the water
which they contain becomes more and more highly mineralized.
Sp'rings.-These sandstones outcrop so slightly as to produce
few springs. .T he high artesian pressure, howeyer, supplies
water for a goodly number 'which flow from joints in the over. lying Saint Lawrence formation.
WATER IN THE SAINT LAWRENCE FOR1UATION .

The shales and, as a rule, the calcareouS' beds of the Saint
Lawrence f.ormation are dry. At Waterloo, however, the latter
'Hall, C. W., and others, Geology and water resources of southern Minn eso ta;
Wate r-Supply Paper U. S. Ge ol. !;urvey No. 256, 1911, pp. 48, 56.
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are said to yield water. In general, the impermeable beds of
this terrane servle to separate the water of the Dresbach and ,
underlying sandstones, from that of the Jordan sandstone, allowing t:ach to maintain its individual characteristics.
As stated above, many springs originating in the Dresbach
l:j,nd underlying sandstones find exit through .the shales of the
Saint Lawrence formation.
WATER IN THE JORDAN SANDSTONE .

Wells.-The Jordan sandstone is one ,of the chief, if not the
chief, of the aquifers of the Iowa artesian system. It is reported as a water bed at'Dubuque, Clinton, Davenport, Waver-'
~y, Waterloo, Vinton, West Libe'r ty, Ames!, and Ottumwa. It
no doubt furnishes large yields in many other wells whose water
horizons are not recorded. The rather coarse, smooth, wellrounded uncemented grains of quartz -a fford large pOI'le Ispaces
which permit the ready percolation of artesian water, and the
absence of soluble constituents leaves the water with comparatively l,ow mineral content. At few places have any accurate
tests been made of the capacity of the Jordan alSi compared with
that of other water beds. At Ames the ability of the Jordan
, to contribute to the general supply was found to be nearly four
times that of the New Richmond and fifteen times that of the
Saint Peter.'
In the valleys of the main rivers and their tributaries where
the Jordan outcrops it supplies many ordinary wells, some of
which give constant flows, but the head ils not strong because
of the lleakage through the many outcrops along the valley walls.
The formation is tapped by many upland wells in the northern
and eastern portion of Allamakee county, but the head is so low
that the wells are commonly continued down into the Dresbach
or underlying sandstones, wheTle no better water is found but
where a stronger head is obtained, owing to the presence of the
overlying shaly limestonoo, of the Saint Lawrence formation,
which prevent the upward dispersal of its artesian waters, and
t,he very small area of outcrop fr,om which leakage in the form
of springs may occur. Farther from the numerOl1lSJ outcrops
the head of the Jordan rises, and many wells in the northeastern
'Bflyer , S. W"

Iowa AgrlcuHural College water supply, 1897, p. 11.
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portions of Winneshiek and Clayton countie's paslS: through the
One,ota limestone to procure the excellent water of the Jordan.
Springs.-Springs are very numerous in the Jordan sands.tone owing to the large pore Ispaoe between its grains and the
ltack of inter,stitial filling. Many flow freely from the rock where
it overlies the limestone of the Saint Lawrence formation and
from above the scattel'led shaly or limy bands.
Wherever the J,ordan outcrops on the valley walls its water:s
drain away freely in seeps and springs, and wherever its contact with the underlying shaly limestones: of the Saint Lawrence
is exposed the water collected over this impervious floor flows
out, frequently in powerful streams.
WATER IN THE ORDOVICIAN SYSTEM.
PRAIRIE DU CHIEN STAGE,

Wells.-The Prairie du Chien !stage is one of the most important of the aquifers of I,owa. Underground waters have no
doubt opened passages along joint and bedding planes through
their solvent action on the limestone. The sandy intercalated
layers, although neither thick nor persistent, offer easy paths
for ground water, and communicating as they must with the
channels ,of solution, form water beds which the drill seldom
fails to tap. The New Richmond sandstone especially i'g, a water
earrier and adds materially to the supply at Dubuque, Waterloo, Vinton, Grinnell, West Liberty, Ames, and Des Moines. A
,still larger number of wells find water in the lower limestone,
tbe Oneota dolomit,e, these being so far as reported, the deep
wells a.t Waterloo, Clinton, Sumner, Anamosa, Cedar Rapids,
Homestead, West' Liberty, Ottumwa, Des Moines, and Centerville. A few wells, such as those at Waverly, Vlaterlo'o, and
GrimJ.t'Il, ar,e reported to obtain water from the Shakopee dolomite, and as this formation has many sandy layers the number
of w{Jls wh teh receive accessions to their supply from this
source is prohably larger than the records show.
The Prairie du Chien in many places seems to offer no impervious floor to the Saint Peter, and there appears no reason
why the waters of the two should not in general freely mingl,e';
some wells., however, have found shaly beds which lie between
the two terranes and locally keep their waters separate.
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Springs.-Owing to its 'm any open joints and bedding plane's
and even large solution caverns, the Oneota produces many large
springs. The strongest of these are near the- base, where its
openings permit the escape of artesian water from the Jordan
sandstone. From this horizon flow many of the powerful springs
of the Mississippi and Oneota valleys in Allamakee county.
The New Richmond sandt8ltone gives rise to many small flows
and much seepage along its contact With the underlying Oneota.
WATER IN THE SAIN'l' PETER SANDSTONE.

W ells.-The Saint Peter is easily distinguished by drillers and
is perhaps. the. best known of Iowa's geologic formations. It
never fails to yield some water and in many places yields abundantly. The head of the water diffleTs from that in overlying
terranes, so that the inflow of water into the tube at this horizon
is readily marked, whereatsl lower flow s, with about the same
head as that of the Saint Peter, may ,either escape the observation of the driller ·o r be thought not worthy of record. The
list of wells which ,a re reported as drawing water from the Saint
Peter is too long for mention, including as it does a large number of the deep wens of the state.
The pore spaces of the Saint Peter are large, owing to its
"millet-seed" structure, and the moderately large, wen-r ounded
grains, fairly uniform in size, do not pack so closely as do Is andstone grains more diverse in size and in shape. The pore spaces
are unfilled. No clay was laid down along with the quartz
grains on the ancient sea floor. Since the uplift of the formation ground water has Is€eped freely through it, and, if interstitial deposits were ever made by mechanical or chemical
processes, they have long been dissolved and washed away. The
'smoothness of the grains brings the friction of water in transmission to a minimum. For all these reasons the capacity of
the Saint Peter for storage and tr.ansmissionof water must
equal that of a bed of ordinary incoherent ,sand.
On account of the wen-nigh complete absence of soluble IDa'
terials in both the constituent grains and the interstitial cemcnt~.
of the Saint Peter, the water seeping through it has little oppor..
tunity t o take miner.als into 'solution, and it therefore remains
Pi exceptional purity for long distances from its sources.
8
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The Saint Peter is within reach of farm wells in all of Clayton
county, the southern and western portioIlJs of Allamakee county,
the northern and eastern portions of Winneshiek county, and
t.he eastern portion of Dubuque county. (See PI. I, in pocket.)
Throughout this area one of its striking characteristicS! is its low
head in comparison with overlying terranes, especially near the
area of outcrop. Wells sunk through overiying strata with a
high head of little water immediately IOlse 100 or 200 feet of
this head on penetrating the Saint Peter but find at the same
time an abundance of water. The reason may be found in the
freedom with which water flows through this very perme·able
rock both to outcrop and to well holes giving a constant supply
but little pressure; whereas in the overlying rocks with :small
storage and transmission capacity the pressure is relieved and
the water is drawn away immediately on pumping.
Springs.-The ma;ssiveness and the lack of stratification
planes and crevices are not favorable to the gathering of the
abundant water of the Saint Peter into definite channels and
it~ discharge in copious springs. NeVie·r theless small :springs
from it are common and seepage universal, and it is an important
contributor to the flow of all streams over its area of outcrop.
WATER IN THE PLATTEVILLE LUIESTONFJ AND DECORAH SHALE.

The shale of the Platteville limestone and the Decorah shale
no water and in many borings must be cased to prevent
caving. They serve an important office in maintaining the head
the waters of the Baint Peter sandstone, whose upward leakage they prevent, and also in separating them from the water~
of the Galena dolomite.
y~eld

or"

WATER IN THE GALENA DOLOMITE.

Wells.-Sealed between two shales, either the Decorah shale
or the shales of the Platteville limestone below and the Maquoketa shale above, the Galena forms a water bed of no little value.
Where dolomitized and nonargiUaceous, it is porous, not indeed
sufficiently to permit free percolation but .enough to give
rise to incipient waterways along jo~nts, bedding planes,
and specially porous layers, and thes·e . have developed by
solution into definite channels capable of a large yield to wells.
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Though no assurance can be given that the drill will strike
one of these channels, it ha,s done s,o, in a good many of the
Iowa wells, as at Clinton, Davenport, Fort Madison, Sumner,
Osage, Mason City, Hampton, Webster City, Holstein, Grinnell and Pella. At Davenport the Galena water is so nearly
identical with that of the Saint Peter in quality and head
that a rise of the latter through the crevices of the Galena is
strongly suggested. The yield from the Galena and Platteville
is in some places abundant, amounting in some of the wells in
Davenport and Rock Island to 300 or 400 gallons a minute. At
Mason City the entire city supply is drawn from these formations.
In shallow wells the Galena affords excellent water throughout its area of outcrop. Its base at least is saturated, and southward and westward, where it dips under the Maquo~eta shale,
it continues water-logged. Thus it remains the chief s'ource ' of
farm wells in large ar,e'a s of Winneshiek, Clayton and Dubuque
counties, where wells penetrate the Maquoketa shale and are
drilled to depths of 300 to 400 feet to reach it. The waters are
hard, from limestone dissolved in passage, and may be in places
contaminated by surfaCie drainage, through the numerous sink
holes opening into fissures which everywhere traverse the rock.
The freedom of circulation and the potenGY of the Gal,e na waters to carry materials in solution for long distances' is shown
in the deposits of lead and zinc or,es which are found in
abundance in the old crevices, fissures, and caverns ,of the
Galena about Dubuque. In West Dubuque there is an area
&0 cut up by labyrinthine passages underground and so
full of water that it is known as the McPoland Pond. On one '
occasion a small skiff was taken down a shaft and used in exploring this ground.
Springs.-The springs issuing from the Galena dolomite are
among the most copious in the state. This is a direct result
of the many channels, some cavernous in size, that have been
opened by solution along bedding planes and intersecting joints.
The chief horizon is that at the base of the formation, im':
mediately above the impervious Decorah shale. Over the wide
areas where the Galena is the country rock, large numbers of
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sink holes pit the surface and lead ' the storm waters directly
into the fissures and thus furnish a ready supply of water. In
some places storm waters are led so directly to a near-by valley
that they form a: large part of the supply of some spring, which
readily responds to every rainfall by showing .a proportional
increase in volume <and turbidity. Such springs, however,
,should be avoided, as they are very liable 'to polution by organic
impurities washed into the sink holes with the water.
WATER IN THE MAQUOKETA SH_O\LE.

Wells.-The thick impervious clay shal,e known as the Maquoketa shale not only prevents the rise of Cambrian 'a nd
Ordovician artesian wate'rs. into higher terrane,s but also forms
an impermeable floor f.or the Niagaran waters above it. In this
r,espect it is of especial value over the large area of Niagaran
outcrop in eastern Iowa, wher,e, by preventing the. downward
leakage, it causes the water of the Niagaran to accumulate sufficiently for the supply of small towns and villages. The dolomites of the Middle Maquoketa, which occur in a few counties
of northeastern Iowa, are water bearing, as was found in the
deep wells at Sumner and Green Island.
Springs.-Although springs from the contact of the Maquoketa and the overlying
. Niagaran derive their water from the
latter, their value inures almost entirely to the Maquoketa
areas. They are of greatest importance in Clayton, Dubuque
and Jackson counties, wher,e they supply many perennial
streams with wa:ter, such, for instance, as Little Maquoketa
river, which never ceases to bear its contribution to the Missis,s ippi just north of Dubuque, whereas its n eighbor, Catfish creek,
which parallels it immediately to the south but is not spring fed,
responds to every drought. Two miles north of Strawberry
Point a mill is operated by a turbine wheel run by a strong
stream piped from a spring of this horizon to the wheel pit.
SPRINGS FROM CAMBRIAN AND ORDOVICIAN ROCKS.

The area over which Cambrian and Ordovician strata form
the country rock is especiaUy noted for its springs. No other
part of Iowa is so well supplied, and perhaps in all the other
pr'ovinces of the state taken together there will not be found so
large a number of strong streams of :pure water flowing from thn
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bedrock as are found here. The conditions which are so favorable to spring formation in this area are these: (1) Several
heavy, porous beds of sandstone and creviced limestone with
large capacity for both storage and transmission of water; (2)
heds ,of impervious clay and shale which check the downward
movement of the ground water, causing it to collect in large
quantities; (3) many deeply carved valleys 'a<n d innumerable
ravines, the bottoms of which are well below ground-water
level; (4) a slight dip, which facilitates the movement of th~
water along the surface of the impervious layers to the outcrops
on the sides of the valleys ; since this dip is to the southwest,
springs are commonly found on the north and east sides of the
valleys; (5) an ample rainfall (over 30 inche·s annually); and
(6) the ' exposure of the porous beds over a relatively flat surface unsealed by drift, thus permitting them to absorb the rainfall.
The chief spring horizons in the Oambrian and Ordovician,
named from oldest to youngest, are the contacts of the. Dresbach and Saint L-awrence, the Saint Lawrence and Jordan, the
.Jordan and Oneota, the Oneota and New Richmond, the Shakopee and Saint Peter, the Decorah and Galena, and the Niagaran
and Maquoketa. All except the first and third are contacts between heavy porous sands or creviced iimestone and underlying
impervious shales. The two eX0eptions, the Dr8Jsbach-Saint
Lawrence and the J ordan-Oneota contacts, ,occur at the base
of heavy limestones that overlie sandstone aquifers, the waters
of which are under artesian pressure, the lower beds not outcropping. The open joints of the limestone connect with the
porous sandstone ,o ver large are'as and admit the waters from
below, and they flow out through crevices in copious and at times
even powerful streams. Owing to the fact that many of the
springs emerge through talus and washed soil at the foot of
the bluffs 'a nd on the valley sides, it may be impossible to determine the formation from which they come. Again, many
springs, some very strong, come from local beds lying above
shaly layers iIi the heavy aquifers. Many are, however, readily
identified.
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The economic value of thes1e springs to the residents of the
fertile valleys lo f northeastern Iowa can hardly be estimated.
The water power of the many small springs which in many
places issue a hundred feet above the base of the bluffs and
fall in cascades has been but slightly utilized. Here and thel'e,
however, a mill is operated, and at some of the many farmhouses whose location has been determined by the presence of
a spring the stream is so piped as to generate power for sepa_rating the cream, churning the butter, and driving small laborsaving machinery about the farm. In a few places, too, a portion of the power of the flowing water is utilized in a ram to
drive another portion into a system of waterworks for home
and farm. The possibilities in these lines have as yet been but
,slightly developed, but even in its simplest use, where the pure,
clear, cold stream flows through the tanks of the spring house,
giving the most wholesome kind of water for home use', passes
through the simple refrigerator, cooling the milk and preserving the butter, and then flows through the barnyards and pasture, supplying the stock with water that is, cool in summer
and warm in winter, its value in health and comfort is difficult
to estimate in dollars and cents.
Because of the large number and the great size of the
springs of the area of outcrop of the Cambrian and Ordovician
rocks in the northeastern counties of the state, the streams of
this area are exceptional in the constancy of their flow and
the purity of their waters.
QUALITY OF THE CAMBRIAN AND ORDOVICIAN WATERS.

The four great s'andstone layers of the Oambrian and Ordovi-,
cian may be discussed together, since there is generally no essential difference in the quality of their waters. These layers are the
water bearers for all the deeper wells in the northeast part of
the state within the area of good water, so often mentioned, extending south and west to about the line of the Mississippian.
With the exception of the very deep park well at McGregor all
deep-well waters within this area have low solids, rarely exceeding 500 parts and averaging about 400 parts per million.
In this part of t.he state there are no formations later than the
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Devonian, and in a considerable portion of it rocks of the Cambrian and the 'Ordovician underlie the drift. Except perhaps
in the drift there are no objectionable waters to be cased out or
to contaminate the waters in the sandstones below.
Some examples may be given to illustrate the fact that the
waters are about the same whether from the Saint Peter or
from lower strata.
On page 168 are given analyses of seven deep waters in Allamakee county, six of which are supposed to be derived from the
Dresbach or underlying Cambrian sandstones, and lone at Postville from the Saint Peter. The six have about the same total
solids and their average solids are about the same as thos'e
of the water from the Postville well. In Clayton county the
1,006-foot well at McGregor is exceptionally deep and reaches
salt water. A much shallower well at the same place also shows
the influence of the salt. Six other wells in Clayton county
(p. 169) show about the same amount of solids, though their
depths are greatly different, and their footings 'are believed
to range from the Dresbach or underlying Cambrian sandstones to the Galena. In Oeuo Gordo county six analyses of
well waters show about the same total solids, though two of
the wells are supposed to draw from the Saint Peter, three
from .t he Galena, ,and one from the Devonian (p. 172). The
wells are cased only to rock. No inference can safely be drawn
from the analyses of water from the 1,473-foot well as to the
character of the water below the Saint Peter at this point, as
it is doubtful whether the sample of water was collected while
the well was in 'active use. The analysis of water from the
well at Hampton shows that the softness lof the waters from the
lower sandstones is preserved as far south and west as Franklin coUnty. This well is cased only 200 feet, foots in the Jordan,
and may draw water from all strata from the Jordan to the
Mississippian.
The water of the Saint Peter is soft as: far west as Emmetsburg, for the well at that place owned by the Chicago, Milwaukee
& St. Paul Railway foots in the Saint Peter and gives excellent
water. In the 'same county two shallower wells! in the Dakota
sandstone give hard water. The low solids in the well at Em-
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metsburg may be ascribed to the successful casing out of a strong
flow of hard wate'r If rom the Dakota sandstone which probably
finds access to the deep well at Mallard, also footing in the Saint
Peter. Successful casing to preserve from contamination the
waters of the Saint Peter 0; lower strata has not been 'accomplished so far as known in wells located where the surface rock
is later than the Mississippian. Owing to the similarity of the
waters ,o f the lower sandstones one might be inclined to infer
that the waters of these strata mingle, and this may be true.
Numerous wells, however, reaching higher levels show, as at
Grinnell and Emmetsburg, that strata not far r,emoved from
one another in geologic succession may contain very different
waters.
WATER IN THE SILURIAN SYSTEl\f.
NIAGARAN DOLOMITE.

W elk-The Niagaran dolomite, like the Galena dolomite, is
trav,e rsed by irregu1ar channels of solution through w11icl'l. water
flows with considerable .freedom, and includes porous beds
through which it seeps with some difficulty. The ground water
which the formation receives over its outcrop area is held within
it by the impervious Maquoketa shale beneath and passing down
the dip acquires artesian pre sure and feeds wells as far distant
as Burlington, Keokuk, Centerville and Des Moines.
The Silurian sandstones in southeastern Iowa largely increas·e
its water resources, and these are drawn upon freely at Washington, at Centerville and pr,obably at Ottumwa.
Throughout its ar,e'a the Niagaran is the almost exclusive
source of supply for shallow rock wells, as it ranges from 200 to
400 feet in thickness and overlies the Maquoketa, a bed of impervious shale whose thickness is more than 100 feet. .To the
south and west, where the Devonian is the country rock, the
Niagaran is the source of many wells, for the ov,erlying Devonian
limestones feather out eastward.
The Niagaran transmits water very freely, not only through
many small cavities, but especially through a large number of
joints, cracks, bedding planes, and open crevices formed by
solution in the soluble rock, through which an active circulation
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obtains. In number and size, however: the open cavities are
small compared with those of the Galena.
The water absorbed over the large intake area of this formation is held by the impervious shale beneath from passing downward, so that at least the base of the limestone is water-logged
and .the contact with the shale forms. a strong well and spring
horizon.
The margin along the bold eastern escarpment is so well
drained that in many places it is difficu,lt to secure good wells.
Farther hack the ground-water level rises until along the margin '
of the overlying DeVionian the formation is almost entirely saturated and wells obtain an abundance of water soon after penetrating it. Though rarely dry at the base, it is subject to the
disadvantage common to other limestones-the possibility that
the drill may go a long distance, 'even through the formation to
the shale, without striking one of the crevice~ or water pas sages.
Perhaps the most constant water-bearing bed of the formation is
an lespecially porous, granular stratum lying some distance above
the base.
The Niagaran i s: commonly saturated immediately below the
drift and it is from this part of the formation that many or the
large farm-stock wells of its country-rlock area draw their supply, The upper portion of the rock is very generally broken and
shatter,ed by the glacial ice and the fr agments are mingled with
the old r esidual soil and with gravels deposited by waters flowing
out in front of the advancinO' ice. The whole makes a good wat erway and a remarkably strong source for wells. The water is
perhaps more truly that of the drift than that of the rock. but
all driUed wells which draw from it should have casings driven
into the r ock and should draw from the many crevices therein.
The water from the Ni'a garan is usually copious enough for the
public. supply of towns of 1,000 or 2,000 population or for minor
industrial purposes, though in some places it may be unsatisfactory as a boiler water on account of its hardness. Unless it is
de.sired to seek the de'ep ,a rtesian supplie,s it is not advisable to
attempt to drill bel,ow the base of the Niagaran, as the' Maquoketa shale is dry. If the shale is reached without the drill having found a water crevice and it is decided not to penetrate the
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artesian aquifers an attempt may be made to open the drill hole
to a water-bearing crevice by torpedoing the well with nitroglycerin. This, however, should be done only after it is fully
decided to abandon the hole if water is not found in this way,
as drilling can not be r,esumed after the shooting. The drill hole
should be filled up to the base of the Niagaran, and the shot fired
on top of this filling. If this course fails it will be necessary to
try a new hole.
Springs.-Springs 'a re very numerous, along the base of the
Niagaran escarpment and in the heads of the narrow ravines
which deeply notch it all the way from the headwaters of Turkey river in Winneshiek county along the bluff~ overlooking
Volga river and those facing the Mississippi river as far south
as Clinton. Owing to the numerous thin shaly layers interbedded with the limestone, springs are abundant well up within
the formation. Many are found in Delaware county along Maquoketa river and all its tributaries, which have cut their channels well into the limestone. Among the most notable are the
group about the "Backbone," in Richland township, and the
many that supply Spring creek, in Delaware and Milo townships. The purity and abundance of the waters poured into
Spring cr,eek are attested by the location here of a large Government fish hatchery controlled by the United States Bureau
of Fisheries.
QUALITY OF SILURIAN WATERS.

A number of wells of very moderate depth foot in the Silurian
where it is overlain only by the drift or by the Devonian and
the drift. Examples are wells -at Covington, Mount Vernon and
Lisbon, in Linn county; Morley and Onslow, in Jones county,
and Grand Mound, in Clinton county. All except the Covington
well have lightly mineralized waters, and that well contains, only
about 700 parts per million. All other wells footing in the
Silurian are deep, such as Mrs. Huber's at Tama -and the city
wells at Farmington, Centerville, and Bedford. They penetrate
water-bearing strata above the Silurian, which are probably
not cased out,and their waters can give little indication as to
the 'real character of the Silurian water at those places.
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FORMATION.

The Silurian beds which are tentatively regarded as representing the Salina formation are, wherever found, distinctly deleterious to underground waters owing to their content of limesulphatQ minerals. The presence of ,s ulphate in the form of
anhydrite indicates that it has been hermetically sealed from all
underground waters since its deposition and can incr,ease their
mineralization only when new channels are opened by the drill.
But the high content of lime sulphate in deep-well waters when
these ,s trata are penetrated indicates that much of the gypsum
lies in the path of artesian waters. The analyses of the water
of the deep city well at Pella show that it contains 4,678 parts
per million. of S04 and 444 parts per million of calcium
and is entirely unfitted for municipal supply. At Nevada the
v,e'r y heavily sulphated water ,s uggests that the Silurian here,
as at Marshalltown, twenty-eight miles east, is gypsiferous, although this can not be proved as no samples were preserved.
At Mount Pleasant any ,selenif>erous wat~s from :t he wellmarked gypsum beds were successfully cased out from the later
wells drilled at the State Hospital for the Insane. At Grinnell
the first well drilled f.or the city showed an abnormally high limesulphate content, but with better casing the quality of the waters
of the later wells was very much improved. At Glenwood the
water veins occur above the gyps.eous beds, which are apparently
dry, as the water contains little calcium sulphate. At Bedford
the waters from the supposed Salina horizon ,showed an enormous increase in lime sulphate and were pronounced unfit for
city supply. The presence of these strata in southern Iowa
constitutes a distinct discouragement to artesian drilling in that
part of the state, though otherwise the Silurian might prove
valuable, for it is much more accessible than the Cambrian and
Ordovician beds.
WATER IN THE DEVONIAN SYSTEM.
ARTESIAN CONDITIONS.

Wells.-The Dev'onian rocks can not be classed among the
important water beds of Iowa, although they contribute somewhat to the general deep-well supply in s'everal places, as at Vin-
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ton, Cedar Rapids, Davenport, Webster City and Ottumwa. In
many places they yield sufficient water for hotel and small factory wells, but they can not be relied on to furnish public supplies. In deep wells the Dev:onian waters should be cased out
because their head is lower than that of the Cambrian and
Ordovician artesian waters, which will otherwise leak out
through the channels opened by solution in the Devonian limestones.
.
In the southern portion of the Devonian area large fissures and
crevioes exist in many of the heavier layers. Though the lime·
stone itself is compact and impervious, the drill usually reaches
some one at least of the many openings which bring the well into
communication with the entire system of circulation and supply
it with fresh water at a rapid rate not affected by any drought.
Throughout the larger northern portion of the Devonian area
the loverlying drift is' generaHy thin, and very many of the
best wells end in the lime rock. Plenty of water of the best
quality may be obtained by going a short distance into the
rock for it, and a driller should not stop b efore limestone is
reached unless the supply coming .from the drift is satisfactory
in every respect. The rock water of the whole area is under
some degree of artesian pressure and rises within easy pumping
distance. The expense of pumping and maintenance is slight,
and more persons are resorting to it for a pure and permanent
supply.
Springs.-The Devonian area is s'o helavi~y mantled with drift
that springs from the country rock are of little importance.
They are not uncommon in the rock-cut valleys in the limestone,
but are rarely utilized except for watering stock in the pastures
that occupy most of the valley land. For such purposes some of
them have been walled and piped out to a tank, but even thi<:
care is seldom exercised. Probably the strongest springs of this
region are found in Howard 'a nd Winneshiek oounties, where,
owing to the absence of the Niagaran, the Devonian limestones '
overlap on the . Maquoketa shale (p. 88), giving vent to
many good streams that feed the headwat'ers of Oneota and Turkey rivers.
"
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A spring from the Devonian which is worthy of special men··
tion is that from which the public water supply ,of Cedar
Falls was until recently derived. It is located just south of the
city in the valley of Dry Run, a small intermittent tributary of
Cedar river. It flows perennially from one of the open channels
u;. the rock common t o the Devonian in this region, and was sufficient to meet all the demands of the city, with a waste of many
times the amount used. Marion is another city simi~arly supplied by a spring from the Dev onian. Water from springs from
the Devonian is sold t o customers in Cedar Rapids.
QUALITY OF DEVONIAN WATERS •

. Perhaps the best evidence of the good quality of the Devonian
water is the fact that many wells located wher,e, the Devonian
immediately underlies the drift and deriving their main supplies
from lower strata do not require casings to shut out the hard
water of the Devonian. In fact, the Devonian water, as separately known, differs very little from the waters of th~ deep-lying
sandstones (p. 118). Several wells footing in the Devonian, as at
Jesup, Lake Mills, and Hanlanton, supply water of good quality. They are, however, shallow and pr,obably rellch only ShOl:t
distances into th Devonian and inay derive their waters largely
from the drift. Farther south wells in the Devonian yield hard
waters, as at Gowrie, Grundy Center and Burlington. At all
these places the Devonian is deeply overlain by later formations,
which may supply the major portion of the hard waters. This
source is directly indicat'ed for the city well at Gowrie by the
fact that it supplies essentially the same quality ,of water as the.
well at Dayton, which is located only a few miles south and foots
in the Mississippian. It is not certain that the well at Grundy
Genter reaches below the Mississippian. Regarding the water·
from the Devonian, ther~fore, it may be said, as of the water·
from the Silurian, that there is little or no evidence to show that,
it i~ essentially mor,e heavily mineralized than that of ·the great
sandstone layers ,o f the Cambrian and Ordovician.
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WATER IN THE OARBONIFEROUS SYSTEM.
MISSISSIPPIAN SERIES.
GENERAL CONDITIONS.

The limestones of the different formations of the Mississippian
series no doubt absorb large quantities of ground water along
their wide belts of outcrop and carry these beneath the cover of
the Coal Measures a's they sink toward the west: Thus., confined
between thick beds of shale, the water is under artesian pressure sufficiep.t ·in places to bring it to the surface. The
flow, however, is meager, and, as with all limestones, is not reliable. The drill may strike or it may fail to strike the water
channels. The white limestones of the Burlington, the lower
formation of the Osage stage, seem to yield the greatest quantity of water. The only deep wells which report definite water
peds in the Mississippian are at Cherokee, Ottumwa, Mount
Pleasant, Mitchellville, Des Moines, Bedford, Council Bluffs and
Logan. The two cities last named are situated in an area where
the Mississippian yields an exceptionally abundant supply.
WATER IN THE KINDERHOOK STAGE.

Over the entire north end of the area in which the Mississippian series forms the country rock the Kinderhook is a finegrained, heavy-bedded limestone, an excellent water carrier in
which all rock wells end and in which they rarely, if ever, fail
t() secure a large quantity of excellent hard water under suffici,e nt artesian pressure to place it within easy pumping distance of the surface. In some counties, as Kossuth, Humboldt
and "Wright the artesian head in the Kinderhook is so well developed beneath the impervious clay of the drift that many of
the wells flow. The shale beds of the Kinderhook, so
unpromising for wells along their outcrop, are of distinct advantage, as they sink below the' surface and form part of an
artesian system. They prevent the upward escape of waters
from the underlying strata and conduct down their dip the waters of the limestones of the Mississippian a10ng their impermeable floor.
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WATER IN THE OSAGE STAGE.

We'lls.-The drill on penetrating the Osage stage (Keokuk and
Burlington limestones) rarely fails to find water in some crevice,
especially near the base, before reaching the dry shales of the
Kinderhook. Should the driUer reach the latter he has the alternative already presented in the discussion of the NiagaranMaquoketa contact (p. 121). He may continue to drill in search
of the deep artesian supplies, though this is impracticable for
the ordinary farm or village well, or he may make another boring some distance away in the hope of better success in striking some c~evice in the limestone. Before beginning a new boring it is advisable to fill the hole to the base ,of the limestone
and shoot the well with nitroglycerin in an attempt to so shatter the rock that connection may be made with water-bearing
crevices and to enlarge the area ,of intake. Excellent wells have
been secured from practically dry holes in the Osage by such
means.
8prings.-Springs are not uncommon throughout the Mississippian area where the valleys have been cut into the country
rock. They are commonly small and are unimportant except
for watering stock in the valley pastures. The most important
in southeastern Lowa come from the base of the Burlington limestone, of the Osage stage, where the impervious shales of the
underlying Kinderhook check the downward movement pf the
circulating water and cause it to collect in large quantities in the
open spaces in the limestone, whence it flows through some passage to an outcrop. Such ,s prings are common along the base
of the Mississippi bluffs in Des Moines and Lee counties and on
the lower course of Skunk river, and are of still gr,e ater importance farther south in the vicinity of Louisiana, Missouri. These
springs are frequently used for household and stock purposes ..
WATER IN THE SAINT LOUIS LIl\IESTONE .

The median bed of the Saint Louis limestone is an important water carrier in Keokuk, Washington, Henry and Lee·
counties, where it forms the country rock, and in Monroe, Ma-·
haska, Wapello, Jefferson and Van Buren counties, where it is·
reached by the dr-ill afte'r passing through Pennsylv'a nian rocks
at depths ranging from 200 to 500 feet. It is penetrated iIll
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many places in the Pennsylvanian areas on account of the dryness of the Coal Measures or the mineralized condition of their
waters. It is in this area that it is known as the "white-water
sand rock" and is sought for by all drillers of deep farm wells
when a satisfactory sandstone water is not £'ound above. Farther
north it is drawn on by a few wells in Hamilton, Webster and
Story counties. Locally it produces flowing wells. . The upper
and lower portions of the Saint Louis are, ,o n th~ whole, very
indifferent water carriers . .
WATER IN THE PENNSYLVANIAN SERIES.
DES lUOINES STAGE .

Wells.-Owing to the presence of impermeable shales the
Pennsylvanian is almost dry. Water is commonly found in the
seams of coal but, owing to the· abundance of iron and sulphur
compounds it carries in solution, is never potable. In fact, it is
characteristic of the waters of this division that they are strongiy impregnated with mineral matter and in most places are unfit for use.
The chief water bed of the Des Moines stage is the basal sandstone, which has its greatest development in southwestern Iowa.
At Council Bluffs it is apparently this terrane which supplies the
deep wells of the city, but the, yield of these wells is by no means
large compared with that of wells tapping Cambrian and Ordovician water-bearing beds in eastern Iowa . At Glenwood water
from this sandstone rises to a height of 1,006 feet above sea
level and overflows at the surface in the lowest parts of the
town, but the yield is not large·. *At Bedford the water from
the same terrane rises to 1,008 feet abov,e sea level. On the
whole, it can not be recommended that deep wells be sunk to
this sandstone with the expectation of obtaining any considerable amount of water, such as would be. required by even a
small town.
Small amounts of water may also be found in the ,sandstone
lenses of the Des Moines and Missouri stages, but as these lenses
are not conti,nuous over any considerable area, and as their vertical position can not be predicted, no local forecl1:sts can be
based on them. They give rise to' numerous small flowing wells.
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One of the best known lenses of this type is the Red Rock sandstone, which outcrops at the village of Red Rock, in Marion
county, in a brilliant red cliff 100 feet in height overlooking Des
Moines river. This sandstone ,occupies less than thirty square
miles, but within this area it lies near the surface and furnishes
an abundance of good water to all wells penetrating it. It is,
however, missed in many wells where it might be reasonably
expected, owing to the effects of ero ion, which is in part,
at least, contemporaneous.
The rapid alternation of impervious shales and por,ous sands,t ones underlying heavy drift clays produces conditions favorable to the formation of small artesian basins which frequently
give rise to flowing wells. Especially in the larger and deeper
valleys like the Des Moines and its major tributaries where the
"bottoms" are depr,essed well below the upland surface, fl owing
wells with a head of but a few feet above the surface and a delivery of but a few gallons a minute are not uncommon. Stronger
flows may be had from the Saint Louis and the Kinderhook. The
most notable wells of this type are the Colfax Mineral Springs
of Jasper county. These are supplied by a Saint Louis aquifer.
Springs.-Throughout the area where the Pennsylvanian
forms the country rock, springs are of little imp ortance. Seeps
from shales are common but are small and highly mineralized.
A few crevices in outcrops of sandstone lenses produce small
springs of exoellent water for domestic purposes, but these are
rarely strong.
WATElt IN 'l'HE lUISSOURI STAGE.

W ells.-In slome places in the area where the Missouri stage
forms the country rock a scant supply of hard water is found
in the limestone below 100 to 300 feet of drift. The risk of a dry
hole is probably greater than in any other area, since below
the Missouri stage lies the very uncertain Des Moines stage,
and rock wells in this area are therefol~e comparatively .few.
'rhere are some excellent except~ons to these general conditions,
but the wells of the region are chiefly in overlying drift. The
beds of shale are invariably dry. The heavy limestones carry a
scant supply of water between the shale beds and this is always
hard. The overlying drift is very deep over much of the area,
9
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especially on the great Mississippi-Missouri divide, and comparatively few wells reach bedrock.
Cities and towns in the western portion of the province are
largely located in the broad river valleys, where an abundance
of water may be found at slight de·p ths in the graveL In the
eastern part the interglacial gravels furnish water most copiously. There is little need to resort to the deeply buried rock save
on the Great Divide itself, where in many places any ground
water is hard to secure.
Springs.-Small springs are common along the deeper valleys at the contact of limestone and shale, but the only rock
horizons of importance noted in the Missouri stage area lie
along the ragged eastern edge, where the limestone ris,es almost
in an escarpment and is thickly overlain with drift. Here in eastern Madison and Clarke counties good stock springs are numerous.
QUALITY OF CARBONIFEROUS WATERS.

No general statement can be made as to the quality of the
waters from the Carboniferous or any of its divisions, save that
the quality seems to vary greatly from one locality to another.
In a general way it may be stated that the waters of this system are usually more highly Inineralized than those of lower
ones, and that the mineral matter is greatest in the upper beds
of the Carbonifer.ous. .A. reason for the want of uniforInity may
possibly be found in .t he fact that no extensive sand layers or
other strata with high power of transInission of water 'a re found
in the Carboniferous. It follows that the waters of this system are more local in origin; they are not transmitted from faraway sand plains, as in the lower sandstones, but are derived
from the Iowa rainfall, perhaps from the immediate vicinity, and
must pass through the drift, in some localities through hundreds
of feet of it. There is thus every opportunity for the water to
take up any soluble matter that may exist in the drift or immediately under it.
In the area where the Mississippian is the surface r.ock all
wells footing in this series supply soft to only moderately hard
water, as far south as Grundy county. Even those in Hardin
county, to the west of Grundy, give lightly mineralized waters,
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though in Hardin county the Mississippian is overlain by the
Pennsylvanian. Farther south, however, well waters from the
Carboniferous are hard to very hard. Several good examples
are found in Tama county. Their water!! are not very different
from those of the flowing drift wells of the Belle Plaine district,
but the hardness of their waters can hardly be credited to the
drift, since the mineral content seems to increase with the depth.
Near Grinnell, in Poweshiek county, all the wells in the Carboniferous which have been investigated supply hard water containing about 2,100 parts per million of total solids. There are other
centers of hard water from this system in Jasper and P,olk counties. Wells footing in the Carboniferous in other parts of the state
appar,e ntly always yield hard waters. It is apparent that with
the exception of those in Tama county, wells footing in or paS8ing through the Pennsylvanian yield more highly mineralIzed
waters than those which enter only the Mississippian, and it
,seems fair to conclude that the waters of the Upper Carboniferous are, on the whole, harder than those of the Lower Carboniferous.
WATER IN THE CRETACEOUS SYSTEIU.

DAKOTA SANDSTONE.

Wells.-The Dakota is everywhere a good water carrier, yielding copious and permanent supplies, but the water is commonly
mineralized-as a rule highly mineralized; In the northwestern
portion of the province the overlying drift is very deep and the
sandstone water head, though under slight artesian pressure, is
so far below the surface as to make pumping difficult. General
difficulty throughout the northern end of the Dakota area is
found in the very fine incoherent sand which enters the. well,
cements itself in the screens and wears out the' pumps. In the
central and southern portions, however, no such difficulties have
been reported, and ,on the whole, the Cretaceous sandstone may
be regarded as the best shallow-rock water carrier in the western part of the state.
Slight artesian pressure is common throughout the Cretaceous
area and in the deeper valleys weak flowing wells are not uncommon.
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. Springs.-Sand-rock water strata like the Dakota are prolific sources of seeps and springs wherever outcrops are found,
but as there are few outcrops in the Cretaceous area, because of
the deep drift, spr.ings are correspondingly scarce. The most important spring horizon is at the base of the sandstone formation
where it ov-erlies the shales of the Missouri stage. The contact is
exposed in places in the deep valleys which trench the area in
the southwest. It gives rise to strong springs in the vicinity of
Lewis, in Cass county, and of Red Oak, in Montgomery county.
QUALITy ' OF CRETACEOUS WATERS .

Of the Cretaceous little need be said. Apparently all wells
p enetrating it deeply yield ha,r d waters. A few wells in the
northwestern part or the state which penetrate the Cretaceous
for a few feet yield fairly good water, but this water is probably from the, drift. As a matter of fact, it has been stated and
reiterated by thoEe who have been ,o ver the ground that experience does not encourage drilling deeply into the rock in the
northwestern part of the state.
WATERS OF THE QUATERNARY SYSTEM.

The water-bearing beds in the Quaternary are numerous and
their positions are extremely variable. Yet many localities have
what the drillers r,ecognize as "first water bed," "second water
bed," and in some places even "third water bed," above the
country r,ock. These water beds may in some places he' identified by certain well-known sand or gravel beds in the drift, but
they vary greatly with locality and in many places are ,e ither
dry or wanting.
The Quaternary water carriers most frequently recognized
and reported are as follows, in order of age-from the top downward: Alluvium, Wisconsin drift, loess (including subloessial
sands), Iowan drift, Illinoian drift, Buchanan gravel, 'Kansan
drift, Aftonian gravel, Nebraskan drift, and preglacial residual
soil.
WATER IN PRE-KANSAN DEPOSITS.
UESIDUAL SOILS.

The residual soil, which occurs in the driftless area and which
immediately overlies bedrock in the drift area, is not a good
water bearer, but is drawn on in some places on the broad, flat
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uplands as a source of shallow wells. The supply of water is
scant and uncertain and is probably derived in part from the
sandy base of the ov,e rlying loess.
NEBRASRAN DRIFT.

The Nebraskan (pre-Kansan) till is of no particular value as
a water bed and the old soil and forest beds that accompany it
render the waters offensiv,e' in some places. The sand and gravel
layers, however, buried many feet beneath the surface of the
ground, form very valuable aquifers, the water being under artesian pressure beneath the relatively impervious till.
AFTON IAN GRAVEL.

The water of the Aftonian gravel is. generally pure, whotesome and abundant. In some local areas the presence of decaying organic matter in the old soil and peat beds associated with
the gravel imparts a disagreeable odor and taste to the water;
in other areas, as in the Belle Plaine artesian basin, the water
carries sulphates and other salts in solution in such quantities as
to be unsuitable for either boiler or domestic use ; such occurr'ences, however, are exceptional. Wherever the gravel outcrops
in the valleys, as in the vicinity of Afton, it gives rise to springs
of no mean proportions. On the whole the Aftonian gravel is
probably the strongest Pleistocene water bearer in the state.
WATER IN THE KANSAN DRIFT.

The great thickness of the Kansan drift over large areas necessitates its use, for domestic and farm wells and it probably
supplies more wells than any other water bed in the state,
whether of the drift or of the country rock. The supply of many
of the shallower wells comes from the sands at the base of the
overlying loess and from the gravelly phase in the upper portion of the i(:ansan, but this supply is extremely uncertain in
quantity· and generally fails in dry weather. The deeper wells
are supplied by the many small sandy lenses and layers and the
"veins" in small, more or less. open tubular channels scatter,ed
through the heavy till. The deep-well water is of good quality,
provided care is taken to pr,e vent surface contamination, but it
is variable in quantity. Though deep wells in the Kansan are
not likely to be affected by drought, neighboring wells may differ
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v,e ry greatly in yield. On the flat divides of the Kans'an, where
ground water stands high, dug wells are not uncommon, and
these are constructed of so large a diameter that a large surface
for seepage and an 'ample r,eservoir for storage are secured.
Over the much mO:De extensive 'a rea of the dissected Kansan
dug wells have been superseded by drilled or bored wells, the
greater depth more than compensating for the smaller diameter.
The windmill or the gasoline ~mgine forms part of the necessary
equipment of every farm.
WATER IN THE ILLINOIAN DRIFT.

The Illinoian drift is penetrated by many wells but is not
clearly distinguished from the Kansan, which it resembles in
its water-bearing qualities.
WATER IN THE BUCHANAN GRAVEL.

Within the area of the Iowan drift the Buchanan gravel lies
between the Iowan and Kansan drift sheets and forms 'a most
valuable water carrier, supplying innumerable shallow wells
and giving rise to numerous springs wherever it outcrops. Its
greatest importanoo, however, is in the lowlands and in the old
filled valleys. On the uplands it is thin and scattered.
The Buchanan gravel has been of great importance in the development of manufacturing in the northeast quarter of the
state. Owing, however, to its slight depth and its open texture
its waters are easily polluted by organic matter from the surface. They fr,equently have a slight taste and leave a brown
stain due to compounds of iron in solution.
WATER IN THE IOWAN DRIFT.

Water occurs in the Iowan drift in small sandy layers and
lenses and in the small "veins" of the till. From these it seeps
into the wells slowly but constantly, supplying them with a moderate amount of hard water, which will be pure provided care
is exercised to prevent the entrance of surface wawr and its accompanying contamination. 'Owing to the thinness of the drift
and the strength and purity of the country-rock ,a quifers below,
rock wells are very commonly replacing wells in the Iowan drift.
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WATER IN THE LOESS.

The loess was formerly an important source of supply for
farm wells throughout the state, but drainage and cultivation
have so lowered the ground-water level as to greatly lessen its
importance. The subloessial sands lying bene'a th the loess and
over the till near the Iowan margin yield a somewhat more
plentiful but very uncertain supply. Many shallow wells dug
in sloughs and other moist places still utilize this source for
stock water. Both the loess and the subloessial sands are extremely liable to contamination from surf'ace waters, cesspools,
etc., and should be avoided for domestic purposes, especially in
towns or villages and in the neighborhood of barnyards on the
farms.
WATER IN THE WISCONSIN DRIFT.

In the Wisconsin drift shallow wens are general, the supply
being obtained, as in the other drifts, from sandy layers and
"veins" in the till, but they are especially liable to pollution
owing to the prevalence of surface waters. The better drift
wells go below the base of the Wisconsin and draw their supply
from underlying beds of the loess or lower horizons.
WATER IN ALLUVIUM.

The sands 'a nd gravels of the alluvium yield an inexhaustible
supply of good water at depths ranging from 15 to 100 feet.
They may be reached throughout the "first bottoms" and in
places on the "second bottoms" of the larger rivers and tributaries. Water is generally obtained at slight cost by means of
open or driven wells and in larger quantities for city supplies
through infiltration beds and collecting galleries . .rrhese deposits
furnish the chief underground water supply for several large
cities within the state.
In towns and cities these alluvial waters _are generally contaminated from the surface or through cesspools. The public
supply should -a lways be taken at some point above the city and
private wells should be closed. -All such supplies, when used for
drinking or dome-s tic purposes, should be carefully tested and
guarded.
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UNDERGROUND-WATER PROVINCES OF THE QUATERNARY.

The regional differences between the waters of the different
drifts are not so characteristic as to form well-defined provinces.
The limits, of the several water-bearing strata are, however, determined by the limits of the drift sheets to which they belong or
are related as interbedded deposits. These limits do not coincide
with those of the, districts into which the state has been divided
and for specific eonsideration of drift waters it seems advisable
to r,edivide it on the basis of drift sheets coextensive with the
topographic areas already described (p. 49), and known as the
Wisconsin, Iowan, Illinoian and Kansan drift provinces and as
the driftless province.
DRIFTLESS PROVINCE.

In the driftless province water is obtained from the alluvium,
the loess, and the residual soil. The loess and the residual soil
supply shallow wells on the broad, flat uplands, but the yield of
both is so scanty that most good wells are sunk to one of the
numerous and excellent country rock hQrizons, which may there
be ll"eached at comparatively little expense. On the flat valley
floors shallow wells draw an abundance of good water from . the
gravel and sands underlying the alluvium. Springs from the
outcropping rocks of the vaJley sides are so numerous as to
greatly decreas,e the number of wells necessary.
KANSAN PROVINCE.

In the Kansan drift province water may be obtained from the
alluvium, the loess, the Kansan drift, the Aftonian gravel, and
' the Nebraskan drift. The gr,e'a t thickness of the Kjansan drift
and the presence of Pennsylvanian rocks immediately underneath a large part of this area cause the Kansan drift to be
one of the most fully utilized water beds of the state, even though
its yield is scanty. Owing to the depth of the drift and the scanty
yield, deep-bored wells are now becoming common, especially in
the vicinity of the Mississippi-Missouri divide. Many weUs in
the southeastern district penetrate the Aftonian gravel and are
abundantly supplied. The base of'the drift, where tliis is sufficiently shallow to be reached by ordinary farm wells, is a fa-
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vorite source of supply; it probably includes the Nebraskan as
well as the Aftonian horizon.
Und€r the broad floors of the valleys the flow is ample for the
cities of several thousand people located thereon. The waters .
are obtained by wells fitted with drive points and Cook strainers.
On the broader uplands many of the shallowest wells draw a
small supply from the sandy layer in the base of the loess immediately overlying the impervious till.
ILLINOIAN PROVINCE.

In the Illinoian drift province water is obtainable from the
loess, the Illinoian drift, the Kansan drift, and the Aftoniall
graveL The Illinoian and Kansan drifts are not clearly differentiated in the wells; both are u sed indifferently by wells,
and even the loess affords a meager supply for many wens. The
better drift weUs draw from basal gravels, probably those of
Aftonian age.
IOWAN PROVINCE.

In the Iowan drift province water is obtained from the Iowan
drift, the Buchanan gravel, the Kansan drift, and the Aftonian
graveL The Iowan and Kansan drifts ar·e both generally used,
but the strongest wells draw from the Buchanan or Aftonian
gravels. Such wells are generally best developed on lowlands
and in old stream channels. The loess supplies some shallow well.s
on the margin of the area where it overlies the edge of the Iowan
drift.
WISCONSIN PROVINCE.

In the ,Yisconsin drift province water is obtainable from
the Wisconsin drift, the loess,· the Buch~man gravel, the Kansan
drift, and the Aftonian gravel. The porous loess is· very
generally recognized where present and is the best . shallow-well aquifer in the area. Owing to the immaturity of the
topography the ground-water level is high, wens are generally
shallow, and all not well guarded are liable to ~urface pollution.
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CHAPTER IV.
ARTESIAN PHENOMENA.

BY W. H. NORTON.

DEFINITION OF THE WORD "ARTESIAN"
The word "artesian" has been used with sev-e ral meanings,
but, in accordance with the usage now prevailing, artesian waters
include not only the water of flowing wells, but also well waters
that rise to a considerable height within the tube under hydrostatic or artesian pressure. Thus, in the deeper river valleys tOf
Iowa the head of the water from the Paleozoic aquifers is higher
than the valley floors, and the water overflows in natural fountains, many of which are of considerable height. On the uplands,
however, water from the same water beds, rising through the
same strata, under the same driving force and with the same
head, fails to reach the surface of the ground. The important
and definite fact is that under hydrostatic pressure, the water
rises to or nearly to the surface: In classifying ground waters
it is comparatively unimportant whether the surface 01' the
ground at any given point is slightly above or below the level
to which the water from the deep source rises.
HEAD OF ARTESIAN WATERS.
DEFINITION.

The water beds of the Iowa artesian slope dip southward
from their outcrop on the high lands of the states adjacent on
the north. The water confined within these beds is therefore
under hydrostatic pressure, much as is the water in a city's
mains from the weight of the column of water in the standpipe.
Under this artesian pressure it rises i~ deep wells far above the
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level of the water bed. It may fall short of reaching the surface
of the ground, or it may overflow and in an open tube connected
with the well may even rise ,a nd maintain itself at a con.siderable height above the well mouth. The height at which artesian water stands under hydrostatic pressure is called its
static level or head. It may be expressed in its relation to sea
level, to the level of the watet bed, or to the level of the well
mouth. As artesian wells may head either above or below the
well mouth, they are divided into two classes" flowing and nonflowing.
MEASUREMENT.

The head of flowing artesian wells may be measured in two
ways. The pressure may be measured at the well mouth, in
pounds per square inch, by means of a gage, and the head may
then be computed in feet. As a column of water 1 inch square
and 2.3 feet .in height weights 1 pound, the number of pounds
pressure at the well multiplied by 2.3 equals the head in feet.
Somewhat less conveniently the head of flowing wells may be
measured by tubing, coupled water tight, and carried up until
the water stands at the top but does not overflow. The size
of the tube is immaterial. The test is most .easily made with
a hos'e of any convenient diameter, carried up a ladder or
trestle, since owing to its flexibility, it may be lifted or lowered until the exact head is obtained and the cuttings and
coupling needed with metal pipe are obviated.
To o'b tain the true hydrostatic balance a day or even several days may be necessary, and for this as well as for other
reasons the test is most conveniently made with the pressure
gage.
FACTORS AFFECTING HEAD.
ELEVATION OF AREA OF SUPPI.Y.

The head ,o r static level depends on ,several conditions, chief
among them being the elevation of the intake area, or area of
supply, where the water bed or beds outcrop and gather their
water from the rainfall. The area of supply of the principal
water beds of the Iowa artesian system-the Cambrian and"
Ordovician sandstones-lies for the most part in southern Minnesota and Wisconsin, where it comprises about 14,500 square
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miles. The area presents a considerable diversity in elevation
but in few places is more than 1,200 feet above sea level. With
a gathering ground whose altitude is relatively so low, the
wateT beds of Iowa furnish only a .moderate pressure to their
artesian waters. The enormous pressure of the South Dakota
artesian wells, for example, due to the high gathering ground
on the fla.nks of the Black Hills-pl'8'ssures which equal head;)
of 400 feet in places, and which can be utilized for power in
manufacturing plants . or to supply fire protection for a cityare not to be expected in Iowa.
ELEVATION OF SURFACE AT THE WELL.

The highest heads, relative to the top. of the well, are f.ound
where the elevation of the ground surface above sea level is
least . From Des Moines river ,e astward the artesian wens situated in the deeper valleys are flowing wells, and the wells of
the deepest valley, that of the Mississippi, register the grea.test pressure. The following table exhibits the maximum initial
head reported from the wells in the Mississippi valley from
north to south.
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On the other hand, on the uplands of the state the water
generally fails to rise to the top of the wells, although it generally rises higher (above sea level) than it does in the valleys .
• /I

AGE OF WELL.

Owing to various causes, some remediable and some irremediable, the artesian head in any given well commonly decreases
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with lapse of time. Any plans to utilize the pre.s·s ure for fire
protection, as at Sabula, or for running dynamos for city lighting,as at Keokuk, should take account of this fact.
After the first wells are drilled in any locality, it is often
difficult to determine the true head. Leaks. ar·e' liable to de'Velop by which more or less of the water escapes laterally f~om
the drill hole, and the head of the water is correspondingly
reduced. As, other wells are drilled from time to time and are
left to discharge freely, the head is further lowered, and Lt is
difficult to determine the pressure in' any given well, unless all
the wells can be clos,ed for the occasion. In a number ,o f places
the flow of a new well on lower ground has dra:wn down the
head of other wells, in the neighborhood.
HYDRAULIC GRADIENT.

Most water-bearing formations are cut at gr,eater or less
distances from their lo utcrops by river valleys, into which more
or less o'f their water escapes. Such leakage necessarily reduces the' pressure, lo r head, of ' the water, the effect inoreasing
as the point of ,escape is neared. It has been found that, owing
to this and to certain other factors (such as the friction of
the rock particles through which the water percolates), the
height to which artesian water will rise above sea level declines
more or less uniformly from the intake area to the point of
escape. This decline is known as the hydraulic gradient.
HEAD AS AFFECTED BY THE GROUND-WATER LEVEL.

Under certain conditions the height of the ground-water level
of the area and the head of minor and higher artesian aquifers
tapped by the drill may affect the head of a well.' The effect
of thes,e agencies is illustrated in the map (PI. I; in pocket). In
Iowa the hydraulic gradient declines from Boone eastward to
Clinton on Mississippi river, 310 feet in 190 miles, the surface
. of the'ground falling 550 feet in the same disrtance. (See Pl. XI.)
RELATIVE HEADS OF IOWA AQUIFERS.

When a deep well is· being sunk, the question is often as~ed
whether water u.nder greater pressure, giving a higher head,
'Chamberlin, T. C., Requisite and qualifying conditions of artesian wells: Fifth
Ann. Rept , U. S. Ge ol. Survey, 1885, pp. 125 -173.
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will be found at greater depths or whether the deeper water ~ll
be under less pressure, causing the well perhaps to lose its
flow. It is greatly to be regr,e tted that the data at hand so seldom permit .a conclusive answer to this question. When a deep
well penetrates several different water beds, the head of each
bed should be tested as the drilling is in progress, but as this
testing of flowing wells involves considerable tr,ouble and some
expense it is seldom if ,e ver done. In nonflowing artesian wells
the fluctuation of water in the drill hol,e due to the different ·
heads of different aquifers can be readily observed, but in few
wells have such observations been made and placed on record.
When the head of a well is given, it is seldom known by what
particular water vein the pressure is determined ' or to what
extent the head has been lowered by the discharge of other
wells.
The chief aquifers of the Iowa water system, the Saint Peter
sandstone, Prairie du Chien stage, ' Jordan sandstone, and Dresbach sandstone and underlying Cambrian formations, afford
considerable evidence that the lowest water beds give the highest head. Thus at Dubuque the original heads of the wells
ending above the Dresbach sandstone seem to have been from
700 to 740 feet above sea level, whereas the head of wells which
tapped the Dresbach or underlying Cambrian sandstone reached
perhaps 753 feet. At Waterloo the head of the water from
the Saint Peter is given at 865 feet above sea level, and that
from the water beds between the Saint Peter and the Dresbach
at 867 feet, but at Davenport the beds below the Saint Peter
seem to have a somewhat greater head. In the deep well at
Holstein the waters from the higher formations, including the
Saint Peter and probably the Jordan, stood 325 feet below the
curb; when the Dresbach was struck the water rose to 270 feet below the curb. On the other hand, in some nonflowing artesian
wells, as at Pella, Centerville, Burlington, and Anamosa, the water seems to have maintained ,a bout the same level while the drill
was passing through the various Cambri'a n and Ordovician water
beds. At Ottumwa the aquifers of the flowing wells seem to
have .a common head at about 700 feet above sea level. At
Boone, ,on the other hand, the head of the water of the Saint
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Peter is 1,080 feet above sea level, but that of the main vein in
the deeper sandstone is 940 feet above sea level, 140 feet lower.
The head of the water beds above the Saint Peter may be
either higher or lower than that of the Cambrian and Ordovician beds. In upland wells of northeastern Iowa the head
of the water from the Niagaran, the middle part of the Maquoketa, the Galena, and the Platteville is higher than th!lito,f the
water from lower aquifers. Thus at Sumner the waters from
the Middle Maquoketa and the Galena stood 18 feet below the
curb, and those 'from the Cambrian and Ordovician beds 144
feet below. This difference is especially marked in the extreme
northeastern counties where the main river valleys dissect the
Saint Peter and even the Jordan and permit water to escape.
rrhus at Calmar the water from the Galena and Maquoketa rIses .
76 feet higher and at Postville 170 feet higher than the water
from the Saint Peter. In wells outside o,f this area and in
valley wells within it the water from the Cambrian and Ordovician aquifers usually rises higher than that from superior
terranes. Thus at Vinton the water from the Saint Peter rises
38 feet higher than that from the Devonian, and at Davenport
it rises 10 feet higher than that from the Galena. At ,Holstein
the water from the Saint p.eter rose 40 feet and at Osage about 10
feet above that from higher water beds.
The head of the Dakota sandstone in northwest Iowa seems to
be higher than that of lower beds, exceeding that of the Saint
Peter at Cherokee by 120 feet. In fact, the reported high head
of a number of deep wells in this part of the state may be
largely due to the Dakota waters.
The map showing artesian head (PI. I) presents graphically
the scanty data at hand, but forecasts must not be based on it
with undue assurance. The head of any well depends on a number of factors and is perhaps the least predictable matter
connected with the subject. In a' number of the wells the head
probably depends on that of waters of drift or country rock.
The map presents, however, the salient facts of the decreasing
head with increasing distance from the area of supply and the
heightening influence of the ground waters lof the uplands in cen·
tral and northwestern Iowa.
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YIELD OF ARTESIAN WELLS
MEASUREMENT.

No deep-well data are more unreliable than those relating
to yield. The reported discharge of flowing wells is. seldom more
than a loose estimate and often, no doubt, a gross exaggeration.
For pumped artesian wells, the amount deliver,ed by the pump
can and should be calculated with considerable accuracy and
may be assumed to be the capacity of the well when the latter
does not exceed the capacity of the pumps. The yield of flowing wells. may be estimated by the flow over a weir, by a current
meter set in the pipes or by the time nece sary to fill a receptacle of known capacity. Where the yield is mOderatemeusures as sm·a ll as hogsheads may be used for this purpose.
Slichter' de.scribes a very simple method of determining the
yield ,of a flowing well devised by J. E. Todd. Pumping tests
should last at least 24 hours and should be conducted with
pumps of adequate capacity.
PERMANENCE OF YIELD.
F ACTORS

AFFECTI~G

YIELD.

The length of time which an artesian well may reasonably
be expected to remain in service; the causes which impair or ruin
it, and their remedi,es are questions of vital importance on which
some light ~hould be shed by the collated history of the hundreds of deep wells of the Iowa field, some of which have been
in operation for a quarter of a oentury.
It may naturally be expected that, like any other mechanism,
this appa;ratus for bringing water from its subterranean sources
to the surface is liaQle to deteriorate with age, to need from
time to time repairs of various kinds, and, indeed, to break
clown from one caus,e or another and to become altogether use ·
less. To know the points of weakness in this mechanism, which
is not quite so simple as it at first view may seem, and to know
the dangers ' which threaten it is absolutely necessary if the
well is to be so constructed and so cared for as to insure its
permanence.
'Slichter, C . S., The motions of unde rground wate r s: Water Supply P ape r, U. S.
GeoL Survey, No. 67, 1902, pp. 90-93.
.
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A deep well drilled in Iowa for a quarter or a half mile,
straight toward the center of the earth, passes through rocks
of various kinds. Some are strong and unyielding; some ,a re
mobile or plastic, creeping under the enormous weight of overlying rocks they carry and thus constricting or closing 't he drill
hole. Some are brittle and fragile, and from such rocks movements of water in the well 'dislodge fragments which, on faUing,
leave cavities along ' the bore hole and, accumulating at the bottom, choke the discharge of the water beds situated there. Some
<.lre close-textured, some are spongy and porous, and some are
creviced. Some are dTy and some are water-log'ged, and of the
laUer class some contain good water and some water so highly
mineralized as to be unpotable or injurious to the health. Of the
glood waters, some may be under so little pressure that another
flow under higher pressure will drive them back and .escape
through their channels if left free to do so. The main water
bed 'may consist of loose and crumbling sandstone, which with
time breaks down and forms a chamber, roofed, perhaps, with
shale, which, when left unsupported, caves in and closes the
waterway.
For some distance from the surface the well commonly penetrates incoherent material incapable of standing in a solid wall.
A casing is therefore inserted and bedded in solid rock. But
unless the juncture of casing and rock is water tight the ascending water of a flowing well will in time find a way through it out
of the drill hole.
Finally, even if the well is perfectly constructed and the supply in the water bed is large, the yield may be diminished
through ,ov.erdraft by other wells put down in the vicinity.
Permanence of an artesian yield, therefore, depends (1) on
the construction and care of the well itse1f; (2) on the character of the ,vater bed from which it draws; and (3) on the
combined draft on the water bed by all the wells in the vicinity.
FACTORS RELATING TO THE WELLS.
CASING AND PACKING.

Heavy iron casing is inserted where the well passes through
weak rocks liable to cave or creep and where it 'passes through
10
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aquifers containing salt or bitter water or good. water under so
Iowa head as. to· permit lateral escape of the main flow. The upper casing is carefully packed at the base to prevent any escape
of w.ater. Where the water bed is of wea~ rock it is protected
with strong casing perforated to admit the entran0e of water.
All these precautions are taken if the job is thoroughly done.
But as casing is costly, as the nature .of the rocks' to be penetrated is in many places not well known, as- the heads of the
various water veins are not tested-for all these and for less
excus1ahle reasons it is not seldom that some of these points
of danger are left unguarded. The upper casing is left unpacked
but is simply grounded on bedrock, which in Iowa is usually
limestone. ' This s·oluble rock gradually decays about the base
of the. casing, a thin thread of water escapes into the surrounding overlying sands or shattered rock, ,a nd the 'opening is enlarged by solution until the leakage is sufficient to stop the flow
of the welL
Uncased shales, although to all appearances at first sufficiently
firm, may yield to the action of the water passing over their
exposed surface and cave within a few years after the completion of the well. Limestones, although strong enough to stand
indefinitely, may contain crevices, openings, and porous beds of
which the driller is untirely unaware. Water from other pervious beds under heavy pressure is driven into these passages
until most of it escapes through these leaks and the well ceases
to flow.
The main water bed may be a loose-grained sandstone, which,
if not cased, gradually breaks down and tends ' to fill the well
with its detritus. It may be a fine-grained a:s well a·s it loosegrained sandstone, and even when the well is cased the grains
may be fine . enough. to pass through the perforations of the
easing and the strainers, likewise causing the drill hole , to fill.
Where casing is sunk to prevent leakage the pr.es's ure under
which it is driven down may split or br,eak it at the joints, and
through these breaks the 'watermay escape.
DIAMETER OF DRILL HOLE.

Very obvious causes of difference in the yield -of artesi'an wells
are differences' in the capacity of the drill hole '·or ·its casmg.

ARTESIAN PHENOMENA

147

'rhe cross section of a tube varies as the square of the diameter;
thus, disregarding other factors, an eight-inch pipe would carry
16 times as much as a two-inch pipe. But the larger the diameter
the less the frictional resistance; hence the difference in favor
of the larger pipe is still greater. Taking into account both
cross section' 'a nd fricti onal resistance, the discharge of pipes
varies 'as the 2.5 power of the diameter.'
.
The ,yield- of a deep well is controlled, not 'b y the maximum
diameter of 'the 'bore hole-that at the well mouth-but by the
diameter of,the hole at the water-bearing stratum. In sinking
deep wells it is necessary from time to time to reduce the diameter of the drill ,hole. The first deep well at Boone, for example, which began with a 'diameter of eight inches, was reduced
four times, and reached the bottom at 3,010 feet with a diamter
of three inches. The Gr,eenw-ood Park well at Des Moines, 3,000
feet deep, beginning with 10 inches, reached the bot-tom with
three inches; For this reason and because of the rapidincreas,':')
in ' the cost of driiling With increase of depth, it rp.ay be concluded that' the limit -of profitable drilling lies 'u nder rather
than over 3,000 feet. The cost of tapping a water bed at this
distance from the surface with' a drill hole large enough to
carry its waters is so great that the outlay is seldom warranted.
Large holes ' also hav'e an advantage in that they offer a
larger surface of transmission within the water rock, and thus
give a more 'generous yield, but this increase is comparatively
slight. ' Thus, ' of two wells, each sunk 100 feet in 'w ater beds
presenting ' similar conditions of pore space, pres-sure, etc., a
~-inch well yielded 36 cubic feet a minute and a 12-in~h well
only 41 cubic feet a minute, ,a lthough its carrying capacity is
four tImes as large:" Several small ' wells will secure a larger
inflow than one large well. Furthermore, 'to secure the marimum
efficiimcy' of'a nUmber of wells, they should be spaced as widely
as p'r acticable so as to interfere as little as possible with one
another.
'"
'
.
'Sl!chter, C. ' s., op. cit ., p. '84.
' King, F. H ., Principles and ,conditions of the movements of ground water:
Nin e teenth Ann. Rept., U . S. Ge ol. Survey, pt. 2, 1899" , p. 285.
\ •.
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FACTORS RELATING TO THE WATER BEDS.
PRESSURE.

The yield of flowing wells from beds' of equal porosity varies
with the pressure of the water at the point of discharge, or with
the difference between the surface level at the point of discharge
. and the level to which the water will rise by artesian pressur,e.
rrhe relatively large yield of the deep wells of the valley towns
of Iowa compared with that of upland wells is €xplained by
their greater. head, and the assumption made by some pers·ons
that natural cracks and fissures of great extent coincide with
river valleys is quite gratuitous. The la.w is well illustrated
in a test made of a flowing well at Hitchcock, Texas, whose
watel' rose about thirty feet above the curb, the point of discharge being taken at different heights and theI'efore at different distances below the static level. When the point ·of discharge was 25:35 feet ,above the curb the well yielded in a given
period 8,022. gallons, and when it was 0.76 foot above the curh
it yielded in the same period 95,000 gallons. This change, which
was equivalent to increasing the head from 4.65 f.eet to 29.24
feet, increased the flow of the well nearly twelvefold. In the
location of wells this law of pressure variations should be con. sideJ'led. Other things being equal, the lo~est s-round available
should be chosen as the site of the well, for here the head and
discharge will be the greatest.
To the same law is due the greatly incr,eased flow when
pumps or air lifts are used. Thus, at Charles City, the yield of
the city, well, whose estimated natural flow was 200 gallons a
minute, was increased by a vacuum of seven pounds to 900 ,
gallons' per minute. At Mason City, Waterloo and Dubuque
greally increased flows are obtained by means' of air lifts. Advantage is taken of the same principle when the pumping cylind~r is set low in non-flowing wells. At Ames a test made with
the cylinder set 270 feet below the ground gave a maximum
discharge of 7,400 gallons an hour; at 149 feet below the surface it gave 5,000 gallons an hour; and 105 feet below the surface it gave only 3;525 gallons an hour.
Pressure is a controlling factor in the transmission of water
through porous rocks. Experiments have shown that the yield
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of pO,rous sandstone varies with the pressure, but doubling the
pressure usually more than doubles, the amount of water transmitted. The moderate pressures of the Iowa artesian basin suffice to overcome the frictional resistance and to drive the water
on its way but are not sufficient to force such immense yields
as are reported from wells of ' the Dakotas. The moderate
pressure may also result in a comparatively rapid lowering of
the head in any local area, for the slower the transmission the
more rapidly will the area be depleted under a given draft.
THICKNESS OF THE 'WATER DEDS.

Few if any wells yield ,as much water as would be indicated
by the theoretic capa~ity of their pipes and the velocities due
to their pressures. This is because the water is delivered to the
pipe through porous rock through which water seeps from distant sources under great frictional resistance. The yield depends, therefore, on a number of conditions relating to the rock
constituting the water beds. It depends on the amount of surface exposed in the drill hole within the water bed. ' When the
bottom of the hole barely touches the water bed, or an unperforated casing extends to the bottom of the well, this
surface is at a minimum and gives a minimum yield, fo·r it is
then merely the area of the circle whose diameter is the diameter .
of the bore. When the entire water bed is penetrated' and the
hole is uncased, the. surface of transmission is at ~ maxim~m
and gives a maximum yield, for it is then the surface of a cylinder whose height is the thickness of the water ·bed. Thus a
thick water bed will not only hold and carry more water than
a thin one, but may also · deliver more w~~.f.\ tp a well. Several
water beds will yield more than a single water bed of less than
their combined thickness. The thickness and the nUIl1ber of
the Iowa aquifers therefore constitute one cause of the large
Bow of the wells. It follows that a deep well should be' sunk
completely tlJ.rough any given water bed, <and th~t the more \
water beds it traverses the larger will be its yi~ld, provided of
course that certain beds do not drain away the waters of others
because of difference in head. Several Iowa wells that have
stopped in tbe Saint Peter sandstone would have obtained a
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much more copious yield .if they had been carried througib. we
Prairie du Chien and the Jordan.
On the ' other JRand, there are places where the lower waters
should be -left undisturbed even though the yield would be increased by drilling to them. At Cedar Rapids and at McGregor
the first wells drilled encountered salty' and corrosive waters
in the Cambrian sandstones, and wells drilled later in these
towns were, therefore, stopped before they reached the hOrlzons
at which the deleterious waters were obtained. In northeastern
Iowa, along the Missiissippi valley. the lowest of the aquifers,
the . Dresbach .and under:lying Cambrian sandstones, is <;lrawn
upon freely.i but o,ut,siqe of this area the ,expense of reaphing it,
and the probability of finding its waters highly mineralized, are
so .great that.it .i,~:$~nerally advisable to ,s top the drill at the
base .of the Jordan sandstone. .
.
In loC!se, friable sandstqne it may be necessary to case through
the water hed . . In such wells, the casing should .be perforated
through ~he entire thickness of the water bed.
TEXTURE AND POROSITY OF WATER BED.

. Yield depends v,e ry largely on the texture and porosity of the
water rock. . Gravel yields its store of water more freely than
coarse sand, and .coarse·'sand than fine sand. Doubling the effective -size of grain quadruples the yield. Stratified rocks trans. mit water ·most readily parallel to their bedding planes, and
this fact gives an additional reason for the large yield of wells
which penetrate ,w ater beds deeply and are fed from the sides
by horizontal currents, as compared with the yield of wells
which touch only the upper surface of the water bed and a.re
fed from the bottom ·by currents rising transverse to the bedding· planes . .
.The main sandstone aquifers of the Iowa artesian system
include many.' highly · porous .beds through whieh.. water seeps
freely into wells. Their grains are moderately large, are exceptionaUy smooth: and well roulJ,ded, and are fairly uniform in
size, \thus increasing the pore' space, .as few minute grains are
paCked in the .interstices of the largoer grains. Cements ,filling
the pore·'spaces to a greater or less extent are practically absent
in many of these water-bearing beds. In consequence of these
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conditions, the sandstone aquifers of Iowa yield exceptionally
abundant supplies.
, '
With increasing distance from outcrop and whh increasing
depth and slac~ening of the ground-water circulation cl.ogging
and :filling of pore spaces may be expected in any-' water-bearing 'terrane accompanied by res,t riction .of the water channels
t'o special horizons kept open after the remaInder .of the r.ock
of the terrane has bec.ome impervi.ous by cementation. The
yield .of aquifers, such as the Saint Peter and the .T ordan, can
not be ,expected to be as grelilt where they reach great depths
in central Iowa as it is in n.ortheastern Iowa, where they lie
much higher and their circulati.on is far more active. 1
CREVICES IN THE WATER BED.

The yield of the artesian wells .of I.owa is in,creased by the fact
that the waters fl.ow not .only through the pore spaces .of sandstones and l.o.ose-textured limestones but thr.ough the fissure
cracks and crevices that are c.omm.on in limest.ones and .occur
even in many sandstones. The existence .of these passages might
be inferred fr.om general considerations and from experience
elsewhere, but in the Iowa field it has frequently been proved by
, the sudden drop of the drill, by the deflection .of the drill, and by
the undergr.ound disappearance .of drillings. Many.of these
passages thr.ough limest.one are in connecti.on with the s,andstone
aquifer~.

Between the Saint Peter and the J .ordan sandstones lies ,a
heavy body', of creviced limestone, more. or less arenaceous and
in places interleaved with layers .of p.o~.ous sandst.one, and below
the Jordan sandst.one lie the limest.ones .of ,the. Saint Lawrence
f.ormation. Thr.oughout this entire body of rock, fr.om the base
.of Ithe Platteville to the summit of the ,impervi.ous beds, Qf the
Saint Lawrence, artesian waters may participate in a common
movem'ent. w.ater sinks .or rises fr.om sandstone t.o limest.one,
,
and vice versa. Where its c.ourse lies in the solution passages in
limestone its velocity IS greatly increased, and where the drill
penetrateEl such c~evices the flow .is, proporti.onfttely abundant.
Even th~ delivery .of .the 'sandstone is no dQubt incr-eased by cpmof the li1l1~stone8.
munication
with
the, m.ore .op~n ways
,
, " .. _:'
"
.
•
':,H'
.
"

' The Saint Peter, struck, at Nebraska City, at a depth of , 2.783 feet. ,although
"
,

iI4 teet thick. was 'found dry.
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CLOGGING OF THE 'VATER BED.

The yield of,s9me
wells diminishes because the water bed bev
comes clogged. Fine material in the rock is carried little by little
toward the well and accumulates immediately about the drill hole
in the ·i nterstices between the larger grains, thus lessening the
porosity and the transmission capacity of the aquifer an!ilessening correspondingly the yield of the well. The danger is believed
to obtain especially with incoherent sands,tones which have large
diversity in size of grain and contain material of siltlike fineness"
either interleaved or dissem~nated through it. In the main water
beds of Iowa-the Cambrian and Ordovician sandstones-clogging to any noticeable extent from this cause should be rare.
In the artesian wells at Savannah, Georgia, an eff€ctual remedy
~or clogging wa~ ~found in forcing a strong flow down the well
by means of fire engines.
: Clogging may be the result of the growth of microscopic plant
life and gelatinous deposits of iron, as in Linwood Park
well at Dubuque, where the obstruction was a fibrous growth,
probably of Crenothrix,and where churning an iron rod in the
well doubled the diminished flow.
,
,' ~Y:~RDRAFT

ON

WATER BEDS .

Artesian wells may fail because of overdraft. In many large
towns and cities the fact that a copious supply of water, whose
purity is above suspicion, can be obtained at moderatte cost,
1eads lo the multiplication of wells beyond the local transmissIon
'capabity of the aquifers. The head 9f old wells gradually
.. 'diminishes and that of new wells dtille'd from time to time fails
to feach the initial head of ,the weIis first drilled. The opening
'of a'well of unusually large yield, resulting from its exceptionally
large diameter or from its locat~on on low ground, may cause
a sudden fall of pressure in all the wells of'the locality.
.:: :whlalJy, the artesian head in a iocality may be so reduced t,hat
'a tlthe wells cease to flow and all r,equire .pumping. The cause
of 'thi~ towering ofa.rtesian head is simply t~at more water IS
b"eing drawn from the water beds at this place' than can flow in.
The storage capacity of the artesIan basin is not overdrawn, nor
is fhere 'a 'deficiency in the rainfall and absorption ove·r the area
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of supply of the artesian system. The limiting factor is the
transmission capacity of the water-bearing strata at that locality.
For such a condition there is obviously no remedy. The Ipost
that can be done is to guard against any waste of the water,
either above ground or by leakage below the surface. The real
overdraft may be due not to ~ecessary consumption but to leakage from a number of wells.
. .
In the towns and cities of Iowa where many wells have
been drilled loss of pressure has been note'd too generally to be
accounted for by deterioration of individual wells. Such a loss,
for instance, has occurred a;t Dubuque, Clinton, Davenport, Burlington, ~eokukand elsewhere (p. 155). In none of these places
has the decrease been sufficient to wholly prevent artesian flow,
though in several pumps are us,ed to increase the yield.
REMEDIES FOR DECREASED YIELD.

. The first step . in remedying decreas~d yield is to discover
whether the error is not in the well itself. EVEm when properly
constructed the mechanism of a deep well can not be expected to
last indefinitely. Packing may deteriorate with age .and leaks
develop about the lower end of the uppermost casing. Casings
in time rust out, and under the chemical action of certain waters
this deterioration may be rapid. The casing II,lay be a:ttacked at
the joints, the screw threads becoming so rusted that when the
casing is drawn to recase the well each joint has to be lifted
separately; or the water may corrode the sides of the casing,
perforating it with holes as large, sometimes, as a 5-cent piece,
thus causing leakage. The remedy here is to recase the well.
In a number of Iowa wells where this has been done the initial
yield has been restored. Thus the Atlee well, at For,t Madison,
used for a public fountain in the street and for a private fountain on the ' grounds of the owner, which lost its head of 55
pounds, is said to have had this entirely restored by recasing.
Unfortunately a well rriay be drilled a little out of vertical and
the insertion of a casing is impossibl,e when a need of repairs
arises. An example is afforded by the deep well at Monticellc~
one of the oldest artesian wells of the state, which ful"'~ suo/.'{
excellent water but had to be abandoned because the <'.!ock(s!l
bore hole prevented the essential repairs.
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In wells ending in sand the screen at the foot may become incrusted and the flow of the water stopped. The remedies for
this are discussed on pages. 219-226.
In many oil wells an increase in yield has been obtained' by
torpedoing with nitroglycerin. This method has not been attempted with the· Iowa ,a rtesian wells, nor, indeed, can it be
recommended except as a last resort where drill holes would
otherwise be failures. In close-textured limestones the shattering of the rock under the torpedo may not extend to any passageways. It must be remember·ed tnat an artesian well is expected to be far more permanent than an oil well. Torpedoing a
well usually not only makes .it impossible to sink it deeper but
also to repair it at any time.
Still less excusable is the use of nitroglycerin in repairing drill
holes. At Vinton in 191,0 two adjacent deep wells needed repairs
of the same nature and extent. In attempting to pull ,a corroded
casing in t~e north well several shots of high explosives were
fired ~nd the drill hole was so damaged that the total cost of
the repairs exceeded $7,400, whereas the repairs on the south
well made by an experienced company cost but $1,600.
STATISTICS OF DECREASED YIELD.

The following tables present all the information which has
been gathered concerning the deep wells of Iowa which have
been abandoned or whose yield has decreased:
,
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cleaned out and reamed.

- - - I - __ - - - -

7{J

Oasing rusted.

Loss gradual.

_________ 1 _ _______ 1 __

-23
133

(t)

I

4

24
24
24

23

36

lLoss gradual; increased flow temporarIly by deepen·
ling, cleaning, . and recaslng In 1893.
Loss gradual; no rep airs.

1________ 1_________ 1_________ _

23

1~00

+3I
15 I
+6I

1_________ _ 1_________ _

1,28.'; ' 1896 ' __________ ' ________ 1
9 1----------1
1,285
19M _________ J________
9 __________
1,100 1_______ -'- _________ 1
58 _______

l,30S
1,306

fa

per m1.1l. p er mt.n.

7

46
5'2
81

Z

~

t I Gallo~s I Gallo!,8

30

c:1

~

~

1 I__________ L ________ IFlow temporarily increased by recasing In 1895 and In

87

81
81

Remarks

",0

;::

1,114
1,053 I 1890

.,.,...
""

Yield

~:~.':::=::::l. .:.I .-.:b::~:ll

Schmidt Brewery
SSG
1891
Linwood
No. 1 Cemetery_____ ____ _____________ _ 1,954 I 1801 I
No. 2 __________________ _____ _ 1,765
Butehers' Association ___________ _
Chkallo, Milwaukee & St. Pnul
Ry.; round house _____________ _
.Tulieu House ________
Dubuque Packing Co ___________ _
00 _ _ _ _ _ _ _ _ _ _ _

..!.

r

Original depth, 896 feet; deepened to 1,660 feet In 1898 ..
Loss gradual.

Q

t'j
rJ.l

~
....

~

· Dubuque Brewing ,<;, Malting 00.
E. H emmi ______________________ _
Key Oity Gas 00 ________________ _
Dubu que city wellEighth Avenue _____ " _______ _
Sixth Avenue _______________ _
F ort Madison :
Hospi tal, Atchison, Topcka &
Santa Fe Ry __________________ _
Keokuk:
Hu bingcr
wells
_
Do ___________________________
Ottumwa:
I
Iron wor ks _____________________ _
J ohn Morrell & 00. wellNo .
No .
No.
No.

1
2 _______________________ _
3 ____ ___________________ _
4 _______________________ _

Sabul a city well ______________ ______ _
West Liberty city well:
N o . 1 _______ ____________________ _

No. 2 ____________________________ 1

1,165 ' ____ ____ •_________________ _

9.73

t Few inches.

1----------.----------

1895

1,310
1,310
1 ,908

1888
1900

:::::::=:I:-_ ••:.i-- =;;-;:_-:::::;;;-:---:::;

Loss gradual; original depth, 999 feet; rcpacked, recased , and , drilled to present depth; results benetIcial.
Stopped flowing in 1902, with use of air lifts on BrewIng & Malting Oo.'s well .
Interference of other wells noted .
Slightly decreased by use of air lift In Eagle Point wells
Decreased to one-third normal yield by use of air 11ft
In the Eagle Point wells.
-

(1) ----______ ,_____ ____ _ Loss sudden; yield slightly improved by deepening and
recaslng in 1903.
2,000 _______ . 11904.1906 /________ , ________ --- - - ----- 1--- - - ----- Loss gradual.
2,230
Oeased to flow in 1908.

764

1892

190~

20

.------. ---------- ----"--- --------1---------- ----.------

1,150

1888

__________

1,110

1888

1892

36 _______ -'

1,554
1,702
2,205
973

1E92
1898
1905
1895

]901
1901
1907
1903

--------

1,768

1888
1

1900
1891

t Small .

50 _____ _____________________ __

50
74

64

9 ________

I

594

],
Wilton city welL __________________ _ 1,360

* More or less.

~

1902
1898

I ------i~ ---=20-

Loss gradual; defective packing.

BOO

207

1 ,500
1 ,450
720

214
244
1 ,500
550

Loss gradual; well filled with sediment; flow Increased
by reaming in 1892.
Well filled with sediment.
Do .
Do .
Loss gradual.

120

Gradual loss ; in 1900 water stood 12 feet below curb
and pumping capacit.y was 7<1 gallons . .
Loss gradual; still flows.
Loss gradual; partly reamed In 1900, without effect.

120
225
300

1

>
::0
~

t,:tj

~
~

t,:tj

Z

o

~

t,:tj

Z

>

....
c.'r.
~

....c:n

Abandoned a1·tesian wells.

Location

'OJ5.

Q

2,030

City wellNo. 1 _______________________ _
No. 2 _____________ . __. ______ _ 3,010
2,914
Centerville:
City well No.1 In public square 2,495

I

'C

a
"...os
0

.c

><

><

fl893

1888

1,6711

oS

...
.,oS

I

~

0

...'"
Po.

Gallon •

Gallon.

::0

L___._____

g

OJ

1896 1

m
70
70-80

70-80
200?

100

1

Drilled before waterworks were installed In 1895; never pumped; aban·
doned In favor of new well at a more convenient location.

1900

Original head, 46 feet; head In 1908, 3 feet; loss noted years ago; no
repairs ever made.
Casing gaye way In 1898 and well filled with sand; Inside casing was In·
serted and' well was used a few years, when It again caved and
was abandoned.

600

70

1897

1890

Z

Abandoned for cheaper supply from shallower wells.
Do.

1902 1_________ -1 __________ 1 Water mains extended into park; no deterioration of yield or head.

1902

60

Abandoned because of scanty supply and infection with typhoid germs.
Abandoned because of decreased yield; crooked hole made recaslng
Impossible.

200

Poor water; never used.

1882

tBefore.

Original head, 44 feet; flow ceased; dlsconneeted from waterworks .

69...5

tAmple.

tj

~
~
::0
.~

o

~
Q
Ul

;j
.....
o

~

1 ________ 1__________ 1 ________ _

1890 ,_____ __ _

c::

8trJ
~

per min. per min.

2,500?

1875

Remarks

OJ

---- ----

fl908 1
1906
1900

t:l

200

1888

Newton:
CityNo.
well1 _______________ ____ ____ _
1,400
No. 2 _______________________ _
705
Sigourney ____________ ____ ______ ____ _ 1,888
Clinton:
Dewitt Park ____________________ ,

t:l
oS

1890
1897

Fort Madison:
Brown Paper Co. _____________ _

Glenwood:
Asylum for Feeble·minded __ --- 1.910
Monticello:
Oity well _. ____________________ _ 1 ,198

..,;:;<il

0

'a.

Des Moines:
Greenwood Park well _________ _ 3,000
Dubuque:
City well on Eighth Street____ _ 1,310
689

t:l

OJ

Feet

ACk~ft~ well --------------------1
Boone:

OJ

!l
OJ

.c

Yield

'C

'C

00
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OHAPTERV.
CHEMIOAL OOMPOSITION OJ!' UNDERGROUND WATERS.
BY W. S. HENDRIXSON.

INTRODUCTION
NATURE OF ANALYSES.

The analytical work of this investigation has been confined to
determination of those mineral or inorganic constituents that
are commonly :found in nearly all ground waters and that have
an important bearing on the suitability of the waters for municipal and industrial uses. The following are the substances determined:
Silica (SiO.).
Iron (Fe).
Aluminum (AI) .
Calcium (Ca).
Magnesium (Mg) .
Sodium (Na).

Potassium (K).
Carbonate radicle (CO, ).
Bicarbonate radicle (HCO.).
Sulphate radicle (SO.).
Nitrate radicle (NO. ).
Chlorine (Cl).

In calculating the averages of the analyses potassium has
been included with sodium, as potassium was separately determined in only a few of the waters. In most of the analyses not
made by the writer iron and aluminum were determined together
as oxides. In a few analyses silica was included with those
oxides. It is, iherefore, imp-Ossible to find true av·e rages of iron
and aluminum, and these are omitted from the tables. The proportion of the analyses. giving silica separately is large enough
to justify including its average in the table, though the average
can not be rigidly construed. Where considerable quantities.
of nitrate were indicated the nitrate radicle NOs was determjned.
J' , . "
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Many deep-well waters contain amounts of ammonia that
would be sufficient to cause suspicion of poilution if they were
found in waters from shallow wells. The presence of ammonia
in water from deep wells is probably due to the reduction of
nitrates by pyrite or other reducing substances. Whatever the
cause, both the ammonia and the nitrate are to be rega.r ded as
due to fermentation long since completed and therefore as with-'
out significance from the sanitarian's point of view.
Eleven waters are included for which only total solids were obtainable from the analyses. These are waters analyzed only
with a view to their use in boilers, and only the total solids, incrusting matter, and chemicals necessary for softening them
are given; they are included in the general tables because there
are few available analyses of waters in the regions in which they
occur.
The 400 analyses that are tabulated represent waters from all
but two of the 99 counties in the state. The majority are
analyses of waters from wells of the northeastern part, or deepwell district, of the state. Some counties have no wells ()f considerable depth which enter sources· of water of more than local
character. In some this may be due to the absence of easily
available sources of large water supplies, as is apparently true
in some parts of southern Iowa. In ·o thers the existing de'epwater resources have not been developed; for example, six counties-W'o rth, Howard, Chickasaw, Butler, Grundy and Buchanan
-all fa.vorably located in the artesian district, have', so far as
known, no wells ' penetrating the lower sandstones. Five others
. -Mitchell, Floyd, Franklin, Black Hawk and Delaware-have
only one such well each. In these counties theTe are few large
towns, and most of the small towns having water systems procure supplies to me.e t present needs from shallow wells or from
streams.. As they grow and their demands increase a large development of the deep-water resources may be expected.
STATEl\IENT .O F ANALYTICAL RESULTS.
FORM OF ANALYSES.

In the statements of results of analyses by other chemists the
mineral constituents are frequently expressed in the form of
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snIts and oxides. As the oxides of aluminum and iron are commonly weighed together, it is impossible to separate the Iron
and aluminum in the recalculated analyses and their combined
oxides are therefore given in this report unchanged. The same
applies to silica when it was weighed with the oxides of aluminum and iron.
Until recently i,t was customary to represent the results of
. analyses of water in terms of hypothetical compounds as they
were supposed to exist in solution. Many have been the discus.'l ions, not to say controversies, as to whether, for example, calcium would combine with the sulphate radicle rather than with
chlorine, according to inherent selective affinity. All such discussions have been rendered irrelevant by general acceptance of
the ionic theory, for it is now well known that the mineral matt.er in such dilute solutions as ,t he average well water exists almost entirely as free radicles, with the exception of silica, which
js given as Si0 2 • There is no longer any scientific reason why
the results should be represented as compounds, and there is
very little in the way of practical convenience to justify such
practice. It is true that if any given water be evaporated to
dryness the contamed ·substances separate out as compounds
according to the law of least solubility, and in a definite order
according to the relative amounts of the substances present, but
the order would scarcely be the same for ·a ny two waters. The
only logical pr.ocedure is, therefore, to give the constituents as
radicles, though it may be a little confusing to those who are unaccustomed to this mode 'of expressing results.
In the enumeration of radicles that were determined, t~o
forms of combined carbonic acid have been given. As a matter
of fact, Iowa deep-well waters are almost without exception acid
to phenolphthalein and contain free carbon dioxide. The carbonate radicle is regarded, therefor,e, as H00 3 and is so given
in the tabulated results ,of analyses. It has been thought better
in summing up the radicles determined to give the total solid
ma.tter as it would be weighed on evaporation to dryness; that
is, with the carbonates as normal salts. The change on evaporation is represented by the decomposition of acid calcium carbonate, Oa (HOO S )2= Oa00 3 +00 2+H20. The ratio of 2H00 3
11

•
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to COs is 2.03 to 1, or, with sufficient accuracy, 2 to 1. Therefore,
one-half the weight of the bicarbonate radicle, HCOs, is subtracted from the sum of the radicles as they are in solution, to
obtain a figure representing the: probable amount of solids left
by evaporation to dryness and heating to 180· C., laccording to
common practice.
The amount of mineral matter in .solution is given 'in parts
per million instead of in grains per gallon. To avoid any confusion at this point the following considerations may be presented with certain simple rules derived from them for changing
data in one system into their equivalents in another:
1. One liter of water weighs 1,000,000 milligrams, and it follows that 1 milligram or 0.001 gram of solids per liter of water is
.
equivalent to one part per million.
2. One grain per United States gallon is equivalent to 17.118
parts per million, or 0.017118 gram per liter.
To change from one system to another, therefore, the appropriate rule may be selected fr,om the following and applied to
the data at hand.
--To g,et grains per United States' gallon from parts per million,
divide by 17.1; or from grams per liter, divide by 0.0171.
To get parts per million from grains per United States gallon, multiply by 17.1; or to get grams per liter from grains per
United States gallon, multiply by 0.0171.
RECOMPUTATION OF FORMER ANALYSES.

Though there is at the present time very little scientific justification for representing the mineral matter dissolved in water
in terms of compounds, it has been the almost universal custom
till very ·reoently. From such theoretical combinations the temporary and permanent hardness of waters have been determined,
their power to form boiler scale has been calculated, and the
natur,e and amounts of the agents necessary to soften them have
b'een decided. It is not necessary for any of these purposei'!
to assume the existence of compounds in waters (see p. 1(1).
Many persons, howev,er, prefer to have an analysis of water
stated in terms of compounds', and it certainly. is necessary in
the comparison of the qualities of two waters to have the analyses

•
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expressed in the same terms. For ,these reasons it seems desirable to make certain statements regarding the relations of the
two methods of stating results and.to give a logarithmic table to
facilitate the conversion of the data 6f ,one system into those of
the other.
In the calculation of the results of analysis to compounds the
practice is by no means uniform. Perhaps the most common
method is as follows: Granting that the water contains the
usual kinds ,of mineral matter and is acid to phenolphthalein, the
bicarbonate radicle is calculated to calcium and magnesium in
order till it is exhausted. The remaining calcium and magnesium, or very probably magnesium only, is calculated to sulphate. Any remaining SUlphate radicle and also the chlorine
are calculated to sodium compounds, and to potassium if that
element is separately determined. Silicon, iron, and aluminum
are commonly reported as the oxides. The calculation must be
varied, of course, in accordance with the water in hand. This
statement applies to a typical Iowa water of moderate mineralization.
.
In order to facilitate recomputation of analyses of that nature,
a table of logarithmic factors is· given. It contains all the compounds that have been found in conv,e rting the data of ,old analyses for use in this report. Column A contains the logarithms
of the chemical factors necessary to :find the radicles on the left
fi'om their compounds on the right. For example, the factor for
computing the amount of calcium in calcium carbonate is
40.1+100.1, and its logarithm is 0.6027. In column B are the
logarithms of the chemical factors plus · the logarithm of the
factor necessary to convert grains per United States gallon into
parts per million. According to a recent determination of the
Bureau of Standards, this factor is 17.117967, or, with sufficient
accuracy, 17.118, and its logarithm is, 0.23345. The logarithm
for computing parts per million of calcium from grains per
gallon of calcium carbonate is, therefore, 0.8361. As is usual
in such logarithmic tables, the characteristics are omitted. It
is hardly necessary to state that one may obtain logarithms of
compounds corresponding to radicles by subtracting the appropriate logarithmic factor from the logarithms of the weights of
the radicles.

164

UNDERGROUND WATER RESOURCES OF IOWA

Logarithmic jacto'rs necessa1'Y jor recomputinq analyses.

Amouotof-

10-

Logarithmic
)'actors
A

Ca _____________
Ca_____________
Ca _____ ________
Ca ___________ _
Ca _________ ___
Mg __ __________ .
Mg ___ _________ .
Mg ___ __ ________
Mg _____________
Mg _____________
Mg _______ ___ __
Na _____ __ ______
Na ______ _______
Na _________ • ___
Na __________ __ _
Na _____________
K ______________
K __ ________ ___ _
K ______________
~

K ______________

K ______________
K ______________
Fe _____________
Fe _____________
AL _____________

CaCO._________ 0.6027
CaSO. _______ __
.4691
Ca(HCO s), ___
.3934
CaCl,_ ..'_______
.
.55n
CaO ___________
.8542
MgCO,________
,4605
MgSO. ________
.3060
MgCl, _________
.4077
Mg(HCO.). ___
.2213
MgO ___________
.7807
Mg,P,O. ______ .
.3399
Na2 CO, ________
.6380
NaHCO. ______
.4381
N a,SO. ________
.5109
NaCL ___ ______
.5955
Na, O _______ ___
.8706
K.C0 3 -- _______
.752~
K.SO. _________
.6523
KCL ___________
.7200
K , O ___________ .
.9193
KHCO, ______ _
.5921
K,PtCl. _______
.2073
Fe,O. __ _______ _ . 8449
.6833
F
eC0
3--------AI,O, _______ __ _
.7245

Amouotof-

10-

---

B
0.8Wl
.7025
.6268
.7912
.0876
.69 II
.5394
.6411
.4547
.0142
.5784
.8714
.6716
.7444
.8290
.1041
.9804
. 8858
.9534
.1528
.8255
.4407
.0783
.9168
.9580

Logarithmic
Factors
A

I

C l ______________
CL _____________
Cl ______________
C l ______________
SO. ____________
SO.____________
So. ____________
So. __ __ ________.
SO. ____________
SO. _____________
Co --________ __
CO,s______ _____ _
CO. __________ __
CO,----________
Co.---- ________
Co, _________ __ _
NH • ____________
NH. ___ _____ ___ .
HCO, __________
RCO, __________
HCO, __________
HCO __________
HCO,s__________
HC0 _________ _
3

CaCl, _____ _ 0.8053
MgCl, _____
.8717
NaCL _____
.7825
KCL _____
.6769
CaSO. _____
.8485
Mgf,O. ____
.9018
Na,SO. ___ .
.8298
K,SO. _____
.7411
BaSO. ____ _
.6143
So, ________
.079)
CaCO, ____ .
.n77
MgCO. ____
520
Na,CO. ____
.7524
K,CO, ___ __
. 6373
FeCO, ____ .
.7141
CO, _______ _ .1347
NH 3 ______ _
.0248
N __________ .
.1091
Na.C0 3 ____
.9393
K,CO. _____
.0545
CaCO, _____ .9140
MgCO. ____
.8397
F eCO, ____ _ .9777
CO, ________
.6918

-1

B
0 .0388
.1052
.0159
.9103
.0819
.1353
.0632
.9745
.8478
.3126
.0112
.0855
.9859
.8708
.9475
.3681
.2583
.3426
.1727
.2879
.1474
.0731
.2111
.~51

CHEMICAL COMPOSITION OF WATER .BY DISTRICTS
To facilitate the study of well waters in relation to geogr'aphic
distribution, the state has been subdivided into eight arbitrary
districts (see fig. 2), known as the northeast, north-central, northwest, east-central, central, southeast, south-central and southwest districts. The composition of the waters will be discussed
according to these districts, the 'a nalyses within ea.ch being arranged alphabetically by counties. The tables contain -both
analyses of well waters made .o riginally for this report and those
received from other sources.
NORTHEAST AND NORTH-CENTRAL DISTRICTS.

The northeast and north-central districts contain most O'f the
slightly mineralized water of the state. The quality of the waters in the two districts is so nearly the same that both may as
well be considered together.
With two exceptions-those of the deep wells at Bancroft and
McGregor-the solids of the deep-well waters do not reach 1,000
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parts per million, and in only three waters do they much ,exceed
500. The McGregor well is unnecessarily deep, for there are
several ,o thers at ,t he s'ame place and at North McGr,egor which
have only about half its depth and yet yield an abundance of excellent water. Its excess of solids is due to salt, and it is the
only well in thes'e two districts that shows this substance in considerable amount.
The following table shows the average ,amounts of certain constituents carried by the deep and shallow wells in these two sections:
Average mineral content of wate7'S in' nQ7·theast and nQ7·th-centml districts of Iowa
[Parts per million]
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Northeast Distrlct80 deep wells _______
20 shallow wells ______

North-Central
District7 deep welJs __ _________
:f1 shallow wells _______

10

6S

81-

28

15

89

32

16

847

88

24
12

851
888

11
18

87
99

88

20
258

828
418

92

14

489
454

32

321

88

68

8.8

aThe sum of the constituents minus one-half the bicarbonate radicle.

The average s,olids for the deep wells and for the shallow wells
of the districts are nearly the same. The best wells of each sort
contain about 270 parts per million of mineral matter. The shallow-well waters are as uniformly good as the waters of the deep
wells, the only two shallow wells approaching or reaching 1,000
parts of solids being those at Bancr,o ft and at New Hampton.
The waters of a few of the best wells of both classes contain
about the same amounts of solids as the waters of Des Moines,
Iowa, and Cedar rivers, which rise in these districts. The shallower well's, unlike many in the southern ,a nd southwestern parts
of the state, are not commonly located in the flood plains of
rivers. In fact flood plains are less common in this part of the
state, the rivers more often flowing between bluffs of considerable height.
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With the exception noted at McGregor the waters of the districts are entirely normal-that is, they contain for the most
part magnesium, calcium, and bicarbonates, and the harder ones
contain notable amounts of sulphates. They are the best boiler
waters of the state, as well as the best for general municipal
and industrial purposes.

..-

Analyses of water in the northeast district of Iowa.
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Garner _____________ _ Chicago, Milwaukee
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UNDERGROUND WATER RESOURCES OF IOWA

CHEMICAL COMPOSITION OF WATERS
TRICT.

OF THE NORTHWEST DIS-

Hard waters abound in Kossuth and Humboldt counties in the
western part of the north-central district of the state, and in Emmet, Palo Alto, Pocahontas and Calhoun counties in the east·
ern part of the northwest district. Hard waters are, in fact,
the rule throughout the northwest district, the average in total
solids for all deep wells within the district being 1,425 parts,
and for shallow wells 857 parts per million, as indicated in the
following table:
A vemge mine?'al content of wate?'s i;" the n01,thwest dist?'ict of Iou;a,
(Parts per million,)
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aSum of the constituents minus one-half the bicarbonate radicle,

The deep wells, unlike those of the northeast and north~cen
tral districts, contain hard waters as the rule and soft waters as
the rare exception. The only deep waters containing less than
1,000 parts per million of solids are those at Emmetsburg, in
Palo Alto county, and at Manson, in . Calhoun county. The
former belongs to the class .of those considered in the northeast
and north-central districts, for it contains only 410 parts of
solids. The well is in a location where the Cretaceous forms the
surface rock. The shallow wells in the county yield hard water,
and the Emmetsburg well is probably one in which the casing
was very successfully done, the upper hard waters having been
effectively excluded, The well at Manson is the only deep well
in the state whose water was found to contain normal carbonates;. the magnesium and calcium in it are very low, the -solids
being mostly alkaline chlorides and sulphates. It may b~ ', questioned whether its comparatively soft water 'aI!,d its, alkalinity
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may not be due to contamination by surface water owing to
faulty casing.
'T here are few deep wells in the northwest district. Out
course, possible that future borings may develop the fact that
good deep well water may obtain in this section.
The waters from shallow wells show a very great variation in
quality, ranging fr,om those comparable with the bE:st well waters of the northeast district to those containing more thall
2,000 parts of solids per million, as in 0 'Brien county. The wells
in the river bottoms, such as those at Sioux City, supply waters
almost uniformly good, but the deeper drift wells: usually contain hard water. Of the wells which do not enter rock and
which supply soft water a large proportion are known to derive their water from river alluvium. All but two of the remaining wells of this class ar,e located near rivers and may get
their water in part or wholly from the same source. It may,
therefore~ fairly be questioned whether ,a ny considerable number of wells of this district supply slightly mineralized waters
wholly from the drift. Aside from the two deep wells already
discussed the well of Henry Steinecke, of Aurelia, which is supposed to ,e nter the Dakota sandstone, is the only one in the
district so far as investigated that enters rock and supplies comparatively soft water.
·Detailed ,a nalyses follow.
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Analyses of wate1' in the northwest district of Iowa.
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Analyses of water in the northwest district of Iowa-Continued.
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CHEMICAL COMPOSITION OF WATERS OF THE EAST-CENTRAL DIS. TRICT.

The following table of averages is made from analyses showing great diversity in the quality of the waters, in both the
deep and the shallow wells, of the east-central district.
Avel'age minCl'al eontent of the watel's of the eas t · ce\~tl'al distl'ict of Iowa,.
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On the Mississippi at Clinton are many deep wells whose
water.s ·a re among the best, having only 100 parts .of solids more
than the well waters at Duhuque. The Clinton waters a,r e really
not harder than those at Dubuque, as hardness is ordinarily
understood and determined by the soap test-that is, their caleium and magnesium are no more abundant and their excess of
solids is made up of alkalies, chlorides and sulphates. The
same is practically true of the wells at Davenport, whe-re the
waters carry more than 1,000 parts per million of solids, but
the calcium and magnesium 'a re actually smaller in amount, the
excess over Dubuque being due to the alkalies. The tendency
is for the amounts of sodium and potassium in well waters to
increase down the river until at Keokuk these radicles amount
to about 900 parts. The deep wells at Tipton, in Cedar eounty,
at Vinton, in Benton county, ,a nd at Cedar Rapids, Monticello,
and Green Island all yield good water. Vinton may be regarded
as about the western limit of the area of good water, since the
ell at that place yields only lightly mineralized water, whereHS those f.arther south at West Liberty and Wilton contain
mor·e than 1,000 parts of solids. . The line from Vinton through
Iowa City to Davenport forms the southwestern boundary of
the district of good deep well water in the district. This line
coincides in a general way with the median line of the strip of
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the Devonian rocks whose trend is' from northwest to southeast.
(See PIs. I, IV.) Southwest of this line all deep-well waters
are comparatively highly mineralized, as shown by the analyses from Amana, Homestead, Wilton, West Liberty, and Grinnell. The average solids in deep-well water at Grinnell since
the first well was drilled 15 years ago have been about 1,200
parts per million, but well No. 2 at its best contained only 881
parts. It is probably true generally that wells peneb;ating thick
layers of Carbonifer,ous and Devonian for:m.;ttions, as at Grinnell, take from them more or less of their ;aters, owing to imperfect casings', and the waters yielded by such wells rarely
or never show the quality of the water of the deeper sandstone
formations which they penetrate.
The waters of the shallow wells of the east-central district
show great variation. Generally speaking, those in the eastern
and especially the northeastern portion have low total solids
and are to be rated with thos.e of .the wells of the northeast
district in regard to quality; probably they draw their water
from drift having the same origin and the same general character. On the other hand, wells in the western part of the district
have, as a rule, hard waters. A well-riIarked area of hard waters
from wells in the drift and upper strata may be considered to
center not far from Tarna, in Tama county. All waters in Tama
county, so far as investigated, are hard with the exception of
that from the very shallow city well at Tama, which probably
derives its water from the underflow of Iowa river. The
area includes numerous wells, many ,of them flowing, in the
noted Belle Plaine neighborhood. As far south and east as
Marengo flowing wells deliver very hard water. It is possible
that the same area may extend as far as Amana and Homestead
Hnd may account for the hardness of the waters in the deep
wells at those places. Farther south, at Williamsburg, the drift
wells yield waters that are comparatively little mineralized. All
wells investigated in Poweshiek county, save that at Brooklyn.
yield hard waters. It is pr,obably true that the Brooklyn well
is not exclusively a drift well but obtains its water in part from
river alluvitilll.
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UNDERGROUND WATER RESOURCES OF IOWA

OHEMIOAL COMPOSITION OF WATERS OF THE CENTRAL DISTRICT.

The central district of Iowa .contains few d~ep wells, but they
are fairly well distributed. The northeastern part falls within
the territory of good deep wells. It is an interesting fact that
in Hamilton, Hardin, Grundy and Marshall, the four counties
nearest the northeast corner of the district, in all of which the
artesian possibilities are probably best, there is ,only one .deep
well, except the deep gas boring at Webster City, which prob~bly
receives water from all horizons and therefore can not be used
for purposes of progno.stication.
The one deep well is at Ackley, in Hardin county. Its water
contains 605 parts ,of solids per million and is the best df\epwell water in the district, if judged by total solids alone. Fort
Dodge has tl1e next best deep welll.fi the order of .solids, but not
in the order of softness of water. Though the well at Ames, in
Story county, and at Jefferson, in Greene county, supply waters
containing more than 1,100 parts of solids, these waters are as
low in calcium and magnesium as the waters from the deep well~
at Davenport, and, as at Davenport, by far the larger portion
of their solids consists of sodium chloride and sulphates. The
waters of all other deep wells of the district contain large
amounts of solids and are also very hard, ,as rated by their content of calcium and magnesium.
The average mineral matter in the waters of the shallow wells
of the central district is about half that in the deep-well waters,
the ratio being 873 to 1,759. The waters of the shallow wells are
not excessively hard .save in Marshall and Polk counties and in
the region immediately surrounding Colfax in Jasper county.
There is a rather close analogy between the mineral matter of
the Colfax waters and that of the waters of sh~llow wells at
Des Moines, and tbe wells at both places apparently draw their
waters from the same source, the Upper Carboniferous or Pennsylvanian. The shallow-well waters of Webster and Hamilto:o.
counties are moderately hard. All other counties of the district
show shallow-well waters which could, at no great disadvantage,
be compared with the waters of shallow wells in the eastern part
of the state.
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Average mine1'nl content of waters of the central district of Iowa
[Parts per million.]
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a Sum of constituents minus one-balf the bicarbonate radicle.

The average total s'olids for the deep wells of the district is
1,759; they vary all the way from the 605 parts of" solids at
Ackley to the 4,369 parts in the deep well at Newton, which
is now abandoned. Newton' now draws its water supply from
driven wells in the valley of South Skunk river.
It is very probable that the four northe'a stern counties of the
district should be included with those of the northeast district.
They have no deep wells but from their location should have
good deep artesian possibilities, though, of cours,e, as the four
counties lie farther to the south and west, water of the same
degree of freedom from mineral matter could not be expected.
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UNDERGROUND WATER HESOURCES OF -IOWA

CHEMICAL COMPOSITION OF WATERS OF 'I'HE SOUTHEAST DISTRICT.

The rocks of the Mississippian and Pennsylvanian series,
\vhich lie nearest the surface in the southeast district, as a rule
contain highly mineralized waters. The waters of the Saint
Peter and the deel)er aquifers are much better but are nevertheJess more highly mineralized than the waters of the same aquifers farther to the north and east. In a number of deep wells
the higher mineralization of the water may be ascribed to d.efective casing which allows the sulphated waters of the country
rock to enter.
hen deep wells are being drilled the waters of
f~ach aquifer should be analyzed and all deleterious waters should
be thQroughly cased out. Such precautions and the use of inner
tubes leading directly to the lower aquifers will probably greatly
lessen the danger of failure. The least promising part of the
area is in Keokuk and Mahaska counties. In quantity, the
artesian supply of the southeast district is unexcelled within
the state.
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aSum of the constituents minus one·half the bicarbonate radicIe.

All ,deep ,veIls of the southeast district yield hard, heavily
mineralized waters. The best are the wells at Ottumwa and
the very deep well in Crapo Park, Burlington. All other well
waters at Burlington so far as analyzed are very hard. The
great amount of solids of the wells reaching oilly into the Devonian may come largely from the Carboniferou8, at any rate
in the Clinton-Copeland Co. 's well, for that is cased only to a
depth of 70 feet. It is evident that this water does not ,sensibly
enter into the Crapo Park well, a fact which is difficult to understand, as the well is cased to 18 feet only. This water is very

CHEMICAL COMPOSITION OF UNDERGROUND WATERS
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high in incrusting solids and also contains large amounts of
sodium and potassium. Water of about the same amount of
total solids but lower in calcium and magnesium and higher in
alkalies and chlorides is found in the deep wells at Keokuk.
This water as it occurs at either place can hardly be called suitable for any purposes save for extinguishing fires and sprinkling streets. The waters at Ottumwa, Washington, and even at
Mount Pleasant, may be used if no better can be obtained and
if a great deal of mineral matter is overlooked for the sake
of probable organic purity.
The wells at Keokuk end in tp.e Maquoketa, and those whose
waters have been analyzed have about the same depths, 700 to
769 feet. The three deepest ones have about the same amounts
of solids. The Young Men's Ohristian Asso~iation well is cased
only to a depth of 56 feet, which is pr,obahly to rock, and hence
this well, and probably the two deeper ones, receive water from '
all penetrated strata that are water-bearing, as the quality of
their waters is the same. It seems probable also that at both
Burlington and Keokuk no serious attempt was ina de to case
out upper waters in the '.VeIls whose analyses are here given,
though it ought to be easily. practicable in wells of such depth.
Shallow wells from 100 to 300 . feet deep seem to be rare m
this section, for few could be found. Apparently, with the exceptions noted, the people are dependent on river water in the
larger towns and on very shaUow wells in the small towns and
rural districts. The number of shallow wells investigated is too
small to permit very definite generalizations to be made. With
one or two exceptions all drift wells of the shallow sort supply
soft water, while all wells which penetrate rock supply hard,
usually very hard water.
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CHEMICAL COMPOSITION OF WATERS OF THE SOUTH-CENTRAL Al\"'])
SOUTHWEST DISTRICTS.

There are few deep wells in the southwest and south-centraL
districts, and the waters ,of these are without exception hard. _
Some of them are too heavily mineralized to be used for any
purpose. Three wells in Marion county all cont,a in more than
8,000 parts of solids. As shown by the well of Thomas Craig,
near Knoxville, which is only 346 feet deep, the hard water
probably comes fr,om the upper rock strata, though it may come
from the lower beds also. This conclusion is reached by comparing the water of this well with the waters from the deep
wells at Pella ,a nd at Flagler. The similarity of the solids in
quality 'and in quantity indicates that the waters have a common
origin. The character of the water at Pella has been used, perhaps justly, to discourage deep drilling in that pad of the state.
It should be said however, that this water probably comes from
strata lying very little, if any, deeper than those in the Craig
well, and not from the Saint Peter, in which the wen is supposed
to have its footing. If this is true, it is not impossible that
the hard water could be shut out and a reasonably good supply
obtained by using deep casings, carefully put in, in borings of
equal or greater depth in this vicinity. The Saint Peter alone
did not seem to yield enough water in the P ella well, and the
casing was raised so as to admit the harder water.
The best deep wells in the 'southwest and south-central districts are at Council Bluffs and at Dunlap, both near Missouri
river. Though all are about equally high in mineral content, the
wlells at Council Bluffs have the advantage of containing only
small amounts of calcium and magnesium, and on that account
,
they may be rated as soft waters.
Two deep wells at Glenwood, about 2,000 feet deep, yield highly
mineralized waters but have long been in use, one. to s-q,pply the
city and the other the institution for the feeble-minded. The
latter well is supposed not to go below the Silurian and its water is better than that of the city well, which probably enters
the Maquoketa, in containing less calcium and magnesium. This
well has' now been abandoned on account of contamination anu
insufficiency of water, and 'a new supply for the institution has
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been
. obtained from shallow wells in the alluvium near Missouri
river. Water from one of the test wells contained 460 parts
per million of solids;.
The latest deep well to be drilled in this part of the state is at
Bedford, in Taylor county, and. reaches a depth of 2,000 feet.
An analysis of water encountered at 1,300 feet showed 4,827
parts per million of solids, mostly salt, chlorine being 2,545
parts. Another vein of very different water was struck at about
2,000 feet. An analysis of water at this depth showed about half
as much salt, though the total solids reached 5.373 parts per
million. The lower water contains large amounts of calcium,
magnesium, and sulphate radicle and the water last analyzed
was a mixture in about equal volumes of the flows from the
two sources.
From the data now at hand the outlook for good deep-well
water in the southwest and south-central districts is not encouraging. The Bedford well reaches only into the Silurian
at 2,000 feet, and its botto.m is probably several hundred feet
above the great sandstone formations, which are doubtfully pro- .
ductive of good water in quantity in that locality. Their depth
is certainly at about the limit of practicable drilling, not to mention the great difficulties of putting down casings to. sufficient
depths t.o shut out the undesirable waters that have been encountered at every point where deep wells have been drilled.
Not only are the deep-well waters in this secti.on highly mineralized, but the same is true ,of every water analyzed fr.om a
well which is known to enter rock. The Carboniferous and the
Cretaceous cover the entire region and seemingly supply hard
·water. On the .other hand, no other region of the state is so well
supplied with small riv·e rs having broad valleys that contain
water-bearing sand layers. At least a dozen .of these rivers or
large branches .of rivers flow through the south-central and southwest districts, generally in a southwesterly direction, and enter
into the Missouri. Many towns get their water supplies from the
sands in the flood plains or valleys of these rivers. N.otable examples are Red Oak, Elliott, Griswold and Atlantic, on the Nish. nabotna, and Clarinda, Villisca and Corning, on the Nodaway.
Where water is thus obtainable driven.or dug wells in river val-
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leys in this part of the state are the best sources. Many districts
away from rivers in Mahaska, Marion and Monroe counties find
the water problem a serious one. In some localities gravel and
sand layers in the drift .s upply abundant waters to driven or
bored wells, and this is true over large portions of Mills, Page,
Appanoose and probably Union counties. Union county seems
to be particularly well supplied with water; at least four
branches of Platte and Grand rivers flow across it, and C. A.
W4ite of Talmage writes that it contains very many unf.ailing
springs, that there are large areas of sand and gravel which
supply abundant water, and that there is probably not a farm in
the county that can not easily have a constant supply of good
water.
Average mineral conten.t 01 waters in the south·central ana southwest aistricts
of Iowa.
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Analyst"S of waters in the southwest district of Iowa-Continued.
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SUMMARY OF QUAJJITY OF IOWA WATERS, BY DISTRICTS.
WATERS OF THE DEEP WELLS.
QUALITY.

In this paper all wells that penetrate at least the Saint Peter
sandstone, and all other wells more than 700 feet deep are considered to be deep wells.
The average mineral content of the deep wells in the various
districts ·is summarized in the following table:
Avemg€' mineraZ content of waters from deep weZZs in Iowa.
[Parts per million.]
~

~'Cl

"'.,

District

oS ..
-oS

."
0 ...

.,1>

.0 oj

S'"
,,~

z

';'
0

§

oj

:i5
a5

';G
~

8
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~

B
Q

Oil
~
8

.:!

.,'"

..
tl

oS

I ::;:

Northeast ------ ------------30
10
6S
31
North·central ------- --------7
11
87
33
Nortbwest - -- ----- --- -------9
16
210
67
East-Central ------- --------35
10
103
47
]0
Central - --------------------14
174
62
Southeast ---- -- ----- --- -- --16
15
143
56
South-central and southw.c st
13
32
157
66
aSum of the constituents minus one-half the bicarbonate
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20
181
182
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.,-;;
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~8
0tI:
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.o ~
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""
iii-

286
46S

321
328
373
326
262
285

6]8

346

.,

'0

:aoS
.,...

S.,

.0.
",0

.9...

'I;j~

,,·m
~m

38
92
719
425
947
998
1,484

<l

0

:a

Q

24
14
10
83
19
256
556

'"
~

"0

'"

t!0

<-

1151
439
1,425
978
1,759
1,978
3,657

radicle .

The' deep-well waters of the northeast, north-central, and eas,,central districts are decidedly lower in the amount of mineral
matter they contain than the waters of the other districts,
and it may be inferred that increase of mineral content progresses from the northeast to the southwest co'r uer of the
state.
The change in the mineral content is, ho,wever, abrupt, and
not progressive. (See PI. IV.) This can be strikingly illustrated by tabulating the total solids of the deep waters 'a long
north-south and east-west lines across the state. In the first.
tabulation figures for waters along east-west lines are given
with the locations and depths of the wells, the sharp transition
in amount of dissolved mineral matter on each line _being indicated by heavy rules. Column A represents the waters of wells
beginning at McGregor, Clayton county, and going west to
Big Sioux river along a line passing through the second tier
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of counties from the north. Column B contains wells for the
most part in the fourth tier of countie·s from the north, along
a line beginning at Dubuque and ending at Sioux City. Column
o includes wells mostly in the sixth tier of counties beginning
at Clinton and ending at Logan in Harrison county. The figure
for Grinnell represents the best deep water found there, that
of city well No.4; the water from mos,t of the Grinnell wells
contains about 1,200 part!? of solids per million, a great change
having taken place since the first well was put down ' in 1894,
doubtless owing to the imperfect casing of Carbonifer,ous and
Silurian waters. Column D represents wells-in the eighth and
ninth , (the two southernmost) tiers of counties. Fewer wells
have been drilled in this part of the state than elsewllere, but
these are sufficient to show that all the present wells along the
southern line yield waters of high mineral content.
Ohange in total solids in wen waters along east-west lines.
A.

B.
Total

_ _L_o_ca_t_io,....n_o_f_w_ell__

Depth

~

Parts per
Feet
million
520
4B8
1,228
806
1,1>88
295

McGregor, City No. 1_____
Calmar ________________ .
Charles City _____________
Mason Citya ______________
651
Algona _________________
1,050
Emmetsburg _________ __ ___
874
Sanborn ___________________ ~
Hull _______________________
1,'>..'>6

8iO

647
410
~

2,295

C.

Location of well

I

Location of well

Total
Solids

Depth

--------- - - - - - Dubuque b __________________
Manchester ___________ _______
Waterloo ______ _____________
Fort Dodge _______________
Manson _____ _ ___________

HOiStein __________________

Sioux City __________________

Feet
1,200
1,870
1,373
1,827
~

Parts per
million
268
309
468
867
651

2,OO4--rm
2,011

1,689 '

D.

Depth

Total
Solids

•
I,ocation of well

Depth

Total
Solids

-------- - - - - - - - - - - - - - - - - - - - - Clint on _____________ _______
Tipton
Homestead ___________ ., .. __
Amana _________________ _____
Grinnell, City No. 2_________
Des Moines 0 ________________
Dunlap '-_________._____ ______
Logan _______________________

n_____ _____________

aCity well No.2.
b City 8-inch well.
o Greenwood Park well.
a Crapo Park well.

Feet

1,1165

~

2,224
1,640
2,O'J2
3,000
1,535
82]

Parts per
million
451
~

1,016
1,033
881
2,941
1,374
1,578

Burlingtona ________________
Mount Pleasant e ___ ~ ______
Fort Madison _______________
Ottumwa! __________________
Centerville __________________
Leon _________________ ________
Bedford ____________ ________
GIenwoodg _________________
e Well at State Hospital.
fWell of J . Morrell Co.
gaity well.

Feet

Parts per
million

~--rooo .

1,230
689
2,200
2,054
' 803
2,002
2,000

1,446
1,967
1,179
2,545
2,696
5, 273
2,349

=
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The -same sharp change in the mineral content ,o f the deep
waters may be observed along north-south lines. Wells yield··
ing soft water occur farther south the nearer they -a re to Mississippi river-that is, such wells occur near the river as far south
as the parallel of Des Moines-but on the meridian of Des
Moines only wells near the northern bord~r -of Iowa supply soft
water. West of this meridian only two or three deep wells have
slightly mineralized water. The relations of the north and south
lines ape shown in Plate IV. Column A in the next table contains the total solids and depths of deep wells on ,o r near Mississippi river, beginning at New Albin and ending at Keokuk.
Column B shows the mineral content of wells near, but not on,
Mississippi river, beginning at Waukon in Allamakee county
and ending at Mount Pleasant in Henry county. Column C
gives. the amount !Of mineral matter in wells beginning at Osage
on the north and extending south in a line approximately parallel to the eastern border of the -s tate and ending at Centerville.
Column D leaves much to be desired. The well at Tama is only
861 feet deep and probably foots in the Silurian, for its mineral content is higher than Wlould be expected in the lower sandstones. The region along Iowa river in Tama, Benton and Iowa
counties is one having waters high in mineral content in the
drift and probably for -some distance in the strata underlying
the drift, as the shallow wells penetrating these strata show. It
may be that the wells of this region are contaminated by the
heavily mineralized waters from beds :far abo-ve the strata in
which the wells foot. The well at Montezuma, depth reported
2,800 feet, had long been unus-e d at. the time the sample was
taken, but the sample was taken only after the well had been
pumped an hour or more. The lowest geologic formation this
well penetrates is unknown. Owing to uncertainties regarding
the Montezuma well the one at Pella was also included in the
series. Oolumn E begins with the well at Emmetsburg and endl'>
with that at Centerville. In general the wells are near Des
Moines river. High mineral content is found a little farther
north on this line than on the next preceding line to the east. The
' line connecting the wells north of Boone marks about the western
limit of lightly mineralized waters in deep wells, and with the
l
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exception of the well at Emmetsburg these wells contain considerably more mineral matter than the wells in the same latitude in the next line east beginning at Osage.
Change in total solids in well waters along nOl·th Jsouth lines.

A.

[

Location

Depth '1'otal
solids

_L_O_C_a_ti_o_n_

--------New Albin ___ _
Lansing ______ _
Village Creek__
McGregor ____ _
Dubuque a ___ _
Sabula _______ •
Olin ton b _____ _

c.

, B.

Parts
Feet per mil.
500
343
868
450
750
372
520
488
],200
268
973
298
1 ,226
420

Davenport c __ 1,067
Burlington a __ 2,430
Fort Madison_
889
Keokuk e ____ _
769

I

.

1,134
1,066

Location

Total
Depth solids

---------

Feet
Waukon ______ 1
600
Postville, city_
515
Monona ______ _
420
Manchester ___ _ 1,870
Anamosa ____ _ 2,200
~.., ipton
_______ _ 2,696
West Liberty_.
Mt. Pleasant__

~l'otR l

Depth solids

1,768
1,239

Parts
permit.
330
382

500
30:}
417
33t
l,U/54

1,446

Parts
Feet per mil.
Osage ________ _
780
460
Charles City __ _ 1, 588
295
Wayerly _____ _ l,7~0
379
' Waterloo _____ _ l,3i3
4e8
Vinton _______ _ 1,402
561
Belle PJaine ___ _ 1,520
Homestead __ _ 2,224
Ottumwa _____ _ 2,200
Centerville ___ _ 2,054

1,980
1,016
l,li9
1,228

1,967
3,589,[

E.

D.
Depth

Location

Total

~olIas

-----.,.------ - - - - - -- Mason Oity _________________ _
Hampton __________________ _
Ackley ______________________ _
Tama _____________________ __
Grinnell _______ __ ____________ _

Fect
062

Parts per
million
2W

1 708
2;032

605

861
2,020

5,532

Montezuma ______ __ __________ (,)2,8(;0
Pella ________________________
1,003
Ottumwa ____________________
2,200

405

900
1,835
8,353
1,179

____
L_o_ca_t_lo_n_ _ _ _ 1 Depth

Emmetsburg ________________ .
Algona _____________________ _
Fort Dodge ________________ _
Dayton ______ : ______ _______ _
~

Boone _______________________ _
Ames ________ _____________ __ _
Des Moines _________________ _
Flagler _____________________ _
Centerville ________________ :_[

_~I~~!

ParIs per
million
410
1,050
647
8(;7
1,827
624
688

Feet

874

3,010

2,215

3,000
752

2,05!

1,711
1,270
2,941
8,831

t 1,228

aCity 8-inch well.
b Sugar RellnJng Co.

c Da venport Ice Co.

dCrapo Park.
eYoung Men's Christian Association.
tThe water of this well was analyzed IIvc times at intervals of about a year .
solids were 1,228 in the first analysis and 2,5~5 in the fourth.

The total

DISTRIBUTION O}<' HARD AND SOFT ·WATERS.

The preceding tables show that the change from lightly mineralized to very haJ.'d waters from north to south and from east
to west is not gradual, as might be· expected, but is sudden}
waters containing almost as small amounts of mineral matter as
any in the state giving place to waters containing two or tnree
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times as much. The dividing line between these two regions of
high and low mineralized waters is approximately shown on
Plate IV. It starts at Davenport, on Mississippi river, and runs
west to Grinnell, then swings in a wide arc northward through
Ames, Manson and Emmetsburg. Thisl location, however,
.should not be too strictly interpreted. .some wells supplying
hard water are north of this line, particularly at Tama 'a nd at
Belle Plaine. Good waters are usually found northeast of the
line if the wells have been properly cased and are kept in good
condition. Reference to the geologic map of Iowa (PI. I, pocket)
and to the account of geologic formations (pp. 105-137) brings
out the relations between the quality of the deep waters and the
character of the rocks from which they come and makes it clear
why the difference in mineral content occurs. The part of the
state northeast of the dividing line (PI. IV) includes the region
where the older sandst.ones and limestones lie immediately under
the surface covering of drift. It also includes considerable
areas of . the Carboniferqus, whose formations yield hard waters in many places. The formations of this system northeast
of the line are; however, the older ones whose waters are less
objectionable than thos:e of the later deposits, and they lie ,so
near: the surface that their waters' can be cased out, thus permitting the entrance of only the good waters from the older
rocks underneath. If the 'a rea were restricted so as to exclude
the 'Carbonifer,ous entirely-that is, .if the line between the Devonian and the Carboniferous were taken as ·the southwestern
boundary-then practically no deep wells yielding hard waters
would be i.ncluded. With few exceptions the total solids in
wells northeast of such line are less than 500 parts per million,
and in most of these are less than 400 parts. A few notable
exceptions occur, as at Davenport and Amana and at McGregor, where the 1,000-foot well going into the basal sandstone yields water containing considerable salt, whereas wells
about 500 feet deep at the same place yield excellent water. The
chief difficulty with the Davenport water is saJt, but the amount
is small. Both D~¥enport and Amana are apparently on the
border of the Devonian and very near the Carboniferous.
,

,

'M'
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With the present material used in casings and the methods
employed in finishing wells, experience' shows that outside of
the northeastern area mentioned above it is very difficult, perhaps wholly impracticable, to procure from the deep-lying sandstones or any other deep-lying stratum water comparable in
quality with that yielded by most of the deep wells in the northeastern part of the state. The strata bearing the very hard waters lie too deep to permit the successful and permanent casing
out of these waters, and in the southwestern part of the state
the lower sandstones ,seem to lie too deep to make it practicable
to reach them with the drill. This practical difficulty of casing
out the upper bad waters apparently explains why some wells
within the Carboniferous area yield good water while others
yield bad water. Future improvements in methods of protecting
deep wells against the influx of undesirable waters from strata
that may be penetrated may result in extension of the area of
wells yielding water of low mineral content.
The waters of deep wells outside the district of good waters
are not necessarily so highly mineralized as to be unfit for use,
though several of them belong to this class. The majority belong to that class of waters whi~h may be used for municipal
supplies if none more satisfactory is available. Only about
twenty-eight cities and towns have wells more than 750 feet
deep. Some places have two or more wells, making the total
number of deep wells in the district ,of poor water about forty.
For the most part they are located in the southeast and northwest districts of the state. The south-central portion of
the state has very few deep wells. In the three southern tiers of counties west of Ottumwa and extending to
the counties bordering on Missouri river seventeen counties
contain only three deep wells-those at Knoxville, Centerville
and Bedford. A study of the records of the forty wells shows
that only two, at Rockwell City and Manson, both just outside of the area of good well water already defined, contain
Jess than 1,000 parts of solids per million. The averag,e of the
total solids for the wells in the twenty-eight .towns, taking only
one typical well in places where there are two ,or more, is 2,434
parts per million. From all the facts it seems probable that the
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southwestern part of the state will have to depend mainly on
water supplies from shallow wells in drift and in river alluvium
or on treated water from the rivers themselves.
WATERS OF THE SHALLOW WELLS.

The term "shallow wells" is used in this paper to describe
wells penetrating lonly the drift and others that do not penetrate
any of the great water-bearing sandstones. Definite statements
like those uSled for deep wells can not be made regarding the
relations between the geographic looation and the mineral conte?t of shallow wells. The averages by districts of the analyses
of water from shallow wells in Iowa are repeated here for comparislon. (See fig. 2.)
.A.vernge mineraZ content Of the waters from shallow wells in Iowa.
(Parts per million) .

.

::!'"
'0.,

o

District

§.
III

"3o

~
iii
NortheasL _________________ _
North·central _______________
Northwest _________________ .
East·central ________________ .
Central ____________________ .
Southeast ~ ____ _____ , _______ .
South·central & southwest

37
00
45
69
29
37

18
24
14
23
27
26

'"'
~9

100
177
124
165
167

32
32

16
253

347
418

J.B
58

(;<)

90

420
360

44

125
]88
374

446
367
363

82
43

83
68
321
495
344

1,040
745

12
8.8

388
454

62
25

!!57

88
69
62

1,031
873
1,931
1,587

The amQunts of mineral matter ·in the waters of the shallow
wells in general parallel those of' the waters of the deep wells
in .the ·same localities, but the relation is only general and
marked exceptions are frequent. Shallow wells derive their
waters more from the country immediately surrounding them,
a.nd the character of their waters, therefore, depends more largelyon local conditions. Some drift wells only a few miles apart
show very different amounts of mineral matter. In certain
areas the drift waters are notably hard; in others they are soft.
Many wells, especiaHy in the southern part of the slt ate, derive
their waters from the sands of river flood plains. Their waters
are usually soft, as a rule containing very little more mineral
matter than the waters of the rivers themselves.

•
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CHAPTER VI.

•

•

MUNICIPAL, DOMESTIC AND INDUSTRIAL WATEH
SUPPLIES.

BY

w.

S. HENDRIXSON.

SOURCES OF SUPPLY

Iowa has few rivers capable of supplying sufficient water
throughout the year to cities of considerable size. According
to the best opinion of the present time there are few rivers and
lakes in any part of the country that are capable of supplying
water suitable :Dor drinking without filtration. The time has
probably passed when the water from any river within the state
or from any bordering river may be used with safety without
treatment.
The Iowa lakes are few, small, and shallow, and ~onsist chiefly
of one group near the northern border of the ·state well to the
west, in Dickinson, Emmet, Clay and Palo Alto counties. No
large towns are near them, and with one or two exceptions the
smaller towns of that vicinity draw their water from other
sources.
But although Iowa has few riv·e rs or lakes affording potable
water through a considerable portion of the year, the conditions are unusually favorable for the storage of ground water
and its easy utilization. Most of the ·features that tend to decrease the amount of surfac.e water are features that tend to
produce a large supply of ground water; the level surface that
gives the rivers slow currents and wide bottoms and flood plains
and the deep drift that affords storage combine to make th·e runoff small and the absorption of water by the soil large.

MUNICIPAL, DOMESTIC AND INDUSTRIAL WATER SUPPLIES

213

If the shallow wells only a few feet deep, which foot below the
water line during most of the year and derive their water from
seepage, are left out of account, there are three main sources
of ground water in Iowa-the drift, the alluvial sands and
gravels 'in the river valleys, and the sandstone and limestone
formations.
Nearly the whole state is covered by deep drift, containing
extensive sand and gravel beds, usually near or just above the
stratifi,ed rock. The beds afford storage for . large quantities
of waier, which in most localities is easily reached by the bored
well or drive point. In many regions these layers seem to be
in the form of ba,sins or troughs and in such loc.alities many
wells flow.
As a rule the small riv-ers of Iowa meander with low velocity
through wide valleys instead of cutting the deep channels oommon in more rugged country. In such valleys shallow, bored,
or driven wells obtain water from the drift layers of sand which
may dip toward the river or from the so-call-ed underflow of
the river alluvium. Commonly the water,s lof wells in the river
alluvium are softer than drift water, the mineral content in
some wells being nearly as low as in the water from the rivers
on whose banks the wells are located. Water supplies from
this source are numerous, especially in the southwestern part
of the state, where there are many such small rivers and streams
and where water from other sources is not so' abundant or easily
reached. Good wells supplYing water from this source
have been driven or dug to depths of thirty to sixty
feet at Red Oak, Griswold, Elliott and Atlantic, all on Nishnabotna river. The average mineral content of their water is
usually less than that of the drift wells and does not greatly exc.eed that of the average river water in that section of the state.
The lower sandstones furnish an abundant supply of fair to
good water to most of the deep wells of 1o'Wa. A few deep wells
in the southern and southwestern parts of the state do not
reach these sandstones, which in -the regions named lie at depths
so great that it is hardly practicable to reach them with the drill
or to case out the hard waters of the strata aborve them.
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Leaving out of account water supplies for fire protection only,
324 towns have waterworks of the more highly developed sort
with standpipes, reservoirs, street mains and fire taps. (See
PI. I, in pocket.) Many towns of fewer than 200 inhabitants are
thus supplied with waterworks, and the fact indicates much for
the prosperity and progressiveness of the people. Of the 324
towns, only six draw their water supplies from lakes or artificial
ponds, chiefly the latter. Twenty-four towns get their water
from rivers anp. 294 from wells. The urban population sup. plied from lakes and po,n ds was 21,000; from rivers, 341,700;
and from wells, 534,500.
From these figures it appear·s that about 60 per cent of the
population of towns having water suplies use well water. It
should be remembered, moreover, that the people of the towns
without public water suplies and nearly the whole of the rural
popUlation use well water. The total population in 1900 was
2,231,853, of which about 84 per c~nt used well water and about
16 per cent water from other ·sources. The population is 1910
was 2,224,721, but it is not probable that the percentage using
well water has markedly changed.
The requirements for ground w.ater are likely to increase
more rapidly than the population. Many of the 324 towns in
LOiWa having water systems of some sort are villages of 150 to
300 inhabitants, and many towns of 500 to 2,000 inhabitants
now without waterworks will be obliged to provide them in the
near future. It is certain that many towns will outgrow their
water systems and must find means of enlargement. In fact,
many municipalities have been obliged to put down more wells,
. and more often to' change from shallow wells having a local
supply of water from the drift to deep wens having their source
of supply in the deep-lying sandstone strata.
Artesian wells in Iowa, excluding flowing wells in drift and
country rock, now ,exceed 250, and the amount of capital invested
in them probably reaches well up to $750,000. Artesian wells in
Iowa ,are used for municipal supply, for state institutions, for
hotels, hospitals and office buildings, for baths and swimming
1

lBased on figures of the Underwriters' handbook of Iowa, in which a r e given
all towns. with their population a nd brief description ()f their means of fire
protection.
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pools, for railway locomotive and shop supply, for stock farms,
and for a wide variety of industries, such as packing houses, gas
plants, glucose factories, breweries and bottling works, lumber,
woolen, paper and powder mills, soap factories, condensed milk
factories, creameries and dairies, ioe plants and iron works. In
one place they have furnished power for a city electric plant.
It is interesting to note the development in stock wells on
Iowa farm s. The primitive stock well, dug only a few feet deep
in a swale and fitted with a hand pump, has always been inadequate and has failed utterly in times of drought. The live
stock interests have developed so rapidly that the need of
perennial supplies of plenty of good water has been keenly felt,
and as a result many farms have been provided with wells 100
to 500 feet deep, and ,some with wells 1,000 feet deep or more.
In such wells pumpsolperated by windmills or gasoline engines
are used instead of hand pumps. In the last few years the farming population has greatly increased in wealth, the values of
farm lands have doubled and even trebled, and the advantages
of a never failing supply of good water for stock and" for
domestic use are being more ahd more appreciated. These facts
make it probable that the deep farm well will soon beoome the
general souroe of water supply of the rural population in those
parts of the state where satisfactory deep wate"r-bearing formations exist.
Underground water is thus the chief source of water supply in
Iowa for all purpolses; and it does not seem probabl,e that it
will ever assume less importance relatively than it now holds.
On the contrary, there are reasons why its importance should
increase. With "the growth of the populatio:p. it seems likely
that river water will become even more unsatisfactory in quality for mlmicipal supplies, though it is po'ssible that improved
methods of filtration for smaller cities and towns may to some
extent remOV'8 the difficulty due to pollution.

ADEQUACY OF WATER SUPPLY
The storage capacity of the aquifers which supply the Iowa
deep wells is condit~oned by their thickness, extent and porosity.
Their supply of water depends on the area of their outcrop-
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the area from which their waters are gathered-and on the rainfall in this area. Without going into any elaborate calculations
it may be said that all conditions necessary for an abundant and
continual yield are ,so fully met that the stora~e capacity of
the Lowa water beds over any large area is far in excess of any
possible draft upon them. Locally they may be overdrawn, but
for the artesian field of Iowa as a whole there need not be the
slightest apprehension of any diminution of supply. The maximum yield of wells is not limited by the present rainfall on the '
collecting area, by the absorption over the a:rea, nor by the storage capacity of the basin, but by the conductivity of the rocks.
,The yield of the Iowa deep wells is comparable with that of
the deep wells of Minnesota, Wisconsin and Illinois', which
draw water from the same formations. It seems at least. equal
the yield ,of the wens of the artesian basin of New Jersey,
where as light or lighter pressures prevail. It is considerably
less than the yield of wells in the artesian basin of the Dakotas, chieflly because of the lower pressure in the Iowa field,
which in turn is due to the more gent1e dip of the Iowa aquifers
-to the lower relative height of the area of supply.

to

SELECTION OF SOURCE OF SUPPLY

Emphasis must be laid on the fact that the writers of this
report offer 'no specific advice as to municipal or other water
supplies. They hold no brief for artesian wells in preference to
other sources of supply, such :as shallow wells or river waters
filtered by any effective method. No city supply should be
chosen ' until all possible. supplies have been carefully investigated. Some towns of ~he state hav,e rested content with a
scanty supply of impure water, where pure artesian water could
be cheaply obtained in large quantities; ,o thers have sunk expensive artesian wells where a far larger and more permanent
supply of good water could have been more cheaply obtained
and maintained from shallow wells, for example, in drift gravels
of adjacent river valleys. But in the selection of a supply the
sinking of a deep well will usually be considered, and any information as to the probable depth, quality and quantity of
artesian waters will be of value whatever source of supply is
chosen.
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WELL DRILLING
DEEP WELLS.

No new methods in drilling deep wells in Iowa have been
introduced sinoe the publication of W. H. Norton',s report on
the artesian wells of the state in 1897: The fol1owing description, summarized from that report, is therefore equally applicable at the present time:
To drill an ,even and straight tube a quarter or a half mile in depth requires
experience and a high degree of mechanical skill. Deep·well drilling has ,be·
CO!lJ,e a special trade. Only one deep well in the state has been put down by
amateur labor, and this proved a costly experiment whose repetition is not
recommended. Most of the wells in Iowa ,have been drilled by firms whose
territory is much wider than the limits of the state, and the methods and the
machinery which they use in Iowa present nothing novel. In all drilling so
far the drill has been the ordinary plunge or churn drill, essentially the same
in action as that employed in sinking common drilled wells. The diamond
drill has been used only in search for coal and building stone.
The rig differs slightly from that used in the oil fields of Pennsylvania and
Ohio, and so fully described by Carll' and by Newell.'
The derrick tower is commonly about 18 feet square at the base and S() feet
high. An adjoining shed contains the forge at which the tools are dressed and
an engine of 15 or 20 horsepower by which the drill is operated and the tools
raised and lowered in the well. The drill consists of a steel chisel·shaped bit,
screwed to an iron auger stem, to the upper end of which is fastened the "slips"
or "jars." These consist of two slotted iron links jOined together by a crosshead and crotch slot permitting a vertical play or Slip, one upon the other, of
about 13 inches, in about the same manner as the play of two links of a
dhain. The bit, the auger stem, and the lower member of the jars, thus fastened together, fall with each downward stroke about 20 inches ' and deliver a
cutting and crushing blow of about 3,500 foot·pounds upon the rock. On the
upward stroke the weight of the rig .above the union of the two members of
the jars delivers an upward blow whose purpose is to jar loose the drill beneath.
No sinker bar is used above the jars. In some Iowa wells the string of drilling
tools just mentioned has been swung from a rope, but in most wells rods of wood
have been used,! each about 33 feet long, with iron couplings. The string of rods
and drill is attached by a swivel and heavy iron chain to the end of the walk·
ing beam, which plays up and down above the mouth of the tube; This chain is
wrapped several times about the end of the beam and is let out little by little
as the drill cuts deeper and deeper into the rock. The temper screw used for
t his purpose in the oil regions is not generally employed.
'Norton, W. H ., Artesian wells of Iowa: Iowa Geol. Survey, vol. 6, 1897, pp. 115428. See also Bowman, Isaiah, Well-drilling methods: Water-Supply Paper. U. S.
Geol. Survey No. 257, 1911.
·Carl1. J. F ., Geology of the oil regions : Second ' Geol. Survey Pennsylvania.
Rept. III, 1880, pp. 284-330.
' Newell, F. H ., Drilling and care of oil wells : Ohio Geol. Survey, vol. 6, 1889,
pp . 476-497.
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Month after month the same tedious routine continues. Night and day a
driller sits at the bench over the boring. As the rods rise and fall with the
monotonous motion of the walking beam, he slowly twists them round and
round so that the drill may strike every portion of the bottom in its rotation
and drill the hole round and true. So simple is this, apparently, that a boy
could do it. But the experienced driller feels every stroke of the drill and the
movement of the jars, and interprets each vibration passing upward from a
thousand feet below. A tyro in his place would churn the water without striking bottom and never know it. When no accidents delay, the drill cuts its way
downward with surprising rapidity, making sometimes 60 or 70 feet a day.
Every few feet the bore becomes clogged with the chips from the drill. The
whole string is then hoisted and the hole cleaned out with the sand DumDa bucket with a suction valve at the bottom-and the drill is again lowered.
This interruption takes less time than one would suppose. In hoisting the
string the foreman sits with his left hand on the hoist lever and his right on
the brake. The scaffold man-stands on a platform in the tower about the length
of a rod above the bench. The third man of the shift stands at the bench, catch
wrench in hand. The string is rapidly hoisted by the engine'; as soon as the
upper end of the second rod from the top appears above the bench the brake is
applied to the hoist, the string stops, the second rod is grasped by the wrench
under the collar of the upper imd. With the weight of the string thus resting
on the wrench and the bench, the scaffold man and the man at the bench together uncouple the upper rod from its connections above and below and set it
at one side. The swivel whirls down and is coupled to the second rod, the hoist
lever is pulled, the string rises, the third rod is caught fast, the second uncoupled,
and so the work goes on. To hoist 1,600 feet of rods and tools .needs only 20
minutes, and less time is taken in lowering them again.
Scar,cely a well is drilled without more or less time being lost by accidents.
Fragments of rocks become detached from the side of the shaft, fall, and wedge
in with the string, preventing the slips from doing their work in jarring loose
the drill. As soon as the drill stops, the sediment, with which the water is thick,
settles about it, fastening it so securely that it can not be dislodged without
special instruments. Fishing for drills ani! other lost tools may be-the longest
and most costly part of drilling a deep well.
Occosionally the drill strikes a slanting crevice and slips to one side. If this
difficulty is not met at once the boring is deflected from vertical and the drill
soon becomes fast. Some crevices can be filled, but most of them must be passed
by a special tool or by casing.
In no well has it been found practicable to drill a deep boring of the same diameter thro-u ghout. Through the incoherent deposits of the Pleistocene the bore
is relatively large-possibly 10 or 12 inches in diameter-and casing of this size
is driven firmly into the underlying rock to shut off all surface and drift waters.
In a few wells Pleistocene gravel, mingled with drillings from lower horizons,
has indicated that this work was not effectively done. Changing the drill to
one of smaller diameter, the drill_e r proceeds with the work until rock so incoherent or fissile, is reached that it caves into the boring. The only remedy is to
case this portion of the shaft. The method of inserting the casing is described
by Mr. Seth Dean' in his description of the Glenwood well, as follow!;; :
lProc. Iowa elv. Eng. and Survey. Soc., 1895, p_ 36.
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"On the lower end of the pipe a cast·steel shoe with a cutting edge was fitted,
the outside diameter of the shoe being a little larger than the coupling bands
that connected the joints of the pipe, so as to give clearance room. Fitted in
this way it was possible to drive a line of pipe through most of the strata after
they had first been pierced by the drill, the shoe cutting out a portion of the
rock somewhat in the manner that a carpenter enlarges a hole in a pi~ce of
wood with a gouge. When the harder beds of limestone were struck, the pipe
was raised a few feet with jacks and the hole enlarged by what is known as an
expansion reamer, a tool so constructed as to pass down inside the casing and
open when it meets with the resistance afforded by the rock bed under the pipe.
When the friction of the mass of earth and shale against the sides of the pipe be·
came so great that it could not be driven farther without danger of crushing or
collapsing, it was bedded firmly in sohle stratuJll of rock and a pipe of smaller
size was · inserted inside this and driven in the same way. The rate of progress
made in driving pipe was, of course, dependent on the nature of the material
being worked. Sometimes in soft shales the weight of the pipes alone was
enough to sink it, and at other times six hours' driving would not settle it more
than three or four inches."
.
FINISIDNG WELLS IN SAND.
BY O. E. MEINZER.
INCRUSTATION OF SCREENS .

Throughout northwestern Iowa and adjacent portions of Minnesota and South Dakota the majority of drilled wells end in
sand belonging either to the glacial drift ,o r to the Cretaceous
system. The ,successful finishing of these wells is perhaps the
most important problem in connection with water supplies in
this area. Most of them are two inches in diameter, and the
well casing is made to serv,e also as the pump pipe. The sand
rises with the water ,so persistently that it is found necessary to
put a screen or strainer at the bottom of the casing to shut out
the sand while admitting the wa,ter. Various types of screens
are in use, but the common type for wells of small diameter consists of a perforated iron pipe surrounded by a brass gauze of
fine mesh, the whole inclosed in a perforated jacket to· protect
the gauze. The screen is small enough to be let down inside the
casing.
Wells finished in this manner prove satisfactory for a time.
but in the course of a few years the yield diminishes and eventually almost no water can be obtained. When the screens are
removed, they are found to be effectually sealed by a coating of
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silt, >etc., firmly cemented into a hard, impervious mass. The
cost of a screen is not great, and the ,s ubstitution of a new one
for the old every few years would not be a serious matter were
it not that the removal of the old screen is attended by great
difficulties. In many instances the coating of cemented silt becomes so thick that the screen can not ' be withdrawn on the
inside, and it is then necessary to pull up the entire casing in
order to remove it. The labor and difficulty involved in this
process is considered by many drillers to be equivalent to that
of sinking a new well. Moreover, .the rusted casing is liable, to
break, or the hole may cave, and the well is then usually lost.
The clogging of the screen has been found to be so' great a
nuisance that in many localities nearly all drilled wells have
been abandoned, and shallow sources again used. E specially
has this been done in the recent years of abundant rainfall following a series of dry years in which many of the drilled wells
wer,e sunk. The aggregate cost of the wells, which have thus
been abandoned in this region amounts to hundreds of thousands of dollars; furthermore, the return to shallow wells is
not a solution of the probl~m. , Recognizing the magnitude of
the difficulty, the writer has investigated the entire .matter, with
a :view to finding a practical remedy.
In order to ascertain the compo's ition of the incrustant and
the chemical changes involved in the incrusting process, a typical two-inch well was selected, from which a screen of the ordinary construction, coated with the usual hard, dirty-gray substance had recently been removed. Both the water from this
well and the incrusting material were analyzed. The data are
presented below.
The well was owned by George Clynick, and was located ill
the SW. 1M sec. 33, T. 104 N., R. 29 W., in Martin county, Minnesota. It was drilled in 1899 to a depth of 70 feet, with a diameter of two inches. It yielded "all that the windmill could
pump." Its head was, 13 feet below the surface. The material
penetrated in drilling was (1) blue clay, (2) bluish white sand,
at first Viery fine, but changUlg into coarse grit, in which the
well ends. The well was finished with an iron casing, ending
with a screen of perforated galvanized iron pipe surrounded by

,
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a ,brass gauze, the whole being ' surrounded by a perforated
brass sheath. The screen is three feet long and about lone inch
in diameter, and the length of Hme required ,for it to become
effectually clogged was reported to be ~bout five years.
Analysis of uoater
[Analyst:

01

Olynick we!!, Martin Oounty, Minnesota.

Ho ' Ao Whitaker, chemist, Minnesota State Board of Health, July,
25, 1907]
Parts per
million

, SHica (Si O2 )
24
Iron (Fe) ..
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Calcium (Ca) .; ........................................... 140
Magnesium ("\1g) ............................... . ......... 54
Sodium and potassium (Na+K) ... .. .. .......
22
Carbonate radicle (CO,)....................................
OJ}
Bicarbonate radicle (HCO.)
259
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389
Chlorine (Cl) .. ......... ... .. ............................
4
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Total solids ....... . .. .... ........................... ..... 772
Analysis 01 the material which incrustea the .screen.
[Analyst: R. B. Dole, United States Geological Survey, Sept. 26, 1907.]

Clay, sand, silica, etc......... .... .. ... '. . . . . . . . . . . . . . . . . . . . .
Oxides of iron .and aluminum ....... . . . ......... . .... .... ..
Calcium ....................................... ..... . .....
Magnellium .............. ... .
Sodium and potassium. .. .. ...... .... .. ..... ........ ... ....
Carbonate radicle ............................... .. ........
Sulphate radicle ............. ... ..........................
Chlorine................. .... .............................
Phosphate radicle .. ... .. .... .. ........................... .
Organic and volatile matter ............................. : . .
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56.0

2.8
13.0
1.3
.7

•

20.6
.4

.1
.0

5.3
100.2

To the above analysis the following note was added:
Of the 56 per cllnt comprising the silica and insoluble silicates, only 31 per
cent is volatilized by hydrofluoric acid, showing that there is probably considerable clay present. Indeed, clay, sand, and carbonates of calcium and magnesium
comprise 90 per cent of the deposit. The probable presence of sand particles il
indicated by the .fact that the substance was gritty when flrst pulverized, and required two days grinding to reduce it to a powder tine enough for analysis.

The ~ principal cementing substance is probably calcium carbonate precipitated from the water. The sand, silt, and clay
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are -packed about the screen by the inflow of water, and the
interstices are then filled with calcium carbonate and other
materials. Thus, the whole becomes a nearly impervious sheath
which shuts out the water.
Whenever, in any well, the pump is operated, the weight ofihe water column is decreased by the removal of water, and it
is this diminution in pressure that causes a new supply of water
to flow .through the screen into the well. The reduction 'Of the
pressure may allow a portion of the carbon dioxide to pass out
of solution, disturbing the equilibrium between the free carbon
dioxide and the bicarbonate radicle and effecting partial decomposition of the latter substance. As a result ·of this reaction,
calcium carbonate is probably precipitated and is incorporated
in the incrusting material. Only minute quantiHes of calcium
carbonate need be deposited in order to effect the sealing of the
screen in the course of several y'ears. Pfoissibly precipitated iron
also adds to the cementing material. Electrolysis may occur between the brass and the iron portions of the screen, but the fact
that some scpeens made entir~ly of brass have become incrusted
a.s readily as the ordinary brass and iron ones .seems to make
this explanation inadequate. If the diagnosis given is correct,
the process does not depend chiefly on the nature of the screen,
but on changes which unavoidably accompany the withdrawal
of water from the well, and hence the remedy mus·t be sought
along mechanical rather than chemical lines.
RE1UEDIES FOR INCRUSTATION.

A study of the mechanical aspects of the problem makes it
possible to pv,t ffo rth some suggestions which, if followed, should
prove of value by diminishing the annoyance and expense connected with wells finished in sand.
LARGE DIAMETERS.

Two-inch wells should not be drilled in regions where the
screens become incrusted. For farm purposes wells from four
to six inches in diameter can generally be finished successfully
with open ends, whereas it is invariably necessary to put screens
into those only two inches in diameter. The explanation is
simple. 'W ith a given rate of pumping, the upward velocity of
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water in a well varies inversely as· the square of the diameter,
and the capacity of a current to lift solid particles varies as the
sixth power of the velocity. Consequently, sand that will cause
no trouble in a large well will persistently rise in a .small one if
it is not screened. Practically the effect is probably even greater
than the- above ratio indicates, because in the wells .of large
diameter the inflow and upward velocity are nearly constant as
long as the rate of pumping is kept constant, whereas in a well
of small diameter the casing usually serves also as the pump
pipe, and hence the upward current is not uniform, being zero
during the downward stroke and varying from zero to a maximum and back to zer,o' during the upward stroke. In general,
it will be found more satisfactory and ultimately more economical to drill wells at least four inches in diameter than to
put do~n the small two-inch tubulars~
It is important, however, to understand that the finishing of
sand wells with open ends should be attempted only !Vhere the
rate ,of pumping is: to be slow-for example, in farm wells
where windmills are us-ed. As a rule, wells furnishing water for
public supplies and others pumped by steam or gasoline engines
should be provided with screens. A number of sand wells used
for public supplies in this region were finished without screens,
and n.ear1y all of these have given trouble. The sand rises with
the water, cutting out the pump valves, clogging the mains, and
filling the wells to such an extent that the· supply is greatly
diminished or the wells are totally ruined.
Drilled sand wells of large diameter invariably require
screens if the rate of pumping is to· be rapid, and some require
them even though the rate of pumping is slow. Wherever there
is danger that the sand will rise, it is the part of discretion to
put in a screen. It should be remembered, however,'· that a five inch well with a screen is- much better than a two-inch well
similarly finished. In the latter the screen must of necessity fit
snugly into the casing, and when it becomes incrusted it may
be impossible to pull it up, thus causing much trouble and frequently making it necess ary to pull the entire casing. In a
fivecinch well, on the other hand, a small enough screen can be
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used so that there will be no difficulty in removing it. Experience shows that it is poor economy to drill two-inch wells.
ENDING IN A COARSE LAYER.

The glacial deposits, in which many of the wells under consideration end, are irregular and may alternate rapidly from
fine sand to coarse gravel. It is a matter ,of great importance to
finish a well where the material is coarsest. Drillers understand the significance of this but are not always successful in
practice. As a rule the coarsest part of a sand and gravel bed
is at the bottom, but this is not invariably so.
DRIVING TO THE PROPER DEPTH.

Commonly a thin layer of "hardpan" lies at the contact between a bed of clay and a deposit of water-bearing sand and
gravel. Frequently there is difficulty in driving the casing
through the "hardpan," and hence it is o·f ten allowed to stop
above th.is hard layer or to fit only loosely into it. If a screen
is inserted, it is somewhat smaller than the casing and may
sometimes be projected through the hole in the "hardpan" and
into the water-bearing sand. This is' a careless method of .finishing a well. The clay is liable to be washed down and to
come in contact with the screen, ,t hus gre~.tly hastening the
clogging process; or if the wen has an open end the caving of
the clay may obstruct the entrance. Not infr,e quently wells are
ruined by neglect of the driller in this respect. Whether they
are to be finished with or without a screen, it is important to
have the casing driv'en completely through the cap of "hardpan" and down into the coarsest part ()f the sand or gravel.
DEVELOPMENT OF GRAVEL SCREENS.

Glacial deposits and to some extent also Cretaceous strata
are poorly sorted, fine sand and coarser grit being more or less
mixed together. When a well is to be finished in one of these
deposits it should be pumped for a protracted period in such a
manner as to remove the fine silt and leave a natural screen or
coarser material. This frequently makes it possible to finish the
well without a screen where otherwise one would have been
required, but it should be done ev,en where a screen is to be in-
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serted. Proper treatment in this respect requires patience and
skill but it undoubtedly results in superior wells.
The process of devel,oping a natural screen is sometimes supplemented by introducing into the well a quantity of p:ravel or
crushed tile of proper coarseness. This methoQ has proved
successful with drillers- who are willing to devote sufficient time
and ,e ffort to it, and often makes it possible to finish a well
without putting in an ordinary screen.
INDEPENDENT PUMPS.

As has already been 'explained, in two-inch wells the casing
usuallys.erves also as the pump pipe, a device that produces
more or less unsatisfactory results. The water must enter .a s
rapidly as it is drawn up by the pump. This gives an intermittent aJ?d irregular current into the well and increases greatly
the danger of drawing up sand. Even where a screen is used,
this arrangement is liable to force fine silt through the meshes
or to break holes in the screen, and the great reduction of
pressure in the wen on the upstroke probably increases the precipitati,on of calcium carbonate. When the yield is small or
when the inflow of water is obstructed by the incrusting of the
screen, pumping becomes difficult and the w>e~r and tear become
great. An independent pump hung in a well of adequate
diameter involves some additional cost but is much more satisfactory.
FREQUENT REMOVAL OF SCREENS.

Much of the difficulty with the screens could be avoided if they
. were renewed more frequently. A screen which is left in the
well until it has become so completely sealed that its removal
is absolutely necessary is not only practically useless for a long
time before its removal but is also liable to be so thickly coated
that it can not easily be withdrawn.
SUMMARY.

Only wells of large diameter (four inches or more) should
be drilled. Care should be taken to drive the casing through
the cap of "hardpan" and through any beds of quicksand which
may exist to the coarsest portion of the deposit. The fine sand
15
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should then be removed by protracted pumping and a natural
screen of coarser sand or gravel developed. Gravel of the
proper coarseness may als·o be introduced into the well to be
added to the natural strainer. If the water is to be drawn at
a slow rate and an independent pump is used, it is generally
not necessary to put on a metal screen. If, however, the water
will not become clear and the sand persists in rising, a screen
should be inserted and tightly attached to the bot~om of the
casing. It should be considerably smaller than the latter so
that it can be easily removed when it has become incru~ted. As
soon as the yield of the well shows distinct signs of reduction ,
the screen should be drawn up and cleaned or else replaced by
a new one.

MUNICIPAL AND DOMESTIC SUPPLIES
POLLUTION.
SOURCES.

From the sanitarian's point of view waters from wells, tapping the deep-lying sandstones or the deep sand layers of' the
drift may be consider·ed above suspicion if the wells are protected from the access of surface water from their immedia.te
vicinity. The diseases ordinarily comml;lnicated by water axe
bacterial in origin-that is, the immediate caus·es are microscopic single-cell plants, called bacteria, which come from previous cases of typhOId fever or other diseases and find theIr
way into river '01' well water through sewage or surface water.
According to present standards of sanitation it may be definitely stated that the waters of rivers flowing through moderately well inhabited regions and having the usual number of
towns. and villages along their courses are unsuitable for drinking or general domestic use without being purified. The expelienee of a number of Iowa towns, such as Waterloo (p. 308)
proves that typhoid bacilli in river water may pass the guard
of filtration plants and cause serious epidemics unless the process. of fitration is constantly maintained at its highest efficiency.
That springs rising from creviced and cavernous bedrock which
receives the drainage "f rom adjacent cities may be polluted hail
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been recently shown at Cedar Falls (p. 306). Even the purest
artesian waters from wells thousands of feet deep are liable to
become contaminated by shallow ground waters if such are
allowed to enter through corroded casings. Epidemics of typhoid fever at Clinton, in the shops of the Chicago & North
, iVestern Railway, and at Glenwood, in the Asylum for Feebleminded Children, were caused by leakage from adjacent privies
and drains into deep artesian wens.
TOWN WELLS.

Shallow dug wells, waned as they generally are by brick or tile,
that permit the inflow of water from top to bottom, are usually
unsafe in a town or even in the country unless they are well protected from contamination by kitchen or household waste,
privies, drainage from stable yards, and all similar sources of
pollution. Though the water of anyone such well may be used
for a longtime without serious results, it is nevertheless a constant menace to lif.e· and health. Infectious material is. likely to
enter it at any time that it may be brought into the "neighborhood. In towns t.he danger attending the use of well water is
undoubtedly in direct. proportion to the prevalence of privy
vaults, oBsspools, badly drained streets, and decaying garbage.
All persons' are not equally susceptible to .disease, and it is not
to be taken for granted that because a family or a certain number of persons have long used the water without ill effects others
may do so with impunity.
Some wells given in this report as the sources of municipal
supplies belong to the class of shal10w wells just described.
They ar,s dug and walled wells or driven wells in river bottoms
or in superficial sand layers. Nothing protects them from the
surface water in their immediate vicinity. The surrounding
land should be as scrupulously protected from human habitation,
factories, and other sources ,of contamination as the collecting
ground of lakes and artificial ·r·eservoirs who se waters are used
for municipal supplies. The underflow where the wells are
located should be toward the town, not from it toward the wells.
If the town is on a river, the wells. should be above and not below the town. There should be no higher inhabited land iii. their
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immediate vicinity. In the course of this investigation evidence
has not been wanting that such simple and reasonable provisions as above suggested have -not received attention in some
towns that derive their water fr,om wells of this character.
The sanitary character of well water is improved in proportion to the exclusion of surface. water from the immediate vicin o
ity, because water coming through earth or sand for considerable distances is freed from organic matter and bacteria by
fermentation and filtration. Herein is the advantage that the
deep well has ,over the shallow one. Deep wells derive their
waters in most places from the deeper sand layers, sand _rock,
and other porous filtering material. The water they supply
fell upon areas at considerable distances and reached the. wells
through long stretches of natural filter. For example, most of
the water in the deep-lying sandstones in Iowa fell in Wisconsin and Minnesota and reaches the consumer lonly after passing
through many and in some places several hundred miles of
sandstone filter. Whatever organic matter and living organisms
the water originally took up at the surface where ~t fell have
long since b~en destroyed and removed.
Fortunately, most wells which supply Iowa cities are of this
character and derive their water fTom far-remov-ed collecting
gTounds. They are generally driven wells, or bored or drilled
and cased. In such wells water can enter only at considerable
depths, in the shallower ones only near the bottom, and even if
it fell near the well it could enter only after filtration througb
many feet ,of earth. It must be said, however, that some town
wells are bored and walled with· sewer or fired tHe placed loosely
one upon another, and in such cases water may enter at any
point, dependent only on the weather and the height of the
water table . .
The experience of sanitarians is in harmony with these considerations. The number of bacteria in well water decreases
a s surface drainage is cut off. Tlie pathogenic species are absent from the water ,of properly constructed deep wells, and in
some very deep wells bact.eria are totally absent. If a town or
a home draws its water supply from a deep cased well in thorough repair, having its footing in some large source of water,
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it is probable that the water as it comes from the well is free
from contaminaHon, and its wholesomeness as it reaches the
consumer depends only on the character of the reservoirs and the
conducting system. It is, of course, absolutely necessary that
all storage tanks should be protected from dust, animals,
, and
any other sort of accidental or intentional contamination j that
all und€rground conducting pipes should be of nqnporous material, and that all joints should be water-tight.
FARM WELLS.

BY

o.

E. MEINZER.

The most common type of well Pl the western part of the'
state is the shallow bored well. It is made with a machine
called a "well auger," is generally between 1% and 3 feet in
diameter, and is cased with wood or some other matp.l"ial that
will admit water freely from all levels. In this way a great surface admitting water to the well is made to compensate for the
low pressure of the water and the poor conductivity of the
water-bearing material. Since the water comes from so near
the surface it can easily become polluted, and ca;re should be
taken to have everything which might produce contamination
removed from the vicinity of the well and from the ground
that drains toward it. Unfortunately such precautions are not
usually taken. While some householders are to be commended
for carefully protecting their wells, the majority are guilty
of in~xcusable negligence and many seem to utterly disregard
the sanitary aspects of their water supply.
•
The well is generally located on low ground and frequently in
a favorable position to receive the drainage from the barnyard and outhouses. This is because , the farmer wants his
house and barns, ,on high ground and yet as near the well as
possible. On many farms, too, it is located in the barnyard
and is surrounded by manure. The upper part of the casing
in many wells is decayed and the ground where the well is situated is on a level with the rest of the barnyard, so that seepage from the yard inevitably enters the well. Many farmers
cover their wells in the autumn with manure to prevent the
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pumps from fr,eezing, and this is not always removed in the
spring. Thus some of the matter leached fr,om the manure by
the rains is washed into the wells. Some wells, also are situated on ground so low that they are flooded in heavy rains.
In a few wells clay or concr,ete tiles are employed for casing,
hut moore commonly boards are used. The wood is most subject
to decay near the surface where it is alternately wet and dry 1
farther down in the well, where it is more constantly submerged
and thus protected from the atmosphere, it decays less rapidly.
Consequently the wooden casing in many wells is partly removed near the top, giving ,excellent opportunity for surface
wash and also for small animals to enter. Drillers and borers
whose business it is to clean out these wells declare that it is
common to find decaying mice, rats, rabbits, and other small
animals in wells which are at the time being used for domestic
purposes, and that many families are using water which contains so much putrid matter that it is nauseating to one who
has not become accustomed to it. These conditions are due
largely to carelessness and could ,easily be prevented by the
application of ordinary good judgment and by a regard for
ordinary cleanliness.
MINERAL CONTENT OF THE WATER.
MINERALS IN RIVER AND WELL WATERS.

Compared with waters of the northern and , eastern states,
all Iowa waters are highly mineralized, or, as it is commonly
express'ed, they are hard waters. The state is deeply 'covered
by drift and soil, composed mc:>stly of finely divided material
which is highly calcareous and contains considerable amounts
of calcium sulphate and other more soluble compounds. The
rainfall comes into intimate contact with this material, and that
which becomes ground water, from which wells ar,e supplied,
must pass, for long distances through it, giving the water great
opportunity to take up mineral matter. The amount of run-off
from igneous rock surfaces is practically nothing in this state
and that from bare rock surfaces of any sort is insignificant.
Only very .small superficial sand areas in the stat,e take up the
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rainfall and transmit it as soft water to wells or to rivers. The
deep rich soil also contributes indirectly to the mineralization
of water. Nearly the whole area is covered with v.e getation of
some sort and the soil contains large amounts of decaying vegetable matter. An unusual amount of carbon dioxide is thus
supplied to the water at the surface, which enables it to dissolve
large amounts of calcium and magnesium carbonate.s·.
The waters of both rivers and wells are considerably more
highly mineralized than those of the eastern states, and three
of the largest I·owa rivers contain very much larger amounts
of mineral matter in solution that the average of the rivers of
the whole continent. The average total solids of De~ Moines,
Cedar, and Iowa rivers, as determined by analYlses by the
United States Geological Survey' extending from September,
1906, to September, 1907, is 262 parts per million, whereas the
average of the river waters .of the continent is. stated to be 150
parts per million: The average mineral content of these three
rivle rs and that of the best wells of moderate depth in the regions where the rivers take their rise are remarkably alike in
both the amount and character of their total solids. The same
general agreement is found betw€en the mineral matter of the
river.s and that of the best deep wells. For purposes of comparison, there are given below the analyses the three · rivers
already named, the average analyses of 12 9.£ the best wells of
moderate depth, for the most part in the northern and eastern
portions of the state, and the analysis of a representative of
the best deep wells, that .of the Eighth Street city well · at Dubuque, which has a depth of 1,200 feet and foots in the sandstones und~rlying the Saint Lawrence formation.
lDol e, R. B. , Th e quality of surface waters in th e United States : Water-Supply
Paper, U. S. Geol. Survey No. 236, 1009, PP. 116-119.
'Chamberlain , T. C., a nd Sali sbury, R D ., Geology, 2d ed., voL I, p. 108.
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Oomparison of analyses oJ well and river water in Iowa.
(Parts per millIon.)
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The total solids for the rivers include fonly the dissolved mineral matter. If the suspended matter is added, the total matter
carried by the river waters is 553 parts per million.
The averages of the analyses of the river waters represent
samples taken as follows: Cedar river at C€dar Rapids, dissolved solids 228; Iowa river at Iowa City, dissolved solids 247;
and Des Moines river at Keosauqua, dissolved solids 312. The
dissolved solids of the three rivers are not very different in
amount and closely agree in their composition, which is similar
to that of the solids of the best well waters. The three rivers
show considerably smaller amounts of dissolved mineral mattEir
than the water of Missouri river on the west, as might be expected, for the Missouri derives a large portion of its water
from ·the northwest and to a large extent from the so-called
alkali r€gions. The Missouri shows at Florence, Nebraska, 454
parts of total solids.' On the other hand, the solids of the three
Iowa rivers are greater than those of the upper Mississippi,
which comes largely from Minnesota and W~sconsin, where
much of the collecting ground is cover€d with sand and sandstone. The Mississippi near Moline, lllinois, .shows 179 parts
of dissolved solids:
The general impression that river waters are soft and well
waters- are hard is in a general way true. However, no sharp
line of demarcation can be drawn, at any rate in northeastern
Iowa. The very best well waters from both shallow and deep
wells in the northeastern part of the state, which is the main
collecting ground for the river waters, show about the same
'Water-Suppl y Paper U. S. Geol. Survey No. 236, 1909, p. 78.
'Wat er-Supply Paper U. S . Geol. Survey No. 239, 1910, p . 81.
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mineralization as the river waters. These wells are, however,
comparatively few, most wells in this same region showing
solids ranging from 300 to 500 parts per million.
E1i'FECT OF MINERALIZED WATERS ON HEALTH.

Though the water of a considerable number of Iowa wells contains as low as 280 parts per million of mineral matter, and
most of those in the northeastern part of the state contain less
than 500 parts, the great majority of well waters in the whole
state contain 400 to 2,000 parts of solids. Several contain 2,000
to 5,000 parts and a few 5,000 to19,500 parts. It is a matter of
especial interest that several towns have for a number of years
used 'as city supplies waters containing 2,000 parts per million
<l'f solids. Though watersl containing as much mineral matter
as 2,000 parts per million are clearly unsuitable for many purposes in the untreated condition, such as for boilers and for
laundry purposes, .so far as is known no serious effects on th~
health of j;he people can be traced to the use of such waters.
A~ present there seem to be nO' generally recognized standards
by which to judge of the fitness of hard waters for drinking.
The only limit in the use of hard water in Iowa is the unpalatableness caused by the presence of considerable amounts of
chlorides and sulphates. It is a curiousl fact that although people as a rule will not tolerate a distinct taste in a water supply
for ordinary daily use, at watering places they will veadily
drink large quantities of similar water containing even more
of the constituents which at home they consider distinctly objectionable.
Apparently waters containing more than 2,000 parts of mineral matter are unpalatable, and this amount may be taken
as the maximum allowable in a water supply for city use and
particularly for drinking. So far as general observation and
the testimony of physicians arecoIicerned, this limit seems
practical and safe, though it can not be confidently asserted that
the use of such waters for a few generations might not be attended with injurious results.
Standards of other regions, particularly of those where the
surface rock is granite or sandstone, can not be applied in judg-
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ing Iowa waters. The Iowa standard must depend on what
sort of water can actually be secured and on experience in the
use of the waters of the state. Of course, the standard for a
boiler water or one for .a ny other industrial purpose must be
different from that of a water for a town supply . . The latter
must be obtained in large quantity, must serve for a multitude
of domestic and industrial purposes" and must have a high degree of organic purity, if it is not to be filtered Much mineral
matter may be tolerated for the sake of bacteriologic purity.
Therefore, a city in Iowa with a water supply which is organically pure and which contains less than 400 parts per million of solids is: very fortunate. An organically pure water con- '
taining less than 600 parts may be considered good, one with
less than 1,000 parts fair, one with less than 1,500 parts tolerable, and .one with 2,000 parts usable if no better can be obtained. Above 2,000 parts the water may be considered unpalatable, and that of private shallow wells would be preferable.
Of course, these statements apply to the average hard water,
in which the excessiv'e solids are composed largely of calcium,
magnesium, sodium, and sulphates.
EFFECT OF MINERALIZED WATERS ON WELL CASINGS.
CORROSION.

Many waters act vigorously on iron in the cold, and many
well casings in Iowa have been rusted through in a few years.
At Cedar Rapids a wrought-iron casing was corroded to a perforated shell in about five years. At Grinnell the water of well
No.1, containing 2,000 parts per million of mineral matter,
rusted through the casing in about eight years. In many other
wells the waters have become progressively and notably more
highly mineralized, and though this may be due to other causes,
the chief cause is most probably the pedoration of the casings
and the access of the upper hard waters that the casings, were
designed to shut out. Deep wen No. 2 at Centervil1e, for instance, was drilled to a depth of 2,054 feet in 1904. The following are the results of four analyses in terms of total solids, at
intervals of about a year:
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Total solids in'water in well No 2 Oenterville, Iowa,.
Partl per
mllllon

September 18, 1905 ... .. .................... . . .. .......... . . 1,228
September 8, 1906 .... . . . .... . . . . . ... . ........... . ... . .. .. . 1,637
November 26, 1907 .. . ..... . ..... . .... . . . . . . . .... .. . .. . . .. . . 1,930
September 9, 1908 .. ................ . ...... .. . . ........ ... . 2,594·

The rusting out ,o f casings must be regarded as one of the
most serious: difficulties in maintaining a supply of artesian
water, and how to prevent it qr retard it so as to lengthen the
life of wells is a problem which merits the most earnest consideration. After a casing has become weakened by corrosion
and hasl become packed in the boring by sediment derived from
the wans or deposited from the water it is very difficult or impossible to withdraw it so as to replace it by a new tube. The
only remedy in such instances is to put a smaller tube within
the old one, thus reducing the effective diameter of the well.
SOFT-S'l'EEL VS . 'VROUGH'l'-IRON TUBING .

At the present time soft-steel tubing, on account of its cneapne,ss, has for most purposes replaced wrought-iron tubing. It
is not easy to get wrought-iron tubing without a special order,
and this has led to the casing of many wells with steel. Experience seems to show that this is a mistake. Wrought iron withstands the corrosiv'e action of water much better than soft
steel and it should always be preferred to steel for well casings.
Cast-iron tubing may yet be proved practical for casings. It
has f1ar greater resisting power than steel or wrought iron
against the corrosive action of water, and it is considered the
only suitable material for water mains and for sewer pipe inside of buildings.
In this connection the casing of well No.4 at Grinnell is of
peculiar interest. Several flows of highly mineralized waters
ar,€} encountered above the New Richmond and Saint Peter
sandstones, which furnish the main supply. After experiencing a good deal of difficulty due to the corrosion of casings and
the caving of shale below the casings of the older wells, the city
authorities determined to case the new well with cast-iron tubing to the depth' of 1,700 feet, or to a point just above the Saint
Peter sandstone. Owing to difficulties connected with reaming
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out the well the casing was finally put down only to 1,461 feet.
It consists of six-inch heavy cast-iron tubing, the sections of
which are closely joined together with wrought-iron couplings .
.No difficulty was €xperienced in lowering the casing. The well
wa's completed in January, 1910, and has been in use since that
date. So far as known to the writer there is no other castiron casing in the state and none of greater length than 200 or
300 feet in neighboring s,t ates. The experiment at Grinnell
seems to demonstrate the practicability of lowering cast-iron
easings of lengths as great flS are likely .to be desired. .
As this enterprise has· proved successful, it is lik€ly to influence greatly the casing of wells in the future, and the castiron casing should be instrumental in prol'onging the' life of
artesian wells in localiti~s where upper waters cause rapid
deterioration of ordinary casings. It is possible that it may
extend the area of successful artesian wells in this state.
CAUSES OF CORROSION.

The cause of the corrosion of iron has in recent years been
the subject of much research and not a little controversy. The
work and discussion have centered around the question whether
water and oxygen alone are able to produce corrosion, or
whether carbonic acid or some other acid is necessary. No
fewer than eight research papers have appeared ,on this subject in the last four years. Of these, one by Walker and others'
and one by Tilden' sum up the results of the whole investigation and give all needed references.
PURE WATER.

It appears beyond a doubt from the work of Walker and his
associates that pure water alone is able to dissolve iron in very '
small amounts. This is shown by direct experimental evidence, and it is fully in accord with the present ionic theory
of the solution of metals. Water is- to an €xceedingly small degree an electrolytically dissociated substance, its ions being
lWalker, W. H., Cederholm, A. M., and Bent, L. N., The corrosion ot iron
and steel: Jour. Am. Chern. Soc., vol. 29, 1907, p. 125l.
'Tilden, W. A., The rusting of iron: Jour. Chern. Soc . Trans., vol. 93, pt. 2,
1908, p . 1356.
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Hand OH. Iron, like other metals, has its own particular tendency' to go into solution in the form of ions - that is, its, solution pressure, and this pressure is slightly greater than tha,
of hydrogen. Very slowly and to a very limited ex~ent iron

++

goes into solution in pure water as positive ions, Fe, while .hydrogen is forced out of solution, its positive charge going to
neutralize the negative charge of the undissolved iron. Walker
could easily detect the iron thus dissolved by testing with potassum ferro cyanide or potassium sulphocyanide, after evaporating the solution to small volume.
Water thus acts much like an acid, but its action is, exceedingly slow, and an equilibrium is s(¥)n reached when the action
ceases unless oxygen is present to oxidize the ir'on and cause
its removal from solution by precipitation. As a matter of fact,
carbonic acid is present in most natural waters as free acid, or
as the bicarbonate. The free acid is partly dissociated into

+

its ions, H. and HC0 3 • The number of hydrogen ions that can
thus ,occur in natural waters, very greatly exceeds the number
due to the dissociation of water itself, and under similar conditions the rate · of solution of the iron will be proportional to
the number of hydrogen ions. The iron dissolved under these
circumstances may be regarded as' being present in the water as

++ -

ferrous bicarbonate, Fe, 2HC0 3 • In the presence of oxygen the
iron becomes quickly oxidized to the ferric condition, hydrolysis
occurs, and the iron is precipitated as a hydrated ferric oxide.
If the oxidation takes place as fast as' the iron is ionized and
at once, the apparent result of the corrosion may be a coating
of more or Jess adherent rust. When hydrolysis occurs hydro. gen ions are again released equivalent to the negative ion of
the carbonic acid, and thus, the same molecule ,of carbonic acid
may cause the corrosion of its equivalent of iron over and over
again.
Nearly all Iowa waters contain 5 to 25. parts per million of
free carbonic acid and large amounts of bicarbonates, which
gradually give {)ff in the cold one-half of their carbonic acid on
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standing, with the precipitation mainly of normal calcium carbonate. The decomposition is of course greatly accelerated
when the water is boiled. The free carbonic acid that may be
derived from this source varies in Iowa waters from 100 to
200 parts per million. In view of: the above statements it may
be readily understood why boilers rust more at some points
than at others. At the water level the metal may be acted upon
by the carbonic acid in the water and by the dissolved oxygen
at the surface of the water. At the intake, where much corrosion occurs, carbonic acid is 'b eing rapidly set free from the
bicarbonates, and neither it nor the oxygen has yet been expel1ed from solution by boiling.
ACID WATER.

Hydrogen ions, which n:i.ay be regarded as the main initial
cause of the corrosion of iron in boilers, are not alone due to the
slight dissociation of water or to carbonic acid. Salts containing
a weakly basic metal or a weakly acid radicle or both undergo to
a greater or less extent what is known as hydrolysjs: that is,
water reacts with the metallic radicle forming an oxide or a
hydroxide and hydrogen ions, or, what amounts to the same
thing, free acid. Salts of copper, aluminum, and iron offer good
examples. A solution of copper sulphate is always faintly acid,
its hydrolysis taking place thus:
++=
+
Cu, S04+2HO, 2H= Cu (OH 2 ) +2H, SO~
The hydroxide may be nearly insoluble and the majn portion
of it may form a precipitate, it may remain in true solution, or
may assume an intermediate state kuown as the colloid condition. In the cases of iron, copper and aluminum the last is
probably true. However, in any case a small part goes into
true solution and is to some extent ionized. The hydroxyl ions
thus accumulate and react with the hydrogen ions to form watel'; or, to take another view, they force back the dissociatjon of
the water, thus bringing the reaction to a state of equilibrium.
Some sulphuric acid, however, remains in solution and is highly
ionized. Its hydrogen ions escape as neutral hydrogen and, as
with carbonic acid, their place is taken by the ions of iron from
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the boiler or from ,other iron that may be in contact with the
solution. The iron may be oxidized to the ferric condition and
precipitated, its place being taken by fresh iron ions.
From recent work it appears that salts of the alkali metals
and strong acids ;hich undergo no hydrolysis and can not form
hydrogen ions do not greatly influence the corrosion of iron.
Heyn and Bauer' found that the rusting if iron at room temperature is in general greater in distilled water than: in diluh:
solutions ,of simple electrolytes. With increasing concentration, however,. the rusting increased somewhat and then decreased. In general, salts at their maximum of activity caused
more rusting than diSitiHed water, but contrary to popular
opmlOn solutions of potassium, sodium and calcium chlorides,
sodium and potassium sulphates', ' and sodium bicarbonate
showed less activity at their maximum than distilled water.
With certain salts corrosion decreased very rapidly with increased concentration and s oon ceased ·a ltogether. Salts of
ammonium and particularly those of phosphoric acid showed
high corrosive power, probably owing to their hydrolysis.
The salt;; just enumerated as having less corrosive action
than distilled water include most of the readily soluble salts
usually calculated as possibly present in natural waters. From
the above experiments corrosion at ordinary temperature can
not apparently be ascribed to them, and this conclusion is in
harmony with theory, for they can form no hydrogen ions. It
is a common observation, however, that metals in contact with
some chemical substances, particularly common salt, corrode
more rapidly when exposed to the air. This corrosive action
is probably to be ascribed to the fact that such chemicals are
usually hygroscopic, and the corrosion is probably due to the
water which the salt takes from the air and holds in contact
with the metal.
ALKALINE WATER.

As already intimated hydroxyl radicles counteract or neutralize hydrogen ions and thus inhibit corrosion. Alkaline waters
do not corrode iron. Ordinary corrosiv,e waters lose that power
when treated with sufficient sodium hydroxide or any other
'Rey n, E. , and Bo u e r, 0., Mitt. K. Prufungs-Anstalt, Gross Lichterfe lde, vol.
26, 1007, pp. 1-104 .
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chemical which when highly dissociated gives OH radicles, such
as lime or soda ash. The action of the latter is to be ascribed
to its hydrolysis, which gives highly dissociated sodium
hydroxide:
+ +. +
+
2 Na, COs+H, OH Na, OH+Na, HCO s
Even sodium bicarbonate is slightly alkaline-that is, it dissociates to a small extent into highly dissociated sodium hydroxide and very slightly dissociated carbonic acid, which can, therefore, give few hydrogen ions in oomparison with tbesodium
hydroxide. Of course, if a water is heated any acid carbonate
the water may contain is changed into the normal carbonate,
which in turn will dissociate as given in the equation. More- '
over, the free carbonic acid set free when the normal carbonate is formed decomposes at the boiling temperature into water
and carbon dioxide (which escapes), thus making impossible
the formation of hydrogen ions from its own dissociation as
would occur in the cold. Therefore it is evident that water
containing relatively large amounts of alkali carbonate can
not be corrosive.
INDUSTRIAL SUPPLIES
IMPORTANOE.

Every town large enough to have a water system contains
some industry dependent on a suitable supply of water. Steampower plants are of primary importance, and water that can
be used in boilers must be obtained for them. Many towns
have steam laundries, artificial ice plants, tanneries, dye works,
starch works, sugar refineries, and many other industries which
demand water suitable for their particular needs. These needs
can not be discussed in detail. Suffice to say that all desire the
clearest and softest water they can get . . However, on account
of the universal need of boiler water, it seems desirable to devote some space to its consideration.
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BOILER WATER.
QUALITIES OF GOOD BOILER WATERS.

Water may affect the boiler in which it is used in two chief
ways-by the deposition of foreign matter (scale) and by direct
corrosion of the metal. A good boiler water is one which will
not foam, which will deposit the minimum of scale or sediment
and which will not to any considerable degree corrode the metal
of the boiler. The characteristics of a good boiler water are
too many to mention in detail, but the following are those of
most practical importance: (1) It .should be normal in the
sense that it must contain only the substances ordinarily found.
jn natural water. It should not contain iron salts in excess of
a few parts per mi1lion and it should contain· no iTee mineral
acids. Water from a coal mine 'o r from a 'shale bed may con- .
tain not only iron salts but also free sulphuric acid, due to the
oxidation of iron pyrite and other sulphides. The same may be
true of water collected from ground near a coal yard or near
heaps ,of ashes and cinder from .soft coal. (2) It must contain
as small a total amount of mineral matter as is practicable to
find in ,a natural water in the locality, and its incrusting solids
should be relatively low. (3) It should contain only .small
amounts of suspended matter, organic matter, oil, or any other
foreign substance· ·of similar nature.
As already stated, the chief difficulty in the use of Iowa waters is their high content of mineral matter, largely of. the incrusting sort. On that account they appear at a disadvantage
as boiler waters when they are compared with ideal standards.
It may be interesting to compare them with what is perhaps the
best practical standard, that of the committe.e on water service of the American Railway Engineering and Maintenance of
Way Association.' This .standard is given in terms of incrusting solids and, stated in round numbers in parts per million,
is as follows:
'Proc. Am. Ry. Eng. and MaIntenance of 'Way Assoc., vol. 5, 1004, p. 595.
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Standard 01 quality 01 water.
Less than 90 parts per million ...... ..... ........ ......... . . Good
90 to 200 parts .. , " ., .. . .... , .......... " ...... ...... , .....•. Fair
200 to 430 parts .................... .... .. ... .......... ..... Poor
430 to 680 parts ...... .... ........ ..... . . .. .... ... ...... .... . Bad .,
Over 680 parts .............. ... ........... . . .. ......... . Very bad

This standard, in view of the actual conditions the country
over and the effects of hard water, is to be taken as liberal in
its allowance of incrusting solids. It applies to incrusting substancesl and not necessarily to corrosive ones. Though highly
mineralized· waters may in general be more' corrosive, this
action depends not on amount of matter in solution but mainly
on its content of hydrogen ions under boiler conditions. Rated
'b y this standard, probably practically none of the Iowa waters
ean be called goo'd for boilers. A small percentage fall within
the class "fair," but most of the best waters, even in the northeastern parts of the state, are to be classed as "poor." On the
whole the deep well waters and those of most of the rivers and
ponds must be regarded as being too hard to give the best boiler
service, though many of them give good results when the boilers are properly managed.
BOILER SCALE.
DE?OSITION.

N early all Iowa well waters are acid to phenolphthalein-.:....
that is, they contain bicarbonates and from 5 to 25 parts per
million of free carbon dioxide. On being exposed to the air,
even without .being heated, they lose carbon dioxide and pre<.'ipitate normal calcium carbonate, usually colored · by small
amounts of iron hydroxide. The precipitation is due to the
breaking up of the: bicarbonate radicle 2HOO s , into H 2 0+00 2
+00 3 ; the 00 2 being evaporated and the carbonate radicle
uniting with calcium to form calcium carbonate (OaOO s ), which
is precipitated. Magnesium also is precipitated, but as a basic
carbonate, which may possibly change to hydroxide in a boiler
under high pressure. The magnesium hydroxide found in boilers may originate partly in this way and partly by the direct
hydr'olysis of its salts at the high temperature of the boiler.
The mixture of calcium carbonate and magnesium basic : car-
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bonate or hydroxide thus formed, with small amounts of silica,
iron, and aluminum hydroxides, settles ordinarily as a powder
and does not alone form a hard scale. When, however, it is
deposited in company with calcium sulphate, it forms the hardest and most refractory of all boiler scales, apparently uniting
into a cement of .stonelike texture and properties.
The deposition of calcium sulphate is slightly different.
When a water containing the usual radicles is evaporated several compounds may be precipitated. If they were present in
amounts proportional to their chemical equivalents the pre• cipitation would occur approximately in the: reverse order of
their solubilities in hot water. This proportion is practically
never realized, however, and, moreover, waters in boilers are
rar"ely allowed to become concentrated ,e nough between blowouts to precipitate more than one other compound, namely,
calcium sulphate.
Calcium sulphate is only slightly soluble in cold water, the
amount contained in water at saturation being about 2,000
parts per million. According to the determinations of Tilden
and Shenstone, however, water when raised to the temperature
attained in a steam boiler run at average pressure can retain
only one-tenth of this amount, or about 200 parts of calcium
sulphate. It f,ollows that the calcium sulphate in many of the
hardest Iowa waters would be precipitated in part if the water
wer,e not concentrated at all by evaporation, but only heated
to the temperature corresponding to a steam pressure of about
150 pounds. The conditions are even more favorable to· precipitation, because the temperature of the film of water. in immediate contact with the boiler tubes and plates is probably
raised to a temperature considerably higher than that corre. sponding to the steam pressure. The deposition ,of calcium sulphate is more rapid the more the water is concentrated by evaporation.
The calcium sulphate deposits in a more or less crystalline
0ondition and cements together the particles of the other compounds of calcium and magnesium, forming in many cases a
scale so hard that it can be removed only with some such instrpment as a cold chisel.
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When a hard water is, used in a boiler, scale usually accumulates rapidly in the manner above indicated, and being a very
poor conductor of, heat it insulates the boiler metal from the
water to be heated, thus greatly decreasing the ,efficiency ,of the
boiler and increasing the consumption of fuel. The difficulties do not end there. Corrosion usually accompanies the formation of scale, shortening the life of the boiler. There is
also a loss of time in cleaning and repairing the boiler. The
residu,al water must be frequently replaced by fresh water,
and the accumulated scale- must be from time to, time mechanically removed, which is a difficult and time-consuming opera-.
tion and may cause considerable injury to the boiler. Even a '
.loosely adhering scale or sediment in considerable amount is
undesirable in a boiler. Not only is there 10s.s of heat effect,
but injector tubes become clogged and the sediment is likely
to settle' in a compact mass while the boiler is out of use. The
plates may then be overheated when the fires are again started,
and the breaking up of the mass and the sudden contact of hot
plates and water may cause serious injury to the boiler or even
cause it to explode. Numerous boiler explosions have been
traced to this cause.
CHE~IICAL CO~IPOSITION

OF BOILER SCALE .

The most important scale formers are calcium and magnesium salts, but to these must be added silica and hydroxides
of 'i r'on and aluminum, which are usually pr,e sent in water in
very much smaller amounts. Suspended matter, for the most
part clays, may become entangled in the deposit so as to form
a considerable portion of it.
The scale-forming power of a water is, not proportional to its
total solids, but rather to the sum of certain radicles which on
boiling form sparingly soluble or insoluble compounds. It de- ·
pends, to o, on the amounts of other constituents in the water
than those commonly called scale formers, and on the· conditions, such as temperature and the frequency of. blow-outs, un··
der which the boiler is ,oper&ted.
It is evident that boiler scale can not have a definite chemical
composition, even if the same water is used, as its make-up depends on the conditions named. It is hardly necessary to s~ate
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that the composition of the scales in different waters depends
on the relative quantities of the scale-forming constituents in
the waters:
Attempts to combine the sulphate radicle and the .small
amount of the carbonate radicle, HS shown in analyses of scale,
with the calcium and the magnesium, disclose a shortage in the
acid radicles, showing that the greater part, -a nd sometimes all,
of the magnesium must be present in the form of oxide or
hydroxide. In some analyses the acid radicles are' not even suf·
ficient to combine with the calcium. Iron, aluminum, and .silica
are present as oxides in small quantities. Doubtless the proportion of magnesium and calcium hydroxides increases with
the temperature inside the boi1er and it is questionable whether
any magnesium carbonate remains stable in a high-pressure
boiler.
.
PHYSICAL PROPERTIES OF BOILER SCALE . .

Boiler scale may vary as much in its physical properties as
in its composition, which depends on the nature of the mineral
content of the waters from which scales are formed. The hardest scales are those containing large amounts of calcium sulphate cementing smaller amounts of calcium carbonate and
magnesium oxide, and such scales are deposited from waters
containing calcium largely in excess of the COs radicle and large
amounts of the S04 radicle. Fr,om such scales there are all
grades to the powdery forms which scarcely adhere at all, yield
to the touch, and may be washed from the boiler tubes with a
hose. Soft scales do not greatly differ from the deposit formed
when it scale-softening boiler compound is used. Some waters
are said to carry their own boiler (',ompounds, which means that
the bicarbonate radicle is equivalent to or in excess of the calcium and magnesium. When they are boiled the carbonate
radicle (CO a) is formed and nearly all the calcium and magnesium are precipitated. Most of the Iowa wlaters of small mineral content belong to this class, but such waiJe'r s heavily mineralized are ' not wanting. The two deep wells at Glenwood
contain the bicarbonate radicle far in excess of the calcium and
magnesium and their waters form no hard scale.
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SCALE-FORMING POWER OF DIFFERENT WATERS .

As' a rule chemists and engineers assume as scale-forming all
calcium and magnesium carbonates and sulphates that can be
calculated from the analytical data, together with silica and
the oxides of iron and aluminum. Recently Herman Stabler'
has proposed :£ormulas by the aid of which may be 'calculated
the corrosive action of a water, the amount of scale it is likely
to form, and the amounts of chemicals necessary to soften it,
without regard to any rigid assumption as to the chemical com-.
pounds that may exist in the water. His formula ,for calculating the amount of scale assumes that under ordillary boiler
conditions all suspended and colloidal matter is Pl,ecipitated;
-that all iron, aluminum, and magnesium are precipitated as
oxides and all calcium to the full extent ,of its ability to com·
bine with the carbonate, bicarbonate and sulphate radicles. Certain reactions are given, not as necessarily showing all that
takes place, but as equations which express the known results
of changes that occur within the boiler. They are as follows:
2A1+3H.0'=Abo.+6H.
Fe+H.O=FeO+2H.
Mg+H.O=MgO.:r2H.
Ca+CO.=CaCO.. .

Ca+2HCO. =CaCO. +H.o+C02.
Ca+ SO,=CaSO,.
H+HCO.=H.O+CO•.
2H+CO. =H.O+CO•.

The first three reactions are regarded as practically complete.
The division of the carbonate and bicarbonate radicles between
calcium and hydrogen and the division of the calcium between
the carbonate 'a nd sulphate radicles are not definitely known:
and they probably differ with different conditions of boiler operation. Formulas were constructed for maximum and minimum scale formation, but the differences were so small that
they were rejected for one showing the average scale formation, as follows:
Se (scale) =0.00833 Sm (suspended m a tter) +0.00833 Cm (colloidal matter)
.
0 .0107 Fe +0 . 01~7 Al +0.0138 Mg +0.0246 Ca.

+

The result is in pounds per 1,000 United States gallons of
water, when Sm, Cm, Fe, and the other amounts represent parts
.per million found by analysis. The value 0.00833 is one part
divided by 120 to convert parts per million to paunds per 1,000
' Engin eer i n g N e w s , v o l. 60, Oct. 1, 1008, p . 355.

MUNICIPAL,nOMESTIC AND I-NDUSTRIAL WATER SUPPLIES

247 -

United- States. .ganons. · The value 0.0107 for iron represents '
one part of iron calculated: to FeO and divided by 120. . The
value for calcium is the mean of one -part of calcium ca~culated
to carbonate and one part 'calculated to sulphate, and the mean
divided by 120. From this explanation the remaining values
will .be evident. The amount of calcium introduced into this '
formula should not be, in excess .of the calcium equivalent of the
carbonate, bicarbonate and sulphate radicles--....:.that is, Ca should ·
not exceed 0.668COs+0.328HCOs+0.417S0., ·because- such· ex.
cess would not be precipitated.
The precipitated matter may be hard scale, wholly or in part, .
or it may be powdery sludge. The amount of hard scale that
may be expected from a water can be calculated 'by means of ·
the subjoined formula, which assumes that hard seale is composed of silica, calcium sulphate 'a nd magnesium oxide. All the
silica and magnesium are precipitated, together with an amount
of calcium dependent on the relative abundance of the chloride,
,sulphate and .alkali metal radicles.
Hs (hard scale) =0.00833 SiO,+0.0138 Mg+ (0.016 Cl+0.0118 80.-0.0246 Na().0145K) .

The first two values w~l1 be clear from the pr~ceding eipl~na
tion. The value 0.01601 equals the calcium sulphate. ' co,rre:'
spondin~ to the calcium th~t might be ,a ssociated with chlor~e;
0.0118 is th~ calcium sulphate that might be formed from '
the S04 radicle present. The values 0.0246N:aarid 0.0145K: reI?'.. :
resent the' calcium .sulphate corresponding to these two··inetals.
The value for the parenthesis of this formula muSt not· exceed
0.0118S0 4 or ·0.0283Ca in order that ' deposition 9£ I iIhpossible
amounts of scale shall not be indic~ted. ':
. '.'
.
These two formulas: permit calculation of the l'hardness of the
scale which a water will form. The coefficient · of'scafe :hardriess, h;' equals Hs divided by Sc:
' .,. .'

all

PRE"VENTION OF SCALE.

WATER SOFTENING.

The waters of Iowa are undesirably hard for ' ~'team 'b oilers
and f.or most industrial purposes. This is especlaiiy' tf~e . of
well waters. The condition is a permanent one and 'th~ .inc6nvenience of using such waters in the natural state. win increase
as the industries of the state are developed. It 'W()lild .seem" in
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the natural order of development that the softening of water for industrial purposes should become general, as the apparatus and processes are improved and as the advantages
become better understood. Already good beginnings have been
made. Several railroads are successfully operating softening
plants within the state. Of these the Chicago & North Weste,r n
Railway has made the widest application of the proce'ss, having
twenty-two plants in Iowa with a total capacity ,of 5,500,000 gallons a day. Several ice, traction, lighting, heating and manufact.uring concerns are operating on a large scale plants in
which the principles of water softening are employed in a thorough-going way, 'aiming at the removal of all the scale-forming material possible. The plants operate in the cold and probably give as good results in point of efficiency and economy as
are 'obtainable at the present time.
;METHODS OF' SOFTENING WATER.

In softening water the main purpose is to remove those substances which form scale-calcium, magnesium, 'aluminum, iron,
silica, the carbonate radicles, and suspended matter. The
hydrogen ions are removed when water is softened by the use
of alkali-es, thus rendering the water practically' noncorrosive.
These results should be accomplished with the addition of a
minimum of,foreign substances, which in small quantities should
be harmless. The methods may be classified as follows:
softening:
(a) H,e ating the water alone, usually in a feed-water heater.
( b) Heating the water and adding chemicals.
2. Heating in the boiler, 'a nd using a boiler compound.
3. Heating in a separate plant with chemicals.
Cold softening:
4. Treating ~n a separate plant with chemicals, usually lime and
soda ash.

Ho~

1.

HOT SOFTENING.

In feed-water heaters.-Purification of water by h~ating it is
usually carried ,out in a feed-water heater, or preheater, in
which the raw water is heated with exhaust steam and is fed to ,
the boiler at about the boiling temperature. The boiling of
water containing considerable quantities of calcium, magnesium
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and the bicarbonate, radicle causes the precipitation of calcium
carbonate and basic magnesium carbonate, which continues till
either the basic or the acid radicle is exhausted. The hydroxides
of irron and aluminum may be precipitated at the same time.
The substances in the water may be present in, such proportions
that the whole of the incrusting solids, are removed to the limit
of solubility of the, carbonates and hydroxides. Ih the feedwater heater. however, the water is usually not actively boiled,
and anyone portion of the water remains near the boiling point
'only a short time before it is run into the boiler. The result is
that the precipitation is far from complete. In most waters
the content of calcium and magnesium together is more than
equiv'a lent to the bicarbonate radicles. In many installations
the aim is, therefore, to add the necessary amount of carbonates
in the" form of soda ash.
Forms of feed-water heaters are many, but they may all be
classified under two general heads, as closed heaters and open
heaters. Closed heaters 'a re those heaters in which the steam is
conducted through tubes placed in the water to be heated and
purified or those in which the water passes through pipes surrounded by exhaust steam. Open heaters include those in which
the water is spr,a yed into chambers or run in thin sheets over
plates in immediate contact with the steam, and this style has
the advantage of imm~diate contact of steam and water. In
any for.n of feed water heater the'r e should Qe a reservoir at the
bottom, und'1sturbed by strong currents of either water or steam,
where the precipitated matter may settle and from which the
"sludge" may easily be drawn ,off. In some forms the hot purified water is carried from the upper part of this reservoir directly into the boiler and in others it is drawn from a compartment separated from the settling chamber by suitable filtering
units.
Aside from their merits as economizers of fuel, £eed-water
heaters have the advantage of permitting the precipitation of the
mineral matter where it can easily be removed-that is, before
it reaches the boiler. Furthermore, the mineral matter is far
Jess likely to form scale. For the most part it is deposited as a
powdery mass which can easily be washed out. In the closed

.
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feed-water heater the ,temperature of the n;tetal does ,not rise
abov~ about 100·C, and ,in the open heater met~llic ,heating surfaces scarcely' come into, account.
Hot - softening in 'bbilers.-,-Cbmpetent engineers generally
agree that the time to soften a water is before it enters the
boiler, where the sludge can be most hiumfUl arid where it ' is
the most difficult to remove. Softening in the boiler is probably to be regarded as a poor make-shift, justifiable unly where
the accessory softening-apparatus can not be' provided; nevertheless, the use of boiler compounds seems,' to be fairly general.
The number of boiler ' compounds on the market is large.
Some which are intend,ed to precipitate the mineral matter in
the boiler, consist of soluble alkalies; others, intended to prevent the adhe:rence of hard scale, may 'contain clay, 'sawdust,
graphite, glycerin, and oils of various sorts;' others are said to
contain acids arid acid salts, 'such as acid sodium sulphide.
. If no better scheme than that of using chemicals in the boiler
is available, this should at any rate be done with due regard
to the requirements of the case in hand. It is· obvious that any
general commercial boiler compound can only by chance be
suitable for any specific water. To get the best results the substance used, in most cases a mixture of the' alkalies, should correspond in its composition and in the amount used to the particular requirements of the water to be treated. An accurate
mineral analysis of the water should be made, and -then a boiler
compound shoUld be made for that water. It should be used
only in sufficient amount to cause complete precipitation of
scale-forming substances. SodiUm carbonate will probably serve
the purpose best.
H at softening -away from the boiler.-There is no great dif- '
ference between the chemistry of this process and feed-water
heating save that the apparatus is a separate one and the ·water
is stored and used as required. It is 198,s economical, since the
water is stored and allowed to cool. The precipitation and
settling of the sludge are, however, facilitated by heat.
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COLD SOFTENING.

Probably the ' most thorough~going and extensive application
of the principles of water softenmg is to be found in the large
plants for the softening of hard water at ordinary temper'ature. Though there are many forms of apparatus for this' purpose now in use, their ' principles of operation a.re much the
same. ":They are- to a large extent automatic. ,The water to be
softened is measured by, some sort of automatic device, and
the same :may he said of the chemicals in solution or sus.pension. For example, in the apparatus designed ,by ~eorg,e' M.
Davidson for the Chicago & N orth Western Railway Company
the' water to be softened is measured in', two tilting vess~is holding' about 100 ga.llons each. These are geared to punips witli
cylinders of adjustable 'c apacity which supply the ch~micals in'
knoWn quantit'ii"ls parallel to 'the v6lumes of water to b~ softened.
The weight of ' the water alsosupplies l~power for ' the stitring
in the ' precipitation ' tank.
other f6l'}lls"power "is supplied
by me.ans of a water wheel~ as iIi' the Kinnicilt apparatus. ' Ali
forms have several separate vessels, including chemical tanks
or boxes, 'a p~ecipitation tank, uBuaily two s'e ttling tanks~ ',a nd
a ,s torage tank. To secure compactness some of these 'are reduced 'to compartments, as in the "Kinnicut appa:ratus~ The
capacities" of such plants vary with the ' requirements, some
having as smail capacity "as 200' and others as large as ' 60;000
gallons per hour.
'
.
;'
The lS oft~ning of water ,ip. the cold is accomplished by precipitating the objectionable ,~r scale-forrp.ing material in the
form of hydroxides and normal and basic carbonates. It is
necessary to add hydroiyl radicles to' neutralizehydrogel1 so
as to form the hydroxides of iron, aluminum, ,and magnesium
. and to convert the bicarbonate radicles an<;l dissolved carbon
dioxide into normal carbonate radicles in order to precipitate
calcium., If the amount of normal carbonates is not sufficient
to precipitate the calcium, then carbonate radicle must be add~d,
usually in the form of ,soda ash. Sodium hydroxide ;might be
used to supply the, hydroxyl radicles, which would, introduce
comparatively harmless amoUnts of sodium, but lime is' commonly preferred on account of its cheapness. The calcium ' in-

In
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troduced by the use of lime must in turn be removed as carbonate, for which extra soda ash may be required.
The following equations express at least approximately the
reactions involved:

+H

+

HO=H.O

+++
AI
+3 OH=Al (OHl 3

++

Fe

+2 OlI:=Fe (OH).

++
M;g

+2 OH=Mg (OH),

CO.

+20H=H.O+CO.

++
Ca

+

=

C0 3 =CaCO.

Leaving out of account the small amount <of silica, the sulphate radicle is the only substance, of those commonly found
in scale, that remains in the water at the €nd of this process.
However, this radicle is, now associated for the most part with
sodium. Sodium sulphate is very soluble in water and is not
likely to cause trouble until it becomes concentrated enough to
aid materially in causing the water to foam.
Stabler' has given, perhaps in the most scientific and convenient form, formulas for the calculation of the weights of
soda ash and of lime which must be added to soften in the cold
a water of known mineral content. The first gives the lime re quired and the second the soda ash which the same water will
require, if it requires any, after the lime has been added:
Lime required=O.00931Fe+O.0288Al+O.0213Mg+O.258H+
O.00246HCO.+O.0118CO•.
Soda ash required=O.0167Fe+O.0515Al+O.0232Ca+O.0382Mg+
0.462H-O.0155COr-O.00763HC03.

'T he two equations give, respectively, the amounts of lime
90 per cent pure and of soda ash 95 per cent pure required to
precipitate.in the cold the scale-forming ingr,edients and to
neutralize the corrosive ingredients. The manner of deducing
the coefficients is explained mMr. Stabler's report. The symbols in the equations represent the amounts in parts. per million of the constituents of the water. If the second equation
has a negative value or is equal to zero, no soda ash is reqUlred.
It will be noted that these formulas take no account of the ·
'Water-Supply Paper

u. s.

Geol. Survey No . 274, 1911, p. 170.
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hypothetical salts that may exist in the water solution, and
rightly so, for the present theory is that in such dilute' solutions there is almost complete electrolytic dissociation. In
practice the formulas may be simplified without leading to large
errors and in many waters the errors would not be perceptible.
In Iowa waters iron and aluminum rarely exceed one or two
parts Der million, the normal carbonate' radicle is rarely present, and acid hydrogen is also exceedingly small in amount. In
the majority of computations, therefore, lonly calcium, mag~
nesium, the bicarbonate radicle, and free carbonic acid need
be ta~en into account. It is probable, moreover, that where only
one to two parts per million of ir,on and aluminum are present
they could not be removed even in part by softening, because
the amounts of their hydroxides possible would not exceed the
solubility limit of those hydroxides.
LIMITS IN REMOVING INCRUSTING MATTER.

It is not possible to remove all <Of the incrusting matter
from water by precipitation, as none of the compounds that
,are formed are wholly insoluble. If it is assumed that calcium
carbonate and the hydroxides of magnesium, iron, and aluminum would be dissolved in the purified water to the same extent as in pure water, there would be about forty parts per
million of the four incrustants remaining in soluti'o~. The
solubility of aluminum hydroxide is here rated as about the
average of the other three compounds. Forty parts per million
may be taken as about the limit of efficiency in water softening
ideally carried out. In practice there is not always time for
thorough mixing, nor for the reactions to complete themselves,
nor for thorough settling. It can scarcely be claimed that analyses are perfect and that the chemicals are accurately adjusted to
the work to be done. In view of these difficulties it is not surprising to find that in practice the amount of incrusting matter remaining ranges from 50 to 100 parts per million. The average
is about 70 parts, an amount of scale-forming material so small
as to be regarded as comparatively harmless. In practice the
residual incrusting matter seems to be within wide limits, largely independent of the amount originally present.
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COST OF SOFTENING WATER.

SO far as relates to the cost of the plants themselves, little
information can be given, as they differ widely in form, muterials and capacities. The cost of operating expenses and
cherriicals ranges from one cent to ten cents per 1,000 gallons.
The average is ahoutthree cents in Iowa plants, so far as mformatioI!. has been obtained. The cost for chemicals is very
:;mall for waters in which the calcium and magriesium do not
exceed 'in chemical equivalence the carbonate radicles preslent,
as for these waters only lime is required. Where the 'contrary
is 'true the carbonates must be supplemented by the addition
of the more expensive soda ash. In a general' way, however,
the cost of chemicals runs parallel to the unsuitableness. of the
water for boiler use in its natural'state.
Considerable information has been: collected relating to the
profitableness of softening plants, and it · is uniformly to the
effect that they far more than rep~y their cost. The Chicago
& North Western Railway 'Company, which has taken .up water
softening on a more extensive scale than any other institution
in the state, reports that the results are ' very gratifying, the
cost being more than repaid by the economy of fuel, the ~nerle-ased life of boilers, the efficiency of the engines while working, and the great decrease in their periods of idleness in the
repair shops.
SUMMARY.

The subject of water softening has been treated fully because
it is believed that its use should be greatly extended in the
state and should be'come general where water is used in con..
.Riderable quantities for industrial purposes. It has already
been proved practicable and profitable when carried out on a
large scale. Great improvements in the proce'ss havle' been
made in the last few years, and still further improvement in
the way of cheapness and simplicity is likely. It does not seem
probable that a people so thol"oughly progressive in other respects should be satisfied with what nature gave them in the
way of water for industrial purposes, any more than they have
been content to depend for their town supplies on private wells
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or on a public system with polluted water unsuitable for do~
mestic purposes.
Among the cities and towns of Iowa sharp rivalry ana keen
competition exists in securing industrial establishments which
may contribute to their growth and wealth. Water systems
.have been installed in many towns sooner than they would
otherwise have been, in order to obtain suitable protection from
fire ·a nd more favorable insurance ra,tes, and especially in the
larger towns, to benefit the manufacturing interests and to induce other concerns to locate in them. In some towns private
companies have been organized to put in supplementary systems of water more suitable than the city water for boiler and
other industrial uses. Several years ago public-spirited citizens of Grinnell bought suitably located land, built a dam for
an artificial lake, and put in the necessary conducting mains,
pumping machinery, and storage, at a cost of about $40,000, to
make the water of this lake available for industrial uses.
Any establishment using large v·olumes of water can well
afford to install its own softening plant, and in some places .
the ' manufacturing interests may well combine to er·ect and
operate a softening plant to treat for their purposes water
drawn from the city system. It undoubtedly could be done for
a small fraction of the outlay necessary to put in a ·whole extra
water system, and probably it would secure a far better water_
CORROSION OF BOILERS.
NATURE AND LOCATION.

Corrosion of boilers may be general over considerable surfaces; it may take the form of grooving in the direction in.
which the iron was rolled or drawn, or it may be localized at
certain points producing depressions, known as "pits." Sometimes the pits may be concealed by prominences composed of
adherent rust formed at the expense of the iron. CO~:'r,osion is
likely to take place more rapidly on the bottom plate of the
boiler; at the water line, especially if the boiler is used intermittently; around bolt heads and stays; and near the water
intake.
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CAUSES OF CORROSION.·

The corrosive action may be assumed to take place at ordinary .temperature, and the theory may be applied to the ordinary rusting of iron in the presence of air and natural water.
At boiler temperature the corrosive action is in many respects
the same, though it may be much accelerated by heat. Some
additional phases, howev,er, must be considered, the most important being the apparent direct decomposition of the water
by the heated iron, accompanied by its oxidation, and the supposed hydrolysis of magnesium chloride setting fr,ee hydrochloric acid. ose has furnished much inftormation on these two
subjects,
In many textbooks and paper;s de1aling with the corrosive
action of water it is stated that, magnesium chloride undergoes
hydrolysis when its solution is boiled, setting free hydrochloric
acid, and that, therefore, water containing this salt can not be
used in boiler,s. This statement has apparently been copied
from Wagner.2 It is true that when the hexahydrate of magnesium is heated, it undergoes some hydrolysis 'and forms
soml€! hydrochloric acid, but that any such action takes place
on heating a dilute solution of magnesium chloride, such as
would occur in boilers, seems doubtful. Ost studied the action
·of salts and especially of magnesium chloride on iron under
the ordinary conditions of' temperature 'and pressure in ste'am
boilers. He used boilers of .a bout 2112 liters capacity, made of
iron, copper, and copper lined with tin. He fir,st dios.tilled dilute
soluJtions of magnesium chloride to a concentration of 20 per
cent, and found the distilled water free from hydrochloric acid,
though the copper and the tin vessels were attacked. He then
repeated his experiments wilth a boiler of Krupp-Siemans-Martin steel, at 'a pressure of 10 atmospheres, corresponding
to a temperature of 183 C. After every experiment, no
matter whether pure water or salt solutions were used, the
surface of /the boiler was covered with la da,r k layer of ferrous
oxide. A,s air was excluded Ost could assign the> formation of
oxide only to the decomposition of water, which, as ,special
experiments showed, took place to some extent even at 100 C.
0

0

'Ch e m.-Zeitung, vol. 26, pp . 81.9, 845.
'D ill g'l e r 's Poly t e ch. Jour., v o l. 21 8, p . 70.
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In a series of lexperiments magnesium chloride, potassium
chloride, sodium ,s ulphate, potassium ,sulphate, ealcium chloride,
.and magnesium sUlpbate, in five per cent solution, were tried.
The solutions produced approximately the same amount of
ferrous oxide~ but iron went into solution only when magnesium
sulphate or magnesium chloride was used. The solution of
iron wa,s not proportional to the decomposition of water and
the oxidation of Ithe iron. The last was strongest when calcium chloride, pota,ssium chloride, potassium ·sulphate, and
slodium sulphate were used. Magnesium chloride, therefore,
.can not dissolve iron through hydrochloric acid formed by its
hydrolysis. The fact that iron goes inlto solution when magnesium salts are uSled is due, according to Ost, to the reactions
MgCl. +Fe
MgSO.+Fe

(OH).~ = ~FeCl.

+Mg (OH).
(OH).

(OH).~ =~FeSO.+Mg

These reactions are reversible and with equivalents present
should run preponderatingly fr9m right to left. The reversal is
due to ithe mass of magnesium Isalts.
From these experiments it seems evident that magnesium
chloride has not the high corrosive action on boilelr s usually
ascribed to it. It is not to be cla,s,sed with salts of copper, iron,
and aluminum, which undergo hydrolysis even at .o rdinary \temperature. The facts seem ·t'o, be that neither the salts of magnesium nor those qf calcium, potassium, or sodium, when the
negative radicle is that of a strong acid, have essentially more
eorrosive action on iron than water itself at the same temperature with air excluded.
Ost found that under a pressure of 10 atmospheres a magne,sium salt losesl its power to CJarry iron into ,s olution when onefourth of its equivalent of calcium carbonate is present. The
explanation is thalt the magnesium salt and the calcium carbonate react, forming magnesium basic carbona,t e and hydroxide, which serve to drive the above lIeaction from right to left.
In this and in other way,s, calcium carbonate may check corrosion. It is not entirely insoluble in water, and the dissolved
portion may be a ssumed to be dissociated. It may react with
any strong acid pr!elsent, forming carbonic acid which will be
17
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decomposed and thr,own out of the chemical system at higher
temper3.ltures, thus,
++ =
+ == ++ =
Ca, CO.+2 H, SO.=Ca, SO.+H.O+CO.
INTERPRETATION OF ANALYSES WITH REFERENCE TO CORROSION.

In the corrosion of iron the metal takes the place of some
other positive radicle, as for eX!amp1e, hydrogen which may
escape, or copper which may be precipitated. There seems little doubt that in practice the hydrogen radicle is almost the only
ag1eillt of corrosion. As already indicated, ionic hydrogen may
be present in the cold water, and its amount may be increased
by incre3ised hydrolysis of copper, iron, and aluminum at high
temperatures. Though we are hardly justified in adding magnesium, itt may, as Ost has indicated, aid in the solution <
of iron
already oxidized.
Certain ,substances, on the other hand, restrain or prevent
~orrosion-that is, they tend to neutraJize the hydrogen radicles. The soluble carbonates have been mentioned. The water
is corrosive or noncorrosive according to the preponderance of
the corrosive agents or of the restrainers. It is very desirable
to know from the analysis of a water whether it is likely to be
corrosive or not, but it i<s evident from contemplation of the
large number of sUbstanee;s that ordinary water may contain
that the problem is somewhat complex. Stabler' has proposed
a formula by which it may be inferred whether a water is
likely to be corrosive or not. C, the coefficient of corrosion, is
computed thus:
C=1.008 (rH+rAl+rFe+rMg-rCO.-rHCO.)

Here r is the reacting weight of the respective radicles with
which it is '3issociated and the reciprocal of the equivalents of
those radicles; H, AI, Fe, etc., are the weights of these substances in parts per million as found by analysis. If r is multiplied by the wei~ht in milligrams of the element and the
product multiplied by 1.008 the result will be the weight of acid
hydrog1em. chemically equivalent to the radicle. Supplying the
value of r and multiplying through by 1.008, we have the equation:
C=H+0.1116 Al+0.036 Fe+0.0828 Mg-0.0336CO.-0.165HCO.
'Water-Supply Paper U. S. Geol. Survey No. 274, 1911, p. 175.
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That is, the weight of lionic p-ydrogen toot may appear on
heating , the water is equal to the weight of hydrogen radicle
found by all!alysis (the acidity le xpressed in terms of hydrogen),
plus the hydrogen equivalents of iron, aluminum, and magneSlium, minus the hydrogen equivalents of the carbonate and
bicarbonate r'adicles. In interpreting the value of C due regard must bel paid to the fact that calcium 0'll,r bonate may be
precipitated on boiling, since this carries out of the ' system the
carbonate radicle with which hydrogen may unite to form water
and carbonic acid. Granting that all possible calcium carbonate
will be precipitated, and that the neutralizing action of this solid
is nothing; the effect of. the carbonate radicle to counteract cor':'
rosion will be reduced by 1.00S.rCa, or 0.0503 Ca. With this
latter value in view, three cases may be distinguished:
1. If C is po.sitive, 0o,r rosion will certainly occur.
2. If C+0.0503Ca is negat~ve, no corrosion due to mineral
matter will occur.
3. If C is negative and C+0.0503Ca positive, corrosion may
or may not occur.
As the coefficient ·o f corrosion is equivalent to the concentration of the hydrogen ions, corrosion is in general proportional
to the positive value that can be assigned to C. There is reason
to believe, howeVler, that corrosion is facilita.ted by certain other
conditions. The reason that pure zinc will not readily dissolve
in pure acid seems to be that its surface quickly becomes cov·
ered with a film of hydrogen which prevle nts further action.
, If, however, the zinc is placed in contaCit with ' some metal of
lower solution ' pressure, such as lead or copper, or with some
indifferent but conducting substance, such as graphite, an electric battery or couple is formed. The hydrogen then appears on
the second metal or on the graphite, 'a nd the aocion of the acid
on the zinc is greatly acceJ.erated. This principle has wide application in accounting for the corrosion of iron. Rust once
formed on a boiler plate or tube acts toward the uncorroded
iron in the ,same way as the copper toward the zinc in the instance just described-that is, the mass of rust becomes the
cathode plate and the iron the anode of an electric couple and
the rusting of the iron is greatly increased. Once the action
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is started it is likely to continl!-e .and spread at that place, producing a nodule of rust under which is a pit in the mte,ta.l. A
familiar illustration may be given. Everyone has observed
that a polished tool such as a knife blade, a saw, or a chisel
may long remain bright and free from rust, but that once iJt has
been attacked by rust, the action will continue in spite of :all
ordinary attempts to prevent it. The same electric action may
take place around the bolt heads' when the bolts and the plates
are not made of the sa.rp.e"quality of iron. Even the s'ame piece
of iron may not be homogene,Ous in its composition, and therefore, ' one part may be anode and a neighboring one ma.y be
cathode. It is probable that the grooving of iron by rusting
may be accounted for in this way.
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CHAPTER VII.
MINERAL WATERS.

BY W. S. HENDRIXSON.

DEFINITION

All natural waters, ·wheiher from streams, lake,s, ,or well::;,
are mineral in the sense that they conJtain in greater or .smaller
amounts certain chemical substances occurring on or near the
surface of the earth. Popularly:, however, the term "mineral
waters" tis us~d to designate water,s that conltain unusual substances in solution or common substances in unusual amounts.
The term is often applied to waters containing some constituent observabLe directly by the senses, such as sufficient iron to
stain rocks near ' springs or enough hydrogen sulphtide to, be
detectable by the odor. Many water.s contain enough of certain
radicles, such laS chloride or sulpha:te, to possess a decided
taste, and these are classed as "mineral waters." Analyses of
many commercial mineI'M waters show that ,they contain no
appreciable amounts of substances not ordinarily found in most
natural waters, or that they contain traces of substances not
usually sought for in the analysis of waier, but in !amounts too
smail to have any mediciDJal value.. The charactet of commercial mineral wate'rs is well shown by the analyses of 53 of
of the most prominent of such waters made by the Department
of Agriculture:
MEDICINAL VALUE
Probably the beSlt drinking water for most per.sons is organioally pu.re water containing in small amounts only the usual
'Haywood, :1. K., Mineral wa'ters of the United States: Bull. No. 91, Bur. Chemistry, U. S. Dept. Agr ., 1905.
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inorganic constituents found in nearly all ll'31tural waters, for
to such water the human system is apparently best adjusted.
The amounts of ,such matter may apparently be greatly .varied
without Clausing any observable bad ef£ects. No very definite
evidence that waters containing a.s much as 1,000 parts per
million of the common ingredients are temporarily or permanently injurious i,s ·obtainable. When the solids are much
greate1r than ,this amount, the waters ,are 9bjectionable to mJany
per,sons because' of their taste, and they may prove laxative,
at least till persons become accustomed to them. This is, of
course, more likely to occur if the sulphates al'lH large in amount.
The medicinal effect of .n~lID.:eral. 'fil,~rs is open to investiga-"
tion and discussion, for no comprehensive and scientific investigation on this s:ubject, dealing with largle nunibers ·of patients
and a .variety 'o f·well-characterized W1aters, ' has been carried out.
lt does not inspire .confidence in the ·healing powers ' of mineral
waters Ito find tha.t the same water is recommended to cure a
great v.ariety of unrelated ,dLseases, that very different waters
are advertised to cure the same disease, and that, perhaps, the
majority of "mineral waters" do not differ materially in their
mineral content from widely distribut~d no.rmal waters that are
used by thousands of pe'rsons without a thought of their posses's ing any special medicinal value. It is . by no . means con·
clusive ev.idence of the therapeutic Vialue of mineral waters that
many persons who visit mineral-spring resorts and sanitariums are benefited. The very fact that persons suffering from
a large variety of diseases are helped by one and the same water
would seem to indicate that the mineral content of the water
has little to do with it.. P.ersons who visit such institutions are
subjected Ito conditions different from those surrounding their
own 'homes; they are temporarily relieved from burdensome
cares' la nd are more or less firmly convinoed that they will be
. benefited or cured; they take normal exercise, stay 'out of dolOrS,
and drink plenty of water, thus cleansing· their stomachs and
regulating their body func.tions. Such conditions are powe'r ful
factors in curing disease.
Medicinal value may, however, be ascribed . to mineral -\v'a ters
of certain kinds. Oonsiderable amounts ,of lithium may assist

.
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in-eliminating uric acid and' calculi, and the iron of the water
may possibly prevent undue loss of organic iron in an~mia. Alkaline waters may correct too great acidity in the digestive tract,
and magne~ium or sodium sulpha,t es may prevent constipation.
EXTENT OF MINERALIZATION

The main purpose 10£ this study has: been to determine the
suitability of Iowa water's for industrial and not for physiologic
purpose's, and no attempt has been made to determine lithium
and some other substances occurring rarely taIld in very small
amounts;. P01;l.btless lithium occurs in quantities detectable by
the spectroscope in some Iowa waters, but probably not in sUfficient amounts to make the waters physiologically beneficia.} ' to those usin,g them. Iowa waters, like commercial mineral wtater~, sho~d be judged by their cO,n tent of the substances
occurring in measurable amount in therq.. If they are rated in
this way, therE~ appE;lars no evident reason why many Iowa
waters. shoUld :r;toLt . pe considered equal ' to well-known mineral
waters. Many waters on sale are so highly m.i.neralized that
they are not suitable for general industrial or domestic use,
and their characteristics are not unlike many in Iowa that well
drillers 'avoid and case out. To make this fact plain, comparisons of some Wiell-known commercial mineral waters with typical Iowa waters are made. Few well waters in Iowa are so
lightly mineralized as those given in the following table:

,
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Comparison of light mineral waters with two Iowa waters and with Lake
Michigan water.
[Parts per mllllon]
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20 6.7 7.8 1.9 112 2.8 4.6 0.03 b201 (1) .

3712

15

2.6 166 5.9 10

T. 0288 (I).

3110

10

1.7 U8 8.8 22

T .

a300 (1).

2.7 81 6.1 4.0 T. e193 (1).
aSum of constituents without subtracting one-half the bicarbonate radicle.
bNitrlte radicle (NO;J, .003 part per million; ammonium radicle (NH.), .069 part.
cNitrate radicle (NU~ ), 7.08 parts; ammonium radicle (NH.), .005 part.
aNitrate radicle (NO.), 88.6 parts; ammonium radicle (NH), .01 part.
e Nitrate radicle (NO. ), 3.54 pa rts; ammonium radicle (NH.), .04 part.
fHa ywood, J. K., op. cit., pp. 42, 51, 61, 73.
7 2.222

The WieU water from Atlantic, Iowa, is chosen on account of
its small content of mineral matter for a well water. That from
Manchester, Iowa, may be considered typical of the best waters
of the large springs in Iowa. The Lake Michigan water is included because the analysis represents ,t he average quality of
water drawn from widely different sources and be0aJUse it is
not considered an exceptional water po,s sessing speci:al medicinal properties.
The next table compares three mineral waters of rather low
total .solids with one of the beSot deep-well waters of Iowa. This
.water represents in general way the well waters of the northeastern pa.rt of the state, which are excellent drinking waters
and which, according to 't he analyses, are as good as the mineral
waters. In the one of these waters containing la, weighable
amount of lithium the amount is .8'0 small that one would have
to drink abou~ 75 gallons of the water to obtain a no'r mal
medicinal CLolse of lithium.
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Comparison of certain mineral waters with a well water ai Dubuque, Iowa.
(Parts per million.)
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aSum of the constituents without subtracting one-half the blcarl)onate radicle.
bHaywood, J . K., op. cit., pp. 53, 52, 34.
cNltrate radicle (NO.), 3.5 parts per million .
aNltrate radicle (NO,), 4.0 parts; ammonium r adicle (Nl!~), .04 part.
eNltrate radicle (NO,), 2.2 parts; a mmonium radicle (N.t1.) , .185 part.

In the third table four mineral waters are compared with the
objectionable well water from Farmington, Iowa. All five are
typical hard waters of the calcium SUlphate type, a type wbich
should be rejected as a source of municipal supply. A similar
parallelism might be drawn between other commercial waters
and other more strongly mineralized Iowa waters, but from this
table it may be inferred that Iowa is well supplied with mineral
waters, according to popular a.cceptance of that term. The
northeastern part of the state has an abundance of organically
pure and lightly mineralized Wiater which might legitimately be
.
sold as high-grade table waters.
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('''ompar'i80n of heavi ly mi neralized commercial waters with the city well water.
Farmington, Iowa.
,

(Parts per million.)
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aSum of the constituents Without subtracting one-half the bicarbonate radicle.
bHaywood, J. K., op. cit., pp. 41, 59, 36, 37.
cNitrate radicle (NO,), 0.44 par.t per million; ammonium radicle (NH.) 0.016 part.
dNltrlte radicle (NO) 0.009 part; ammonium radicle (NH,) 0.58 part.
eNitrate radicle (NO~ 0.21 part; ammonium radicle (NH,) 0.015 part.
fNitrate radicle (NO.) 0.21 part; ammonium radicle (NH,) 0.01 part .

.A few Iowa waters are advertised as hiaving curative properties. The mOist noted is that from wells about 300 fleet in depth
in 'and near Colfax. In. the lower parts of the city they are
flowing wells and all yield the same quality of water. Several
hotels and sanitariums Owe their popularity jn. no small measure to the reputation of the Colfax water, which is sold in large :
quantities. Essentially the s'arne quality of water LSI found in:
several wells in the same county and in ,o,t her parts of the
state .. Those in Jasper and Polk counties probably draw their
Wiater nom ,t he same 8ource, the Carboniferous,' and probably
from the Pennsylvanian or the underlying Saint Louis limestone (Mississippian). At the beginning and at the end of the
following table are an3J.yses ,of two representative Colfax
waters and between them are analyses of several waters from
the same locality and from other parts of Iowa. All are highly
mineralized but contain only moderate amounts' of calcium in .
comparison with the laTge amounts ,or sodium and sUlphates.
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Comparison of water from COlfaz, Iowa, 'With other hard, Iowa waters.
(Parts per mlllion.)
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260 1,605 292,406 H. S. Spaulding.

287 53 5591 7312 1,669 107 2,706 W. S. Hendrixson

12 0.51

108 89

414 1,520 482,645

Do.

108

1

198 71 4001 14 280 1,214 157 2,213

Do.

208

1

231

715

6~

<112

264 1 ,822 84 2;274

Do.

100.43

303 52

436

262 1,600 182,558

Do.

555

249 87

521

9

UO.?1
I

235 97 463

439 1,477 46 2,678
260 1,495 272,460 H. S. Spaulding

aSum of constituents minus one-haIt the bicarbonate radicle.

Water from the well of S. C. Johnston a,t Flagler is sold in
considerable quantities.. J.t is very heavily mineralized, the
solids being nearly 9,000 parts: per million, including very high
calcium, sodium, oIlJnd sulphates. It differs little 'f rom the water
of the city well at Pella, which is used only for fire protection
and for sprinkling the streets and is probably derived from the
same geologic formation. Thompson Craig's well at Knoxville
aLslo, yields about the same kind of water. Water is also sold
from the Red Mineral Spring at Eddyville. It is l'Iecommended
as an antiseptic water for both internal and external use. Small
slamples received at this laboratory seem to justify -the statement that it is antiseptic, as they contain cOL.siderable amounts
of free sulphuric acid, probably due to the oxidation and hydrolysis of ferI'lons sulphate. The amount of iron in the water
is very large. From the character of the water and descriptions of the spring it may be concluded that the spring cons.ist~
of a small flow from a layer of disintegrating shale containing
iron pyrite. The well of Mr,SI. Cora A. Huber at Tama supplies
a very heavily mineralized water, which is sold. J.t contains
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more than 5,500 parts of solids. It is very much the same as
the Colfax water, except that the concentration of the constituents is nearly doubled. Water is is sold from Isome o·t her wells
and spring's in the state, but so far as is known the amounts are
comparatively insignificant.
TYPES OF MINERAL WATERS
SCHEME OF CLASSIFICATION.

The radicles determined in the analytiCJal work of this investigation have already been giv,en (p. 159). It seems desirable to
make some general statements concerning the variations 'in the
amounts, of these radicles, and to indicate a scheme of c1assification by which the wateIis' may be arranged in groups so as to
bring more clearly before the mind the similarities and differences in their quality.
The gr.ound waters of Iowa can not be separated into distinot classes with the representatives of one clas:s clearly differentiated from those of any other, for they grade into each
other by ,a lmost insensible, differences. Much overlapping of
groups occurs in any system of classification, and the relationships lof the waters to ideal types .can be indicated in only a
~eneral way. No attempt is made to classify all the waters of
the Istate, but only to ,select ·a few good representatives of each
.
class as illustrations of the system and method.
For classification purposes the following scheme of J. K.
HaYWiolod and R. H . Smith, chemists of the Uni!ted States Department of Agriculture/ is used.
Carbonated or,l

SOdiC.
Lltbic.

~~f~~~lc.
'I'hermsl or
non-thermal. Magneslc.
Ferruginous.
Aluminic.

j

[ B~~:f~d~nllted.
SlJIcated.
I Sulpbated.
Muriated.
Nitrated.
Sulpbated.
Muriated.
Nitrated.
SulPpated.
Murlated.

1

~ Alkaline.

1

Arsenic.
Bromic.
rodic_
( Alkaline-saHne
Siliceous
I
Boric.
I
Lltbic.
I' Saline.
JI Ferruginous,
etc.
} Acid.

J

I

)

Nongaseous.
Carbondiox.
ated .
Sulpbureted.
Carbureted.
Oxygenated.

For the classification of Iowa waters, as analyzed, only a. few
of the classes in this table, which is elaborate enough to include
almost any mineral water, lare l'Iequired, but it is nevertheless
'Haywood, J. K., op. cit. , p. 11.
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given entire for the sake of completeness'. In the analyses no
attempt was made to determine unusual substances that might
occur in small amounts, such as bromine, iodine, arsenic, and
the common gtases of the air, since these substances in the quantities in which they might occur would have little or' no relation
to the primary practical objects of this study. It should be
stated, however, that fI'lee carbon dioxide dissolved in water
was determined. It was f,o nnd present· in all but two or three
samples, in amounts rarely exceeding 25 parts per million. For
this reason all waters with the exceptions noted ha.ve been regarded as containing their carbonates in the acid form, or, in
other words, as HCO a• Hydrogen sulphide, H 2 S, has often been
noted in Iowa well w.aters, and it has been determined in a few
waters. It was rarely la pparent when the wateI'ls' reached the
laboratory, and since the small amount thiat might persist 'a fter
shipment could give little information as to the amount present
in the water a;SI it came from the well, this gas was not determined.
In the f'ollowing arrangement of examples the classification
is governed by the prrominence or preponderance of certain
radicles. Certain constituents are common to nearly all ground
waters within the state: All such natural waters contain some
chlorine, some bicarbonates, rarely normal carbonates, and
neiaTly all contain nominal ,a mounts of sUlphates. All contain
at least a few parts per million of calcium and magnesium.
Such constituents are not taken into account in the nomenclature
unless rt hey occur in sufficient amounts to give the waters the
distinctiv'8 chara.cteristics which they might impart. For example, water is not cl!assified as sulphated unless it contains
the sulphate radical in large 'a mount; that is, 250 parts per
million or more of S04' I~ the same way a quantity of chlorine
less than 100 parts is not regarded as sufficient to justify caning
a water "muriated."
SODIe MURIATED ALKALINE-SAUNE WATERS.

W ater in which sodium and chlorine predominate and which
are alkaline to methyl orange belong to the clais's of sodic muriated alkaline-saline waters. The ro ther common const~tuents
may be present in sman or moderate amounts.

•
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None of the wells in IOWia so far as investigated yields strIctly
salt water or brine; salt ~Sl the largest constituent of the mineral
matter in · only a few waters. Nevertheless considerable
amounts of chlorine, exceeding 100 parts per mimon, are of
very frequent occurrence in Iowru ground waters. In several
wells the chlorine l'ieacheS' 500 parts or more; in the 1,006-foot
well at McGregor and in the deep wells near Knoxville it reaches .
nearly 1,000 parts, and in the well at Bedford at a depth of
1,300 feet it r,eached 2,546 parts.
Salt-holding waters ta re generally distributed throughout the
state, but such waters are especially common in certain localities. From the northeastern corner of the state southward
along Mississippi river chlorine tends to. increase. The deep
wells of Allamakee county contain about 70 parts of chlorine.
It rises to 240 parts in the 520-foot well at McGregor, in Clayton county, and to· 968 parts in the 1,006-foot well at the same
place, an amount exceeded only in the well at Bedford and the
Craig well at Knoxville. At Dubuque ,t he chlorine is ISCIarCiely
mOtTe than a trace, but at Clinton it rises again to about 50
parts in the deeper wells. It increases southward from Clinton,
being about 300 parts at Davenport and Burlington ·and about
600 parts at Keokuk and Fort Madison. Chlorine is present
in amounts ranging from 100 to 2,500 parts in all deep wells
tested in the southern part of the ' state. It reaches nearly
1,000 parts in the wells 'a t Flagler, Pella, and Knoxville (Craig
well), all in Marion county, and 2,546 parts at Bedford. The
deep wells near Missouri river usually contain notable amounts
of chlorine, but the quantities are Is maller as a rule than those
in the well waters 'a long the eastern border of the state.
The wells in the central part of the state north of Des Moines
do not contain excessive amounts of chiorine and rarely more
than 100 parts. More than 100 parts are found in the deep
wells at Fort' Dodge, Boone, Ames, and Dest Moines, and all
of these penetrate the Jordan or lower formations.
The only essentially salt waters are tho·se of the 1,006-foot
well at McGregor and the Bedford well at 1,300 feet.
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. Analyses ol lsodie muriated alkaline-saline waters in Iowa.
(Parts per · mIllion.)
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aSum of the constituents minus one-half the bIcarbonate radIcle.

SODIC MURIATED-SULPHATED ALKALINE-SALINE WATERS.

Waters in which sodium, chlorine, and the Isulphate radiCle
predominate are not common in Iowa. As a rule ' waters that
contain much sulphates also contain much calcium and magnesium. Those given in the next table, as will be l'Ie·adily seen,
contain little calcium and magnesium and are .to be rated as
soft waters. The fir:st and second contain bicarbonates in excess of calcium and ma¥11esium and would commonly be said
to contain sodium carbonate. Such waters from deep wells
are rare in this state.
A1ialyses ot sod.ie muriated-sulphated alkaline-saline waters in Iowa.
(Parts per mllllon.)
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SODIC-CALOIC MURIATED-SULPHATED ALKALINE-SALINE WATERS.

Sodic-calcic muriated-sulphated alkaline-saline waters are
much mOire common than members of either of the preceding
classes. This class includes, many of the mOist highly mineralized waters of the state, in which the most abundant constituents are sodium, calcium, chlorine, and the sulphate radicle.
N one of those enumerated can be regarded aJS' fit for domestic
or 'a ny other use except street sprinkling and putting out fires.
In classification of Lo,w a waters there is no need of mentioning
magnesium, as that radicle bears a regular relation to calcium; ,
t.he Iowa water usually contains abollt one'-qua,r ter to one-half
as much magnesium :as calcium, and magnesium never has been
found to exceed calcium.
Analyses 01 sodic-calcic muriated-sulphated alkaline-saline wat'ers in Iowa.
(Parts per mfllion.)
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aSum of the constituents minus one·balf of the bicarbonate radicle.

MJ:NERAL WATERS

273

SODIC-CALCIC SULPHATEDAL~INE-SALINE WATERS.

The waters classed as sodie-calcic sulphated alk1aline-saline
are those .o[ the common heavily mineralized type, containing
the normal amount of bicarbonates found in nearly all Iowa
waters, high percentages of calcium, sodium, and sulphates,
and only small amounts of chlorine, usually less than 100 par,t s
per million. Such waters a,r e less objectionable for industrial ·
purposes than plain calcic sulphated waters containing the same
a.mount of total solids. In fact they are equivalent to calcic
sulph3Jted waters softened with sodium carbonate to the extent
to which sodium replaces calcium. The sodium in them, if low,
is comparatively harmless in industrial operations, since. it
doeSi not consume soap or cause scale; but if the 'a mount of it
exceeds 200 parts per million it causes foaming in boilers.
Very many waters of Iowa belong to this class. The following table contains 15 good examples and they could be multiplied almost indefinitely. The more heavily mineralized waters
have been selected in lOTder to make the quantity and relative
preponderance of the sodium, calcium, and Isulphate radicles
clear at a glance. Representatives of this class are all the deep
W1e'lls 3Jt Grinnell and the numerous farm wells 250 to 450 feet
deep near that city, which <apparently get most of their water
from the layer of clay and gravel just above the limestone at
. about 200 feet. Most of the wells in Webster, Tama, Benton,
and P.olk counties belong to this class.
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Analyses of sodic-calcic sulphated alkaline-saline 'UXlters in Iowa.
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aSum of the radicles minus one·half the bicarbonate radicle.

CALCIC SULPHATED ALI{ALINE-SALINE WATERS.

The waters of this class are not numerous" fewer than 25
having been found during this Istudy; they contain farge
amounts of calcium -a nd sulphates- and less than 100 parts of
either sodium or chlo'r ides. With one or two exceptions they
come from ~hallow wells, usually in the drift. They contain in
largest proportion the substances that cause hardness, and they
are the mOist difficult and expensive waters to soften. In pr,oportion to their mineral content they produce the largest
amount of boiler scale, ,of the type most difficult to remove.
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They are, the:r>e.fore, the least desirable waters for domestic
and economic uses in general, considered from the standpoint
of their mineral content only.
The following table includes nearly all the very g,ood examples of this clIllS'S of waters.
Analyses at calcic sulphated alkaline-saline waters in Iowa.
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the constituents minus one-balf of tbe bicarbonate radicle .

CALOIO CAR-BONATED ALKALINE WATERS.

Nearly all the best waters of the state belong to the calcic
ca.rbonated ,alka.line class. The amount of bicarbonate does not
vary greatly; with a few exoe.ptions, as at Mallls.on, it is not less
than 200 parts and in few places does it exceed 450 parts, if
some old anaJyses are discredited, because the chemist appar. eutly has 'a.s,sumed thel presence of enough carbonic acid to com-
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bine With the bases. In a few waters, as at Davenport,. Logan,
and Williamsburg, there is not enough calcium and magnesium
to combine with the bicarbonates, but in most of the waters that
is not the condition. The amount of bicarbonates in waters of
this class is about the same as that in more strongly mineralized
waters; therefore, the waters high in mi:peI'laI content may be
reg~rded as waters of this class plus sulphates and 'moir e calcium or plus sulphates and chlorine and more calcium, magnesium, and sodium, till the most highly mineralized and mOisli;
complex waters la re formed. Waters of this class are the better
the more nearly they approach · the ideal type, in which their
hardness is · almost entirely temporary. They lose 't heir bicarbonates when boHed and to 'a great extent when expo's ed to the
air. They do not givle the hard 'scale formed by the calcium sulphated waters.
In the examples given total solids seldom exceed 400 parts.
Sodium is less than 20 parts. The sulphate and chlorine radicles are low and are practically insignificant. Examples could
be gre,a tlymultiplied without ,including waters ruaving more
than 50 parts of anyone of these three radicles. Waters of this
charader are mOis t numerous in the northeastern part of the
state, to which reference has be8i11 made 'a s the region having
the best deep-well waters. Such ;W1atel'ls are less numerous in
other parts of the state, though in some place,s they areobtained from the sands of the drift and from river bottoms.
Though wells supplying such waters may pentrate rock for short
distances" it is · probable that they derive their waters chiefly
. from drift gravel and Isand just labove the rock.
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A.naiyses of calcic carbonated alkaline waters in Iowa.
(Parts per million.)

Locality and
Owner

Na:ne of Lowest Stratum

AcJ,:leYI
Mrs. John CarrolL _---- Mississippian __ . 24 ___ 8
1722519
Boone:
City ____________ _
50 Drift __________ 27 ___ 1
1 101 84 121
Dubuque:
Chicago, Milwaukee 1,262 Dresbach or un· ____ ..__________ _ 56 33
9
& St. Paul Ry.
derlylng Camb·
rlan sandstone
Eldora:
City --------------- 200 Des Moines _____ 10 ____ I
0.2 55 24 Hi
Lake Mills:
lime· 17 ____ ---- 2.~ R7 28
Chicago & North ------ Devonian
5
stone.
Western Ry.
Manchester:
Spring. U. S. Fish ------ .. ---- ---- --------- 10 ____ ---- I
50 20
6
Hatchery.
Mason City: 3__________
9 ____
City No.
651 Galena and
6
1.3 81 34 141
Platteville.
Mount Vernon:
3 ____
City ---------_... _---- '330 Niagaran ------- 21
---- 53 80 9
Morley:
4 ____
Chicago & Nortll
214 ------ do. ------ ------- 72 25 6
Western Ry.
Northwood:
lime· 18 ____ .3 0.5 74 24
87 Devonian
8
City --------------stone ,
Stanwood:
2 __ ,_
8
11
Chicago & North
116 --------------- ------ n 26
Western Ry.
Sabula:
6 ____
City
14
---- 54 32
...
.. 973 Oneota -------- 3
Tipton:
15 ____
82 26 121
City ---- .. - .. -------- 2,696 Cambrian or AI·
---- I
gonkian sand·
stone.
,
West Union:
8 ___ J ___
70 __________________
City ---------------75 24
11
---aSum of the constituents minus one·half of the bicarbonate radicle.
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1

8 450 1

4

409

33218

7
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2

259

3 300 0
406 8

1.5 852

1 20711

4

20G

5 (2311

5

377

298 7

14
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34610

2

292

318 1.5 8

293

3t8 3

0

806

i

~---

846

--------- -

]

337 21

0

298

378 4,

2

332

348 9

10

BOG

SODIC-CALCIO OARBONATED ALKALINE WATERS. ,

The waters of the sodie-calcic ca,rbona-ted alkaline class are
not numerous, and the fol1olw ing table contains nearly all Whose
analyses have been procured. Th()Jse selected have not enough
sulphates: and chlorine to combine with the sodium land potassium.

278

UNDERGROUND WATER RESOURCES OF IOWA

Analyses of sodic-calcic carbonated alkaline watens

~n

Iowa_

(Parts per m1lllon _)

M
;";'
Locality

Name of
Lowest
Stratum

Owner

80
::s~
c<
-+
8"
'::0

~.;

§

os

Locality

180 ________________ _
91 Drift _________ _
344 Mississippian __
300 Des Moines ___ _

8
::s
c

~

os.,

F:-

~:g

...0

c.,

~
iii
Brooklyn _______ Oity _______ _____________ _
Ellsworth ______ W _ H . Brinton________ _
Holland ________ L . Beenken ____________ _
Grand Junction_ Ohicago & North Western Ry. 00.
Shannon _______ _ Ohicago Great Western
Ry.Satre
00.______________ _
Stanhope _______ Ole
Sumner _________ Oity ___________________ _
Williamsburg _______ do. ___ _____________ _
Do. _________ Hughes' well ___________ _
Washington ____ Olty ___________________ _

3-

.,"

0"

'8

t:l

H

"
::(

13 ________

0.6

15 ________

.4

14 ______

9

6

0.&
1

2

1 ______________ _

3S ________________ _____________________________ _

328 Oarboniferous_
21 _______
3
0.2
1.740St. Lawrence___
8 _______
1
1
9L_______________ _______ _______ ________
1
195 __ ____ ___________
10 ______________ _
23~----------------

Owner

.

g

8
::s

Z
.,

8

3

:ao

1

f!'"o

I Il.
-----7------+--;---:--.~--:-- - - - - -rn

ntty ____________ _

Brooklyn
Ellsworth ______ _ W. H. Brlnton __
Holland ______ _ L . Beenken _____ _
Grand Junctlon_ Ohlcago & North
Western Ry.
00.
Shannon _______ _ Ohlcago G rea t
Western Ry.Oo.
Stanhope ______ _ Ole Satre _______ _
Oity ____________ _
Sumner
do. _______ _
Williamsburg __ _
Hughes' well __ _
Do.
Washington ___ _ Oity ___________ _

432

87

26

502

o
o

2
0 .4

457

2
6

161

3S8

154

9

551

99

473

54
8

""

563

47
59
56
70

18
2S
33
26

120
46 1
97
67

18

15

106

39
20
19
15
13

43

57
47
33

631

106

97
194

"
4

9

«0

353
536
473
558

2

o

54

6
2

25

509
877
460
430

334

459
407

598
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OHAPTER VIII.
UNDERGROUND WATERS OF THE NORTHEAST
DISTRIOT:
INTRODUCTION

. ,

BY W. H. NORTON.

The no-rtheast district of .Iowa comprises the eleven counties
of Allamakee, Bremer, Black Hawk, Buchanan, Ohickasaw, Olayton, Delaware, Dubuque, Fayette, Howard, and Winneshiek.
In no other part of Iowa are geologic structure and artesian
conditions better known than her,e, and in none are artesian
forecasts more sure and favorable. In the extreme northeastern
part of the district the Jordan, New Richmond, and Saint Peter
sandstones outcrop at the surfa0e~ ·a nd the Dresbach sandstone
lteS' near the surface in the deepes,t valleys. Thus the deepest
water-bearing beds come to or near the surface, and nowhere do
they lie so deep as tOI be beyond easy reach of the drilL Artesian wells can be sunk so cheaply that they can be afforded as
public supplies by all except the smaller towns and villages.
The water Isupply is abundant and suffices for any but the largest cities, and it rankJs in quality among the finest drinking
Wlaters of the, United States.
The strata incline gently toward 't he southwest, their maximum descent being at right angles to their strike. Thus from
Lansing to Sumner (56 miles) the .s ummit of the Jordan declines
1,018 feet, or 18 feet to ,t he mile. T,o the west and to the south
across ·the area the decline is less. Thus from McGregor to
Oharles Oity (75 miles) the summit of the Jordan falls 833
feet, or 11.1 feet to the mile; from Postville to Oharles Oity (55
mUes) the St: Peter falls 532 feet, or 9.1 feet to the mile. (~ee
'Counti es In each district' arranged alphabetically.
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PI. V.) Along the sOIuthern edge of the ,a rea from Dubuque
to Waterloo (84 miles) the dip is more gentle, the Jordan falling 5.8 feet per mile and the Saint Peoor 5.5 feet to the mile.
(See PI. VI.) The descent is most rapid in the eastern part of
the district, the Jordan dipping 10.4 feet to the mile from Dubuque to Manchester, and but two feet to the mile from Manchester ,t OI Waterloo. A similar descent occur,s: from Sumner to
Waverly. Probably both Waterloo ,a nd Waverly lie on or near
a low upwarp which interrupts in part the normal southwesterly dip. If this is the CaJse, the upwarp either d~es out toward
the north, since ~t Charles City the sag of the strata ~Si marked,
or its axis is directed to' one sideo! thad; city. From Charles
City to Waverly the Jordan sinks but 45 feet and the Saint
Peter rises slightly. Though the dir,ection is here parallel
with t4~ strike, the slight fall is in contrast with the marked
decline.of the strata both from Osage to Charles City iand from
Waverly to Waterloo. (See PI. VII.)
Except in the extreme e~st and northeast s~ctiollis, artesian
wells should not be carried below the base of the Jordan sandstone. Considerable money has been spent in useless drilling
'below the Jordan. Thus at Waverly the drill penetrated 480
feet of the dolomites and shales: lof the Saint Lawrenoe formation and at Sumner 460 feet. At Manchester the well was
drifled more than 550 feet below this main water bed and, al- ,
though the Dresbach was here reached, it was found dry as far,
as penetrated. The Oelwein city well 'seemS! to have been
stopped before it reached the Jordan and might advantageo~sly
have been drilled deeper.
In the valley towns of Allamakee and Tho,:r:thern Clayton counties the Dres.bach and underlying 8'andstones are easily accessible and will yield an abundant supply of water. In Dubuque
county, along Mississippi river, the Dresbach and underlying
sandstones are most valuable water-bearing beds. ,At Dubuque
.some of the deepest wells not only tap the Dresbach but, pass ·
ing through subjacent shaly beds, dl1aw large quantities of
WiMer ' from ' a still deeper Cambrian sands.tone.
On the uplands of the eastern counties the smaller towns and
villages may obtain ,sufficient water fr,om the Saint Peter, as
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in the wells at Postville land Monona. Although the Wiater will
stand low in the wells, its- supply seems to be fairly ample, nO'twithstanding its escape wli€re the formation is cut by the valley
,sides.
Flowing wells may reasonably be expected for considerable
distances up the valleys whose flo O'l'IS' lie not far 'aibove the Saint
Peter, as those of Turkey and Volga rivers. (See also p. 288.)
The artesian l'Ie'sourceSi are best developed at Mason City,
McGregor, and Dubuque. Even in the most favorable artesian
sectiJons, however, the ground-water resources i3Jre oompara- tively undeveloped. (See PI. I, in pocket.) TwO' counties are'
without deep wells, and the number of the deeper sort of shallow wells is comparatively small. Development must 'come as
the population aJld townSi of this l'Iegion gmiW. The evidence
seems to be that for a long time this region will have a practically unlimited source of supply of good water for any probable populat~on. Not the least of its good fQritune lies in the
fact that all ground waters seem to be about equally good from
the point of view of mineraJ. content. The problem of casing is
reduced to its simpleSlt terms, for it is only necessary to put
dlOlwn casings to splid rock to and through caving shales. There
are no deleterious waters to case out, and as the upper waters
are comparatively soft the matter of the rusting out of ooSlings
is not to be so much feared as it is in other sect~ons of the state.
ALLAMAKEE COUNTY
BY W. H. NORTON.

TOPOGRAPHY.

Allamakee, the northeasternp!ost cOlu nty of Iowa, Ites almost
wholly in the driftless aJI'ea. The region is a ~eeply and i~tri
cately dissected upland, attaining an elevatio:Q. of 1,300 . feet
above sea level, and rising about 700 feet above Mississippi
river, which forms the eastern boundary
,
.of the county. The
Valleys of the streams are flat-floored and wide. The Mis:sissippi flood plruin attains a width of four miles ,and ~mbraces a
maze of sandy islands mld braided bayous. , The floo!,,of the
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valley of the meandering Upper Iowa riv,e r has a general width
of three-quarters of a mile, widening . in its lower cour,se to a
mile and more. The valley of Yellow river is narrower but
Ciornforms ,to the slame gene~al type. The tributary creeks have
well-opened mature preglacial valleys, and the courses of even
their wet-weather affiuernts are graded.,
The topographic age of the region i,s best read in the semicircular coves carved by the ancient stream on both sides of the
vaHey of Upper Iowa river. These deep amphitheaters are
guarded llit their entrances by lofty isolated buttes, remnants of
the rock spurs cut by the stream as it entrenched its curving
course. No such coves and buttes are seen along the bluffs of
the Mississippi, though the ,succession of stra,t a is equally favorable to cliff recession and plam.ation, the vast volume of water of
the latter stream in Pleistocene times having cut back any salients of the valley sides and left a wall of rock ,s ingularly continuous and even and sweeping in its curves.
The interstream areas consist of parallel east-west ridges or
uplands, whose summits, where broadest, are cut by shallow
valleys into a gently rolling topography. Their dis,s,ected flanks
consist of lobate ridges of sinuous crest whose steep sides are
gllished by deep ravines.
The ,s ummits of the divides rise to a common level. If the
Valleys could be filled with the materiaJ that has be,en :swept
3:way by running water they would constitute a plain whose
origin may be ascribed to long subaerial erosion near the level
of the sea. An additional proof of the fo'r mer existence of this
ancient peneplain, of which the summits of the divides are the '
remnants, is found in th~ valuable limonite and hematite deposits of Iron Hill on the crest of Waukon Ridge. Such
deposits are common on peneplains where the rocks have long
been wasted by slow decay.
Some evidence of a second and lowe,r erosion plain is seen in
the accordant level of the long lateral spurs that seperatJe the valleys of the creeks tributary to Upper Iowa river. The C!'l6<sts of
these spurs, which are capped by the Saint Peter sandstone, fall
into a common plane about 1,100 feet above sea level, and thus
lie distinctly below the level of the upland. Measured by the
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distance between the esc:aTpments of the Galena and Platteville
limestones of the upland, the width of the ~alley floor of the
Upper Iowa, developed 1,100 feet abov'e sea level, was about 10
miles. , . In. age ' the planation .of this valley floor wlould see~ to
corre~pond ! with that of the similar peneplain of the second
generation developed lilt Dubuque on th~ weak M.a quoketa shale.
In ea,ch .. place, however, another e~pla,nation may be found in
cnff recession ' under w~afhering.. ' In .Allamakee county the
Galena-Platteville escarpment may be suppose9, to have l'Ietreated because 'of the weak Saint Peter sandstone on which it
rests and which c~p? the ridges. defining the 1,100-foot level;
and in Dubuque. county the Niagaran escarpment may be 'held
to· have receded in a ,similar IIiamner because of the undermining
of the immediately subjacent Maquoketa shale.
.

GEOLOGY.

The rocks underlying Allaniakee county dip slightly toward
the southwest. (See PI: V.) They 'a re also bent in one or more
compar,atively ' narrow low northwest-southeast folds. As a result of the southwestward dip the oldest rocms are exposed in
the northeastern part of the county along the base of the bluffs
bounding the deepest valleys, and the youngest rocks along the
crests of the divides in' the ,s outhwestern parts of the county.
The· main valleys have been cut conside~ably deeper than
their 'present floors and are built up with alluvium, probably
Pleistocene in age. ' 'Thus the wells at New .Albin strike rock
only lilt from 130 to 140 feet f110m the surface, or more than 100
feet below ,t he pres.e nt river levels . . Moreover, old terraces,
remnants of ancient flood plains, ·s tanding as high :as 60 feet
abov~ the rivers, mark thEf height at which the streams of the
region ran when they 0eased aggrlildlng their rock-cut valleys
arid 'b egan the task of degradation.
The highest beds of the cOilmty (Ordovician) are limestoneis
and shales belonging to the Galena, Decorah, and Platteville
formations.. The GaJena 'is composed chiefly of lhnestones
which may be dolomitized in whole or part. The combined
thickness of the three formations varies within Wide limits:. On
Waterloo Ridge it does not appear to exceed 100 feet; at Postville (PI. V) it was found to be 364 feet thick in the city well;
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at Waukon
the city
deep well found the base of It he Platteville
.
.
195 feet below the surface.
Beneath the Platteville limestone is the Saint Peter sandstone, white and incoherent, lo r locally :s tained and hardened by
exposure at the surface, its grains un0emented, rounded, and
fairly uniform in size in any 's tratum and locality. Its thickness is reported. as ·a bout 80 feet., It contains practically no
interstiti:al filling, and water' :seeps as freely through it as
through a bed of incoherent sand.
Underlying the Saint Peter :sandstone iis a thick body of dolo- .
mites, known as the Prairie du Chi:eJn ~tage, which forms the
basal part of the Ordovician. Crowning with white castellated
cliffs many a bold bluff along the river courses the Prairie du
Chien ,s tage forms' .the most cons.picuous terrane within the
county. Toward the Isummit ,of thEli stage sandy beds, known as
the New Richmond sandstone, divide this body of dolomite into
an upper formation called the Shakopee dolomite and a lower
formation knoiWll as the Oneota dolo:rrute. The Shakopee, and
to a less extent the Oneota also, includes much silica in sandy
layers, disseminated grains, and masses of chert.
Transition beds of limy sandstone and sandy limestone connect the Prairie du Chien with ilie underlying Jordan sandstone (,Cambrian), whose thickne-s's is nearly 150 feet. rrhe J ordan is compOised of well-rounded grains of pure quartz sand and
in mOist places is soft and friable. Some lruyers, however, are
well cemented. WheI'le exposed to the weather the Jordan is
gray or yellow, although its normal color, as! seen in well drillings, is white.
The Jordan sandstone resembles ,t he Saint Peter in compolsition, but because of its greater depth beneath the surface it is
less thoroughly drained; because of its greater and more uniform thickness its supply is more 'abundant.
The Jordan sandstone rests on a formation compolsed of
sandy dolomites, limy .sandstones, and sandy and limy .shalesthe Saint Lawrence. These rocks are exposed in the cliffs bordering the MissIssippi and its tributaries and are so argillaceous that they are generally · dry. They form an impervious
floor for the 'waters 'of the Jordan, and, where they li..e deepest,
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prevent the ris·e and escape, under hydrosta;tic pressure, of the
waters of the underlying D1'I8sbach and earlier Oambrian' sandstones.
The relaJtions of the Saint Lawrence and the underlying Cambrian terranes are not clearly made out from the evide'noEli at
hand. In the cliffs at Lansing the Saint Lawrence, as described
by Calvin,' outcrops 96 feet above the levlElil of the Mississippi
river with a thickness of 44 feet. Beneath it lie gray, yellow,
and brown frialble sandstones measuring 56 feet, containing
greenish layers and near the top argillaceous beds. The underlying -str:a;tJa to the river level, a d~stance of 40 feet, are concealed from view. The deep well at Lansing continues the section, beginning at 640 feet above sea level, 18 feet above mean
water level in the river. Unfortunately the only data obtainable from the well are a tube of drillings which give the succession and the lithologic char.acteristics of the beds, but' nothing i3;S a basis of infel'lence as to the thickness of the straJta except the relative space which they occupy in the tube. E ,stimating the thickness of the terranes in this way we have the
following succession of beds pierced by the drill:
Record of deep weH at Lansing.

Thickness
Feet.
Surface clay ............................................
37
Shales................... ................................
70
White sandstone .........................................
125
Shales with a thin intercalated bed of sandstone. . . . . . . . . . .
135
Sandstone resting on hard crystalline rock ............ .. ..
381

Near New Albin, which is located :about 10 miles north of
Lansing, Calvin observed at the bals:e 0'£ the bluffs a blue calcareous .shale. From the New Albin wells we have a single log
uncorroborated by drillings. The well section here begins at
650 feet above sea level, 10 feet above the top of. the Lansing
boring, and is as follows:
Record of deep weH at New Albin.

Thickness.
Feet.
130
Sand and gravel (alluvium of Mississippi) ............... .
150
Soapstone .......... " ................................... .
190
Sandstone ......................••....•................ ,.
'Ann. Rept. I.owa Geol. Survey. vol. 4. pp. 57-59.

•
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New Albin and Lansing H:re nearly aligned with the strike ,of
the strata. At New Albin the base of the Oneona dolomite Is
placed by Calvin at 320 feet above the tracks of the Chicago,
Milwaukee,' & St. Paul r,a ilway (966 feet above sea level) and at
Lansing at 300 feet above the river (918 feet above' sea level),
giving a southward dip of about five feet to the mile. ' Correlating the two seetions it w.ould seem possible that the s·hale at ,t he
bals,e of the bluffs 'at New ' Albin is the same as the first shale
in the Lansing ' well. The first sandstone of the Lansing well
is then 'c ut out by the ancient channel of the Mississippi at New
Albin, and the first shale (soapstone) of the New Albin log is
identical with the second shale at Lansing, with which it also
agrees in color and estimated thickness. The base of this ,shale
at New Albin is about 100 feet higher .than a,t Lansing, acco,r ding to the estimates. The known southward dip of the strata
accounts for half of this amount and the remalinder ~s: perhaps
included in the margin of error in estimates of .the thickness of
the beds· resting on the exceedingly precarious foundations, already mentioned.
. '
The thickness of 44 feet assigned by Calvin
the Saint Law- '
reno8t at Lansing is far less than that of the dolomites and ~
shales intervening between the .T ordan sandstone and the first
sandstone beneath it, as shown in deep-well sections. Even if all
of the 40 f,e'e t of conceaJed strata above the Saint Lawrence in
the Lansing bluffs belong to that terrane, it lsttill compasses no,t
more than one~third of the thickness common in deep-well sections.
On the whole it seems very possibl'8 ,t hat the equivalent of the
Saint Lawrence of th~ deep-well sections includes at Lansing
all the Is:trata between the St. Lawren08t of Calvin and the level
of the river and also the first shale disclo,s ed in the deep wells.
Its ,t otal thickness might then reach 230 feet, but this would
not be more than that of the formation at Ma.nchester and Anamosa, and but 30 feet more than that given in an imperfect
record at Dubuque. The shale at the foo·1; of the bluffs at New
Albin would then .be 3!s's igned to the same terrane.
Under this interpretation of the Saint .Lawrence the white
sandston8t first to be found in the' Lansing well is the probable

to
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equiv,a lent of. the Dresbach sandstone of Minnesota, and the
underlying shale and sandstone are. undifferentiated Cambrian.
On the other hand, if Calvin's limitation of the Saint Lawrence
be correct, the Dresbach outcrops beneath it from Lansing to
New.Albin.
UNDERGROUND WATER.
SOURCE.

On account of the intimate dissection of the upland, the
water-bearing rocks are cut by valleys and ravines and. their
waters find easy terminal escape. Ground water stands low,
wells al'le deep, and the windmill is a conspicuous feature of the.
farms.
The Galena dolomite and Platteville limestone have for long
ages been subject to the solvent action of ground water. ,Numerous sink holesl pit the surface and lead to well-defined subterranean waterways, which have been opened by solution
along joint and bedding planes. Unfortunately, neither the
depth nor the position of these watercourses can be predicted.
The beds of impervious shale in the PlattevilLe arrest the downward progress of the water, which issues as springs where the
valley sides intersect the surface of the, ,s hale and which forms
the chief supply of wells sunk to it.
'
Wherever the drill goes deep enough to strike the Saint
Pener sandstone water is found, except at or near the edges of
the bluffs where the fo,r mation outcrops. The he,a d of the water
is low owing to its easy terminal escape, but the supply is plentiful.
The Prairie du Chien stage, with its crevioed dolomites and
·included sandy beds:, forms a capacious reservoir for underground water ,a nd greatly . augments the supply of most wells
penetrating it.
The Jordan sandstone contains abundant wane1r, whilCh is ·
prevented from escape by the impervious floor formed by the
Saint Lawrence formation.
The Cambrian ,s andstones underlying the Saint Lawrence
formation hold vast quantities of ground water. The ·D resbach (thus designating the first sandstoneoi-the Lansingwell)
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holds water of the same quality and head as that of the sandstone bene3Jth it, but of less, co,p ious flow. The lower lsandstone,
from which the Dresbach is parted by heavy shales, supplies
the New Albin wells.
UNDERGROUND-WATER PROVINCES.

Mississippi Valley.-The Mississippi valley may be . considered a Ispecial underground-water province. The unusual width
of the flood plain ,a nd the materials of which it is composed
have alre,a dy been mentioned. The area is used chiefly for
pasture and the few wells needed find water within a score of
feet from ,t he surface.
Upper Iowa ValZew.-The Upper Iowa valley is a wide and
fertile lowland, well waJtered by springs issuing from the hillsides. Nevertheless, flow~ng water is obtainable so easily and
in such large quantity that within the last decade several artesian wells have been sunk through varying depths of alluvium
to It he underlying Cambrillin sandstones. At New Albin, at the
mouth of the v,alley, the alluvial filling is repotrued to be 134
feet thick, and eight miles up the vaney it is still 100 feet thick.
Wells near the bluffs find rock at less depth. The rock first
struck is blue or green, dry, shaly or dolomite sandstone. Its
thickness ranges from 110 to 190 feet. Beneath this blue or
greenish rock lies what is described 3JSI a white" sand rock" in
whose more porous layers abundant water is found under strong
artesian pressure. The depth to which this sandstone has been
penetrated ranges from 30 to nearly 300 £eet. The head of
water in wens 5 to 10 miles up the valley is about 690 feet
-above sea level, the water rising about 10 feet above the curb.
Still farther up the v,a[ley, in Union CLty-townsbip, the water
in a well owned by J. H. Beardmore heads 15 fleet above the
curb, discharging from a 5%,-inch casing at a rate of 100 gallons per' minute. These wells are all cased tOt solid rQtck, a distance commonly' of more than 100 feet. .The l3Jbundance of p-q.I"e
water obtained and the saving of labor and cost of pumr:ng
make these wells comparatively inexpensive, wells of 300 feet
,deep' hav~g 'been sunk at a cost, including ,casing, of $22,5. A
list of these wells is appended.
'
. ".
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in the Upper Iowa (Oneota) VaHey, AJlamakee Oounty.
~

0.
p,
::s

Owner

0

J. H. Beardmore ___________ _
Otto Bateen ____ --_________ _
J.. T.
-- ---------J.
L. Bullman
Dirth _______________
•__
Thomas Rekurn ______" ______ _
E. J. Sadler_______________ _
M. Sadler ___________________ _
~'. 100 N .• R. 5
W. (Union Olty)
Ed. Bellows _____ SE. ~ sec.
86.

B. Hartley _____ __ NE.

~

c.>

.,c.>
0

0
I'>

::s

'".,.,

.....'"

E

.,8

,d

,d

~

::s

~

....0

is

I'>

0.
P,

~

i5.
.,

~

~

.,

."

.
.,

Locality

...'"

.!oS

....p,

.,

~

0

rn

~4.

James Kibby _____ SW.

cd

tQ

Inches

850

\4,

850

4 _________ . _. __________________ _

480

260
2liO

_______ •• ______

Feet
15 Oased to 98 feet.
Yields 100 gal·
Ions per minute.
• ________________ _

4 _____ ________________ • ___________
4 _____ • _________ • _____ ••• ___ _
4 ______________________________ __
4 _________________________________ _

490 ______________________ • _________________ _
4 ______ _

sec.

800

sec.

40 ___ do. ___ _
490
4
60
618 ___________________________ • _____________ _

145

Sandstone

b4.

J. Hartley _. _____ -

Remark.

>-

Feet
252

400

Feet
5S _____
..;.. .. Feet
160

.

...::s

.,

~

sec.

~

sec.

~

sec.

8 Ourb 20 feet above
river. Oased to
112 feet . Yields
20 gallons per
minute.
4 Cased to 80 feet.

85.

T. 100 N .. R. 4
W. (1m. a)

Nicholas Colch ___ SW.
28.

George lIlyers ____ SW.

20.

524 ________________________ • _____________ _
330 ______________________ . _______________ .

!5.

550

800 _________ ___
2,
80
4
1'1 _______________________________ _

n.

450

6 _________________________________ _

P. S. Pierce -----.ISE. i sec.
J. H. Riser ----.ISW. ~ sec.

Frank Weymiller _ SW. i sec.
10.
Louis Weymiller _ NW. i sec.
10.

840

58

26 Sandstone

9 Curb 28 feet aboTe
river. Oased to
20 feet. Yields
15 gallons per
minute.

Minor Valleys.-The floors of the valleys of Clear, Village,
and P,a int creeks, and of Yellow river are narrower' than the
valley floor of the Upper Iowa, and the bordering terraces ·are
relatively wider. These high remnrunts of ancient flood plains
are natur:ally rather dry, llJSI ground water l'1e'a dily escapes along
their scarps. The streams are spring fed and permanent, and
the springs issuing along the valley sides greatly lessen the
need for.. wells. In Clear ~!~e~ anq Vil~a~e creek valleys artesian . wells furnish water for mills. .Wells sunk in the wider
bottom lands·of·Yellow river will probably obtain flowing water.
19
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From Myron to Ion the stream flo,ws successively over the
Platteville limestone, the Saint Peter sandstone, and the dolomites and sandstone of the Prairie du Chien stage, and wells
reaching the Jordan sandstone should yield a generous flow.
At present dug and driven shallow wells furnish the chief
supply.
Uplands.-On the upLand~, as on all maturely dissected '3JI'eas
,o,f high relief, permanent and abundant ground water lies at a
considerable depth below the surfao/ll. On the high ridge north
of Upper Iowa river, back of New Albin, farm wells commonly
e:meed 300 feet in depth. Below the surface yellow i<;>am. (loess)
and the underlying reddish re,slidual clays, wells enter a limestone. of the Prairie du Chien stage, pass thence into a waterbearing sandstone (the Jordan) and traversing a "blue rock
shale" (the Saint Lawrence) :find abundant water in the Dresbach sandstone. As the Jordan outcrops along the river bluff,s
its waters easily escape and have low head, hut the water of the
Dresbach is under sufficient head to bring it in some wells within
285 feet of the surface. The following log of a well on this
ridge, belonging to Henry Rink (NW. 1,4 sec. 26, T. 100 N., R.
5 W.), is probably representative:
Section of Rink well, Allamakee county.
ThIckness
Feet

I
Surface
deposIts
LImestone
(PraIrIe--------'----------------------------------------------________
du Obien) __________________________________________________ 1
Sandstone (Jornan) __________________________________________________
Sbale, blue (SaInt Lawrence) _____________________________________________
Sandstone (Dresbacb) _____________________________________________________

Depth
Feet

40 1
135
100
200
35

40
175
275
475
510

Water is found chiefly in the Dresbach; it commonly stands
225 feet below ,t he surrace.
On Waterloo Ridge in the extreme northwestern part of the
county accurate surface measurements by Calvin give the following thicknesses to the formations there present:
Thickness

01 formations

on Waterloo Ridge.

feet.
Galena dolomite, Decorah shale, and Platteville limestone ••.... 100
Saint Peter sandstone ..........................•............. 80
Prairie du Chien stage .............................•.•..•... 250
Jordan sandstone to level of mouth of Bear creek ....••.. * .... 100

UNDERGROUND WATERS OF THE NORTHEAST DISTRICT

291

Wiater may be , found in ' the Galena dolomite and in the
Platteville limestone, especially above the basal shales of the
Platteville if the drill strikes a water-bearing crevice, and III
the Saint Peter and Jordan sandstones.
On Gruber Ridge and May Prairie and on t.he ,summits of
the lobate ridges whose crests are formed of the Saint Peter
sandstone, much the same conditions prevail as north of Upper
Iowa river. Loess and residual cla.y may reach 40 feet in thickness; the Prairie du Chien stage is reported in some wells as
160 feet, and the Jordan sandstone as 100 fe et , underlain by
"'blue rock" (Saint Lawrence formati o.n).
0n the wide uplands about Waukon and Postville ' the Galena
dolomite and the Platteville limestone yield water to farm wells
75 to 125 feet deep. House wells at Waukon aI'l8t commonly sunk
about 80 feet and end in the Platteville. At Postville some
wells obtain water in glacial gravels underlying blue-black till
at a depth of 85 feet; others obtain water in the Galena dolomite or the Platteville limestone within 150 feet of the surface.
For l,air ger supplies than ordinary, and where the drill fails to
find a water channel in the limestone', wells on these uplands
must go to the Saint Peter or, in some localitiesl, to 't he Jordan.
The depth of these sandstones varies with the southward and
westward dip of the strata The Saint Peter, for example, outcrops at Radcliffe, one mile north of Waukon, at 1,122 feet
above sea level; eight miles south of Waukon it has descended
to ,the valley floor of Yellow riVle,r , 872 feet above sea level.
The well, 600 feet deep, of the county farm near Waukon,
on high ground, found some water in the Galena! dolomite or
the Platteville limestone, the water rising to 57 feet below the
surface. In the sandstones, which, according to the drillers"
were struck at 400 and 500 feet, the water fell, that from the
lower sandstone standing 240 feet below the curb.
An exceptionally reliable log of a well northeast of Postville,
in the NW. 1,4 NW. 1,4 sec. 21, T. 96 N., R. 5 W., is no doubt
typical of the deeper wells of the southwes,tJe,r n townships. The
curb is not far from 1,100 feet above sea level.

I
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Log 01 well northel:L8t 01 Postville.

Olay ___________________________________________________ [
DolomIte (Galena) ____________________________________
Limestone (Galena) ______________________________ _______
Shale (PlatevlUe) ________________________________________
Sandstone (Saint Peter) _ __
______________________________

24[
60
150
66
S1

24
74
224
\l9O

321

A ,s trong vein of water was found in the Saint Peter at 318
feet, but it rose only eight feet in the well.
SPRINGS.

No area of equal size in the state is so bountifully supplied
with springs as in Allamakee county, the principal source being at the contact of the Decorah shale with the overlying
Galena limes,tone. Where 'the Galena forms the bedrock of the
uplands, the ravines on the south side of the ridges are dry
o¥ly down to where they cut this heavy shale. Here copiQUS
springs gush out from the rock and here begin countless rivulets which flow down the hillsides to feed the cl'looks and rivers.
Where the roads follow the ravines farmhouses are commonly
10caJted along the Galena-Decorah contact in close proximity
to springs, which ,afford, without cost, pure waiJe,r for all household uses. Spring houses are built over them for dairy purposes, and the water" flowing in a brook several feet wide
through the barnyard, conveniently supplies the needs of the
stock. Where the farmhouse is at a lower level than the spring,
water can be piped through the house under pressure and used
for all domestic purposes, including refrigeration. It may a~s:o
be sufficient in quantity and head to furnish water power · to
drive a separator, churn, or other light macili.inery. Many
springs emerge at the base of ledges of Galena that outcrop
high up on the sides of narrow 'a nd deep ravines. Picturesque
as are these cascading spring.sl, they are generally too remote
from farmsteads for utilization. The August temperature of
several springs from the Galena-Decorah contact ranges from
46 to 47 F.
The Llvinggood spring, the largest in the county, flows from
the Galena-Decorah contact near Myron (NW. %, SW. % sec.
3, T. 96 N., R. 6 W.), emerging where the floor of the valley of
0

0
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Yellow river crosses the summit of the Decorah shale. On the
left bank a group of springs.at the base of a semicircular alcove,
with vertical walls of rock cut in the side of ,the bluff, unite to
form a swift-running stream a foot deep and a rod wide. Up
valley from this ,s pring Yellow river carries but little water except from the run-off at times of rain, since its channel lies
above the chief spring horizons. In August, 190~ the water
running in the river bed up the valley from the .spring was but
a very small fraction of the amount contributed by the spring.
The summer temperature of the · spring at its outflow is about
~o~

This -spring is known in the vicinity as the Rise ,of Yellow
river from the popular belief that up the valLey the water of
the river sinks from sight and here rises again to the light of
day. It is posSJible that some water of the river may be lost in
the openled joints of the limestone over which it flows in its
upper course, and any water leaking from the river bed would
no doubt form an underflow upon the _surface of the next subj,acent shale, though not necessarily in a course immediately beneath the river channel or, indeed, beneath the river valley.
But the larger part, if nOlt the entire amount of the discharge
of the lSIPring, is in· all probability drawn from the underground
water ,of the upland to the north, which here finds issue -where
the main horizon of its, seepage is first interSielCted by the valley
of the river.
Springs occur also near the brese of the Saint. Peter sandstone, but these are neither so numerous nor so large as those
from the summit of the Decorah shale. The Saint Peter lies
upon a creviced limestone, through Which its waters can seep to
lower drainage levels. Moreover, the massiveness of the sandstone, its lack of crevices, and the absence of solution channels
in this insoluble rock, make against the concentration of water
in definite underground courses issuing in strong springs.
The outcrops of the Prairie du Chien in the northern part of
the county are marked by large springs which issue near the
plane of contact with the Jordan sandstone,' as near Quandahl
and Dorchester.

.
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The sandstones underlying the Prairie du Chien supply a
large number of powerful springs where they are transected by
the valleys. They include along with their permeable water
beds other layers intermixed with clay and lime, which are far
less porous and which serve to hold ground w.ater upon their
surfaces and prevent i,t s leakage either downward under gravity or upward under hydrostatic pressure.
In the vaHeys of the Upper Iowa river and of Mill and Village creeks and 'in the valleys of their tributaries springs fro~
these sandstones are very numerous. The temperatures measured rangi8t from 45° to, 49 ° F., the higher temperatures probably
indicating the influence of the summer ISlu n and air on the surface rock waste through which some springs find issue, and on
the water of the pool of the .s pring.
.
The list of strong springs is too long for publication, but
mention may be made of those at the mouth of Paint creek, at ·
Waukon Junciion, which dis:c harge near the level of Mississippi
river from the waste-cloaked foo·t of the bluff on the north side
of the valley, along a line of about 100 feet. Typical springs
also are the M. Gordon springs, three miles southwest of New
Albin, in the Upper Iowa river valley; the Jacob Knupf spring,
in sec. 24, T. 100 N., R. 6 W.; the Dorchester creamery spring,
which ISlu pplies the creamery and five buildings of ,t he village;
the L. C. and C. C. Megordon springs, near 'E lon; and the Peter
Lang spring, on Village creek, in the NE. 1,4 sec. 7" T. 98 N., R.
3 vy., which flows a swift stream with a cross section of 2%
square feet.
CITY AND VILLAGE SUPPLIES.

La;nsing.-Two six-inch artesian weUsl, 675 and 748 feet deep,
respectively, were driUed by Swan Bros. in 1877 for the city of
Lansing (population" 1,542). The curbs are 640 and 660 feet
above sea level. The w.ater originally rose to 690 feet above Sl~a
level, and £o·r 20 years and more the pressure continued sufficient to render pumping unnecessary for the delivery of water
to the taps. Since 1897 pumps have been ins,t alled and a gravity
system from a reservoir is used to supply the upper portions
of the town. The head has lowered to 35 feet, and the discharge,
estimated at first at 700 gallonS! a minute, has: fallen to! 300 gal-
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Ions. The temperature of thEJI water is 50° F. The quality of
this water is indicated by the analysis on page 168. The water
is distributed under gravity pressure of 95 pounds through
three miles of mains to 17 hydrant.s and 150 taps.
The following record of strata in the 748-foot well is based
on drillings taken from a tube. As the original record was lost,
it was assumed that the length of the tube and the thickness of
the respectiv1e drillings were ' proportioned to the depth of the
well and the thickness of the beds.
Recora 01 strata in Lansing city wen. (a)

I

Thlckness
(esti- ) Depth
mated)

Olay, yellow; no samples __________________________________________________ _
Shale,
chocolate
colored, slightly calcareous; some coarse
Pleistocene sand_
intermixed
____________________________________________
- ______________________
Shale,
greenish
yellow,
calcareous, arenaceous, with mlnute _______________
angular grains_
of limpid
quartz
____________________________________________
Sandstone, white, yellow and buff; grains differing widely in size_______ _
Shale. light purplish and drab; arenaceous ___ _____________________________ _
Sandstone, tine, yellow ______________________________________________________ _
Shale, arenaceous, or sandstone, argillaceous; blue-drab, slightly calcareous
Shale, rea, arenaceous, with thin stratum of intercalated drab shale _______ _
Sandstone, light yellow; grains moderately l1ne, subanguJar, and rounde<L_
"Hard crystalline rock." b
.

a See discussion on PP.

285·~87.

Feet

Feet
37

37

85

72

85
125
15

107
282
247
252
322
867
748

5
70
45
381

b Dr!JJer's report.

The Doehler & Schafer well (depth, 630 feet; diameter, 5%
inches) heads 35 feet above the curb. The water flows into a
mill ra<t~, where it joins water from a creek and not only increases the water power but also prevents the water in the race
from freezing even in the coldest weather.
The A. C. Doehler well, on Village creek (depth, 750 feet),
was formerly used to furnish power for a woolen mill, but has
long flowed into the creek unutilized.
New Albin.-The village of New Albin (population, 588) has
no waterworks, but a supply for stores, hotels, and private
houses, and fire protection to the business portion of the village is furnished by eight artesian wells, ranging in depth from
470 to 550 feet. The water is reported to rise 30 feet above the
curb, (l·r 682 feet above sea level. These wells end in the undif:fjerent~ated Cambrian beneath the Dresbach and draw thence
their large Is upply of excellent water.
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The A. F. Kuhn well (depth, 500 feet; diameter, 6 inches) is
cased to 130 feet. Its curb is 650 feet above 'sea level and' its
head, by-pressure, 41 feet above curb. Water is drawn from
beds at 315 and 470 feet. It was completed in 1900 by Frank
Easton, of New Albin.
Log of Kuhn

wen, New Albin,

(Supplied by drlller.)

)
Loose sand blue
and __________________________
gravel (In ancIent channel
of MI88188I.__________________
PP I) ____________ .\
Soapstone,
• ______________
Sand rock, blue ___________ ___________________________ __ _____________________

,Thickness r
Feet
130
150 \
190

Depth
Feet
130

280

1.70

The New Albin Co-operative Creamery Company's well
(depth, 470 feet; diameter, four inchesl) IS cased to 134 feet.
Its curb is 650 feet above sea level, and its head, by pressure,
is 39 feet above curb. Water fr,om beds at 315 and 470 feet
flows about 100 gallons per minute. It was completed in 1905
by Frank Eastc)ll at a cost of $300.
The Arikson & Winnetka well has a depth of 500 feet and a
diameter of six inches to 135 feet and four inches thence to
bottom. Us curb is 650 feet above sea level and its head, by
measurement, 29 feet abolve curb. Its temperature is 51° F.
It was completed in 1902 by Frank Easton.
Other wells of approximately the same depth and of .essentially the same characteristics have been drilled rut New Albin
for J. B. Pohlman, H. Martin, F. C. Meyer, Henry' Reiser, W.
O. Bock, and H. C. Boyer. There are also a number of flowing
Wlells from the same water bed in the Upper Iowa valley west
of New Albin. (See pp. 288, 289.)
Postville.-The de~p well from which the supply iof Postville (population, 952) is drawn was drilled by Dickison BrotheI'lS in 1895. It is 83,4 incheS' in diameter and 515 feet deep
and ends in the Saint Peter sandstone. (See PI. V.) The elevation of the curb is 1,191 feet above sea level; th~ water heads
250 feet to 300 feet below the curb. Water was found at a
depth of 130 f,eet and stood at this level until the drill r~aehed
the depth of 435 feet, at which depth a seconq vein of :water
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was found. The pumping capacity is. 32 gallons per minute.
The temperature of the w,a ter is 48° F.
Strata penetrated in drilling this well are shown in the following table:
Record 01 strata in city weZZ cit Postville.
Thlckness
Quaternary
(72 feet thick; top, 1,191 feet above sea level):
Humus ' ________________________________________________
__________ _
Loess, yellow ___________________________________________________ _
Loess. asllen __ __________________________________________________________ _
Olay, yellow, sandy and pebbly, noncalcareous _______ _________________ _
Sand, yellow, sharp, and rather coarse__________________________________ _
may, dark drab, sandy and pebbly, calcareous________________________ _
Ordovlcl an: '
Galena dolomite to Platteville limestone (8645 feet thick; top, 1,119
feet 8 bove sea leveI)Limestone;
some buff and
magnesian,
some lighter color and of 1
, rapid effervescence;
cherty
______________________________________
Shale, green, calcareous,soft ________________________________________ _
Limestone, blue, earthy, magnesian; 11 samples__________________ _
Shale, soft, gray, calcareous _____________________________________ _
Limestone, light yellow and white; hard, by driller's record; earthy
to crystalline; nonmagneslan, as judged by rapidity of efferves-

I

Li~~~~oneas-Bbove,-iiiit-B-iitticjjofter;-5-samiies::::::::::::::::::::

Limestone, greenish gray, argillaceous ______________________________ 1
Limestone, light yellow-gray, crystalline to earthy; 4 samples _____ _
Saint Peter sandstone (7811 feet thick; top 754j feet above sea leveI)Sandstone; usual Saint Peter type; grains rounded and smoothed,
of limpid quartz, mostly unbroken; with much limestone yellow
and gray, rapidly effervescing; In angular sand; no trace of embedded grains In limestone fragments _________________ _
Sandstone as above, but with .less lImestone.. ______________________ _
Limestone, blue-gray, argillaceous, In part macrocrystalline; In
flaky chips, largely composed of comminuted fossils; 2 samples
Limestone and shale, gray, earthy; In chips ______________________ _
Limestone,
mottled; in flaky chips, compact, crys-_
talline to light
earthyblue-gray,
____________________________________________
mottled,
macrocrystalline to earthy, fossil-_
Limestone,
yellow·gray,
iferous; In chips; 4 samples ______________________________________
Limestone, light gray, compact, fine·grained; 4 samples ___________ _
Sandstone, calciferous; soluble Ingredients form about one-half by
weight of drlllings; some grains of sand embedded in the minute
angular chips of limestone; other fragments show limestone matrix
to be large. Limestone yellow-gray and of rapid effervescence;
loose In the drillings, and also embedded are many black opaque
grains;
ferruginous
of calcareous clay; and grainlike_
pyrite; 3 nodules
samples ________________________________________
nodules of

Depth

Feet

Feet
2

16
6
4
4

2
18
U
28
82

40

72

18
12
106

9'1
208

8S

9

m

138

8IiO
885

36

10
4111

' 4aet

1111

448
450

2

895

I!
b

41iB
4.63

7

470

17
15

487
Ii02

18

From the starting of th~ drill, the samples. were carefully
saved at such short intervals that they afford an exceptional
geologic section. If the sandstones at 4361;2 feet and at
502 feet be set aside, the remaining rocks of the section, in texture and chemical composition, are typically middle Ordovician
limestones and shales (Galena and Platteville). Both of ,the
sandstones just designated are regarded by Calvin as Saint
Peter, and he has suggested that the fifty-two feet intervening
between them represent an ancient cavern in the Saint Peter,
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now filled with shale and limestone broken down and washed
in from the overlying Galena and Platteville.'
' Water is pumped to an elevated tank and distributed under
a gravity pressure of 42 pounds to 22 hydrants and 150 taps.
The consumption is 20,000 gallons daily. . .
Postville Junction.-The Chicago, Rock Island & Pacific Rail'way Company has a track well at Postville Junction whose
depth is 361 feet, ,a nd diameter eight inches. Its curb is 1,033
feet above sea le1Vel. Aceo,r ding to the · driller 'lSI log, the well
passes through drift and Galena dolomite, Decorah shale and
Plattevillle limestone from the surface to 340 feet and the Saint
Peter sandstone from 340 feet to 361 feet.
Wau~on.-Two artesian wells thirty feet apart, drilled by
Palmer and Sanbo in 1896 and 1897, supply the city of Waukon
(population, 2,025). They are 8lj2 inches in diameter and 577
feet deep. The curb is 1,279 feet above Isea level, and the water
rises to 280 fe'e t below the curb. The depth of the wells indic,a tes that they end in the Jordan sandstone. No diminution in
yield has been observed in either well, nor has either been
overdraWn by pumping. From the last drilled well al.one the
pump lifts, if necessary, 3,000 gallons an hour. The average
cOllsumption is 21,600 gallons a day, the maximum summer
consumption reaching 28,800 gallons. W.ater is pumped to a
standpipe 102 feet high and is delivered unde;r gravity pre:'isure through 61;2 miles of mains to 65 fire hydrants and 230
taps.
A well drilled by the MisSiouri Iron Company about three
miles north of Waukon reaches a depth of 396 feet, with a
diameter of ten inches. W,a ter rises to within 137 feet of the
surface. The temperature is 52° F The cost of drilling was
$3.50 per foot. Casing extends to 250 feet. The drillers were
Walch & Bahr of La Crescent, Minnesota.
The log of the drillers is as follows:
'Am. G e ologist, vol. 17, 1896, p p . 195 -~C3.
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Drillers' log of the well ot Missouri Iron Oompany, near Waukon.
Thickness \
Feet

.
\

Depth
Feet'

Clay _________________________ ___
23
23
Sandstone (Saint Peter) _____________________________________________
27
50
Llmestoll" !;hakopee) ________________________________________________
76
126
Sandstone (New Richmond) __________________________________________
15
141
Limestone (Oneota) _________________________________________________
35
176
Gravel (Oneota) _________________________________________________________
10
186
Limestone (Oneota) ________________________________________________________
161
347
Sandstone (Jordan) ___________________________ ----------:.::--::-:::--:.::--:.:-:.::--::-:::--:.::--:.:-:::--::--:::-:!-_ _..::49::..L_ _--=:396:.:
~___________________ _________ _________________

)
Village supplies.-The following table gives data of village
supplies in Allamakee county:
Village supplies in AlZamakee county.

Vlllage

Nature of Supply

Depth to
\ Depth Water Bed

I
Harpers Ferry____ Driven wells and springs, both large and small
Dorchester _______ Springs; open, driven, and drilled wells_______

Feet

Feet

45-55

-

40

-12

12-70

to
-16
-40
to

Maud ____________ Drilled wells _____________________________________ 5(}-200
Elon. ______________ Cisterns, springs, and wells ____________________ 100-325
Ohureh _____ __ _____ Cisterns and wells________________________________ 290-350

Head
Above
and
Below
Curb

300

-150
-285

The following table gives data of typical w€l1s in Allamakee
county:
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Typical wens

01 AHamakee county.

...

Locality

Owner

I

.....,

"""... '"
I
~
....
~Q.
8
E.
., '" E.., -'"
.,.,
"''''
0 I E I 0
0

.<l

..,

0

~
0 ...

0

.<l

~

Source of
Supply

0

Ql

1'J,o

Remarks (log given
in feet)

",,,,...
"".,,,

tll

Feet InChes Feet Feet
I

Feet

40 _________________________ Clay, 40; lime rock ,

E. Cooper ______ 6 miles northeast of
Lansing.

840

County Farm___ Near Waukon

600 ______ __
80

160; sand rock, 100;
lime rock, blue, 40_
Clay, 80; blue "scale
rock," 370; sand
I rock, yellow, water
240 ~ bearing, 80; blue
I lime rock, 70; sand
I rock with water,
l 100; black clay.
15 River s8nd _ ______ River bottom; driven
well.

I

t ~ L---------

F. M. Ivorson __ 5 miles southwest of Dorchester _
1. M_ Ivorson __6 miles southwest of Dorcher.trr.

80

H ------

SO

n ------

10 River s8nd_

20 River bottom; driven
well.

Erick Gavle _____ 4 m!Jes northeast of
Sattre.
M. O. Nelson ____ 7 miles east of
Locust.
P. Oleson _______ 6! m1Jes east
of Locust-_
William Nelson __ 6~ miles southeast of Locust.

90

6

20

60 Rock _______

SO

407

6

20

S90 Sandstone a

245

6
6

8
9

365

6

10

Hans. Quanrude_ 6 miles east of
Locust.
Henry Rink ---- NW. t sec. 26.
T. 100 N., R
5 W., on
Wheat! and
Ridge.
D. O'Mally______ 8 miles south
Dorchester
Henry King ______ 6 of
mile. southeast of New
Albin.

M. F. CollinL_

s~

miles north
of Harpers

250

S88 Hill;

220 Oan be pumped dry.
210 Hill; 250 feet above
river.

Limestone _
40 Llmestone_

3<;

335 HlJI: 375 feet above
river .
285 Olay, 40; limestone,
135; sandstone, 100;
blue
shale,
200;
sandstone, 35 _ Another water vein . at
260 feet_
160 Olay, 15: limestone,
_170; sandstone, 125.
217 'I'OP of ridge, about
1 mile from edge of
bluffs. Clay, etc.,
~5:
limestone, 225:
sandstone, 80 ; blue
200;
rock
shale,
sandstone,
water
bearing, 12.
300 Rlage.

350 Sandstonc_

I
310

-------- I

542 --------

242

6

15 ------ -----------75

530

400 feet above

river.

40 ------ -----------

510 --------

Valley; about 20 feet
above river .

------------

18 ______ ___________ _

Chicago, Milwau·~o~~~f;re ____ _ 85 ____________________ Gravel _____ ____ __ Water bed gravel;
blue·
penetrated
kee & St. Paul
Ry.
black tlJl.
65 ______ - ___________ _ 115
Oreamery ____ Postville ___ _ 150
Olay, 40; dolomite,
55; limestone, 120;
I
shale, 28;
Saint
190
PlattevlJle
NW.l Sh _\}
Peter sandstone, 1.
40
and Saint 169
Dickson Bros. __ { sec. 21, ~'. \HI
244
{ and
Platteville
vein,
242 Peter.
N., R. 5W.
I weak.
Temperatnre, 48 deg . P .
Olay, 20; shell rock,
10; dolomite, 50;
150 ;
244 ~ limestone,
John Laud ______
Z76 -------- ------ a;3
I
shale, 45;
Saint
N., R.G W.
""
J
l
I Peter, 1.
Ohlef
I supply at m feet.

t

{~:: ' ~~~:J}

aAnother water bed at. QJlO f ..et.

J

l----------

r
i

t
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BLACK HAWK COUNTY

BY MELVIN F. AREY

and w.

H. NORTON.

TOPOGRAPHY.

_Black Hawk county, which lies immediately Wl8's t of and in
the same range with Buchanan county, is crossed diagonally
by Cedar river. Its. surface is made up chiefly of the valleys
of Cedar and Wapsipinicon rivers and their larger tributaries,
and the plains of Iowan drift which lie between and on either
side of these valleys. Low bluffs. rise near the ISto uth side of
West Fork of Cedar river, and also along the south side of
Beaver creek at a varying distance from the streams; they increase in height eastward and merge into the higher anq. more
precipitous bluffs of the Cedar. At Ceda.r Falls the bluffs
sweep away from the river, leaving a level area on which the
older part of the city is built. Below the mouth of Dry Run
they gradually recede from the river and lose their height and
steepness of slope. Beyond Waterloo they maintain a distinct
line between the valley ,a nd the drift plain for many miles,
though at a considerable distance from the river and with
marked diminution in altitude.
Betw€en Cedar Falls and Waterloo the Kansan drift features
are manifest in rounded hilltops crowned with 10es8, though
Jowi:tll drift appears in thin veneerings in the immediate neighborhood, and many round granitoid bowlders are seen.
-, ' Outside of the region above mentioned the Iowan drift plain
constitutes the surface of the greater part of the tOtw nships of
Cedar Falls, Orange, Cedar and Big Creek, rund the whole of
Black Hawk; Lincoln and Eagle. The last three townships are
remote from the river, and, te,x cept in the narrow, sinuous channels; of a few small streams, show scarcely a scar upon their
surface.
North and east of the Cedar the valley plain rises very grad.u ally and as a rule imperoeptibly to the general level of the
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drift plain. It is £.o,r the most part three or four miles wide,
level ·a nd sandy, and was once wood clad, but now much of it
has been deforested. Nearly every part of the valley proper-has
been traversed ,a t some time by the river and many large oxbows are still connected with it at ordinary stages of the water.
Narrow, curved bodies of water, locany mo,wn as lakes, sumo
of which, as in Cedar township, are two to three milesl long and
are connected more or less. completely, plainly indicate forme'r
channels. Depressions of every size, but all similar in shape
and trend, are remarkably Hlb undant. At the tim~ of fTeshets
the ' river not only fills the channels but also occupies much
of the intervening valley.
4- short distance from the place where the Oedar leaves the
county its valley narrows; it is also noticeably constricted at
Waterloo. In the northeastern part of the county the entire
townships of Union and Washington are in the vaUeys of the
Cedar and its tributaries:. The topogr.a phy of Union township
differs materially from that of any other. The winds seem to
have had an unimpeded sweep previous to its settlement and
to have gathered the sand into dunes of considerable height
and extent. The poplars, bur o.ak, and other trees and ,s hrubs
of similar habitat have taken possession of many of these
dunes, and all are now covered with vegetation of some kind.
The drainage of the county is ·a:ccomplished almost wholly by
the Cedar river system, though the Wapsipinicon, with its tribut.ary, Crane creek, cuts across the northeast corner.
The Cedar is formed by the union of three nearly equal
streams-the Cedar from the north and east, the Shell Rock
from the northwest and the West Fork from the west. The
Shell Rock and the West Fmk, ho\vever, unite a: mile abov,e their
junction with the Cedar. From the latter poin~ which is within
one and a half miles of the north line of the county, the Cedal'
flows for four or five miles nearly .south, then southeast to Gilbertsville, whence it again goes southward f aT four or five
. miles, finally bending to the southeast and keeping that direction till it leaves the county. ,Except for short distances below the dam ;at Cedar Falls and at Waterloo, it,s, bed is in unconsolid'a ted material. Indurated rocks outcrop in but few
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places along its banks, even the high bluffs in the neighborhood
of C€dar Falls and Waterloo being apparently made up wholly
of drift material.
From the west the Cedar receivesi' Beaver, Dry Run, Black
Hawk, Miller, Big and Rock creeks; from the east, Elk, Indian
and Spring creeks. It is noteworthy that each of these streams
, approaches the Ceda:r at nearly a right angle in marked contrast with the tributaries of the Wapsipinicon and the Iowa.
, The basin :of the Cedar is therefor1e> proportionately much wider
than that of either of the other rivers named. The headwaters
of 'Spring and Elk creeks are within two miles of W'a psipinicon
river and Crane creek, respectively; the Black Hawk takes its
rise within five or six miles of the Iowa.
GEOLOGY •

.The geologic formations of Black Hawk county are comparatively simple. Heavy deposits ;o f Kansan drift covered by a '
thin veneer <Jf Iowan drift and in places the inte:rvening Bu, chanan gravel conceal the hard rocks in the northeastern and
. southern parts of the county. Rock is exposed mainly along the
margins of the valley of the Oedar or outcrops in the banks
along the lower courses of its .tributaries.
Except in the small area in t.he southwest corner :o.f the county,
where the drift probably rests on rocks belonging to the Kinderhook stage (basal Mississippian)', and a small area ~ the eastern
, part of Fox township, where it overlies the Wapsipinicon lime. 'stone (Middle Devonian), the drift in Black Hawk county is und~rlain by tl1e Cedar Valley limestone (Middle Devonian). r;I:he
rock is everywhere limestone, though in places very shaly or
earthy. The total thickness of the Cedar Valley limestone in
the county is not less than 75 feet. The rock is for the most part
thin bedded, soft, :and much jointed rand serves as a very good
water bearer.
UNDERGROUND WATERS.
SOURCES AND DISTRIBUTION.

E:x:cept at Waterloo and Cedar Falls the water supply of
Black Hawk comity :iJs obtained from the Buchanan g~avel, the
Ced?:tr Valley and Wapsipinicon limestones, and the Kansan

304

UNDERGROUND WATER RESOURCES OF IOWA

drift. On the farms pumps are universally operated by 'Yindmills. Flowing wells are rare.
In the v,a lley of Wapsipinicon river, which is confined to the
eastern half of Lester township, the northeastern township of
the county, the alluvial deposits are everywhere underlain by
gravels" which vary somewhat ~n fineness .and in thickness .b ut
which almost everywhere afford satisfactory supplies of good
water to comparatively shallow wells. The village of Dunkerton, in sections 29 and 32, gets its water supply wholly from
driven wells ending in these gravels. Norton reports two flowing wells on the slopes of the river bottom. One, the well on
H. Flattendorf's place, flowed up to 1905, the other, on William
McGee's place, still flowls. The depth of these ' wells is not
known.
On the Iowa.n drift plain lying between the Wapsipinicon valley and Cedar river vaHey in the nqrth tier of tb~ships and in
g.eneral in &1 that part lo f the county east of the Cedar river valley a few wells end in sand or gravel beds or streaks within the
Kansan drift, but by far the greater number end a short distance
within the underlying Cedar Valley limestone. The wells range
in depth from 85 to 300 feet.
A well on Clubine 's pla.c~, 21;2 miles north of Dunkerton, on
high ground near the edge of the Wapsipinicon river bottom, is
274 fie:et .deep and ends in sand. In a well in section 21 rock was
reached at 140 feet.
N ear the Bartlett quarry in East Waterloo township, on 'the
bluffs jU!s,t back from the river bottom, where the thickness of
the limestone is unusually variable, wells are about 100 feet deep,
the depth in rock ranging from 60 to 90 feet. Water is found
just below the blue limestone.
.
On a small creek called Rock Run, 21;2 miles east and 1 y~
miLe:s north of Waterloo, two flowing wells, 109 and 87 feet deep,
aTe reported by Mr. Purington, a. pump dealer of Waterloo.
Both end in coarse gravel without reaching rock.
In the immediate neighborhood of the flowing wells northeast
of Waterloo are several springs. Probably springs and wells
have a common source in the Cedar Valley limestone.
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In Fox and Spring Creek townships, rock outcrops along the
slopes of Spring creek valley up to the prairie le~e:l in many
places, making it necessary for the farmers to drill all their
, welLs.
On the wide river bottom of the Cedar most of the wells are
driven, are about 18 feet deep, and end in the Buchanan graveL
The depth of the wells depends on the surf,ace elevation, the
water being found at about the level of the water in the river.
SOIDe wells on the river bottom must penetrate the blue limestone before obtaining an adequate supply of water.
At Westfield, in section 22, West Waterloo township, a 15i.nch well gives t~e followiing ,s,e ction:
Section of well at Westfielcl.

-------Feet
Sand ______________________________________________________________________ _
14
Gravel (Buchanan) ______________________________________________________ _
~
Clay, llgbt blue ___________________________________________________________ _
18
Broken rock _________________________________________________________________ •
7
Limestone, porous (first vein, water not abunaant) ___ ______________________ _
~
Limestone, flrm (second vein) ____________________________________________ _
30
Limestone (third vein, water abundant) _____________________________________ _

28!

Feet
Ii

14j

321
S~

4l!a

I

'18t

107

At Washburn, Cedar township, wells 30 to 35 feet deep obtain
a plentiful supply in sand. A mile and a half to the southwest
isa well 60 feet deep, 12 fie:et in r oc;k, and another 60 feet deep
near by goes 30 feet into :r:o<lk. Some wells in this vicinity are
100 feet deep. The water of these deeper welLsl ~s reported as
disagreeable to the taste .
.On Mr. Marble's place, half a mile east of the packing house
at Waterloo, the well is 44 feet deep, 30 feet being in a very bard,
compact limestone tha.t is unusual in this c01;l.nty. The wa,ter
rises' within 14 feet of the 's urface.
The city well at La Porte obtains its supply from the Buchanan
gravel, not entering rock. As La Porte is 812 feet above sea
level (Chicago, Rock Island & Pacific Railway tr~k elevation),
an artesian wen 1,400 feet or 1,500 feet deep should yield water
that will risl8i 10 to 20 feet above the surface. The Maquoketa
shale will be reached at a depth of ,a hout 300 feet, the Galena
dolomite at 550, feet, the Saint Peter sandstoIli31 at 930 feet, ann
20
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the Jordan sandstone at 1,300 feet. Such a well should' be lSlunk
to the bottqm of the J ordan, ~hich is about 1,450 feet below
the surface.
The area southwest of Cedar river is a typical Iowan drift
plain, crossed diagonally by the Ishallow valley of Black Hawk
creek. Limestone outcrops in the immediate neighborhood of
Cedar Falls, Wate-rloo, and La Porte, and in a limestone ridge
in Slection 24, Eagle township. Everywhere else the rock is
deeply buried beneath the drift materials.
Wells in this area range in depth from 60 to 250 feet. A few
derive their supply from sand or gravel beds within the drift,
but most enter the rock from 2 to 12 feet, and exceptionally
penetrate rock to a depth of 20 to 60 feet. In the southwest
half of thisl area" making due allowance for differences of surface level, the underlying rock surface is fairly uniform, but
in the northeast half it varies much more. Most of the water
is reported as good, but one well driller, whose experience is
mainly in the s:oQIthwest half~ reports considerable diversity
in its quality:
In Waterloo township, in the west half of section 22, at the
old Hummel place, 60 feet of quicksand was passed through
below 100 feet of clay. Water wa;s obtained, but the supply
did not prove permanent.
In Orange township, at the county farm (NE. % sec. 3),
where the surface elevation is 81b out 100 feet above the riwr
hOlttom, the well is 175 feet deep, 110 feet beling in clay and 65
feet in limestone, where the second vein yields water plentifully.
A well near by is 139 feet deep, 100 f.eet of which is in limestone. One mile west of the county farm, on N. Miller's place,
at about the same surface level, the well is 115 feet deep, 10
feet being :t..J. rock. All these wells yield unfailing supplies.
CITY AND VILLAGE SUPPLIES.

Cedar Falls."-The city supply of Cedar Falls (population,
5,012) is from springs in the valley of Dry Run in sec. 13, T. 89
N., R. 14 W ., a mile southeast of the postoffice.The springs
'issue from a fissure in the Cedar Valley limestone just above
the level of the bed of Dry Run ,a t thel base of bluffs about 30
' B y R. B .

Dol ~ .
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feet high, and they furnish, with ISleveraJ other sources in this
immediate vicinity, a total discharge estimated at nearly 6,000
gallons a minute. It is reported that the supply is somewhat
less during dry weather and that the water is turbid at times of
heavy rains or high river floods. The public supply is used
for domestic purposes and for steam boilers, the average daily
consumption being 350,000 gallons. More than two-thirds of
the populaton, including the Iowa State Teachers College, is
supplied with this wa,t er.
A sudden epidemic ·of typhoid fever occurred in the city in
the fall of 1911, during which mOir e than 100 pe1rsons were afflicted and nearly 20 died. It was the opinion of three independent investigators that the city water supply had becomel infected and was the cause of the epidemic. The limestone from
which the water issues is exposed in the beds of Cedar river
and of Dry Run and is covered throughout a greater part of
the city by a mantle of coarse gravel :only 5 to 15 feet thick.
Many cesspools and wells enter the limestone and thus afford
opportunity for contamination, as the rock is, broken and full
of crevices and water channels that allow free circulation of
water without filtration. It is currently reported that cracks
or sink holes in the be dof Dry Run above the springs have
been filled up at different times in an attempt to prevent the
entrance of ·s urface water. It is ev,i dent tha.t several possible
sources of contamination of this aquifer exist in the immediate
vicinity.
.
1 After careful consideration of the reports and recommendations of State and Federal experts the city officials had an ex~
perimental well sunk at the pumping station. This well passes
through 38 feet of alluvium, sand and gravel, then through 78
feet of limestone, heavy bedded for the most part, though the
lower 14 feet is shaly. At a depth of 116 feet there was encountered a copious supply of water, which rose within 11 feet of the
well mouth. A galvanized iron cylinder was inserted through
the alluvial filling well into the rock. Within thIS cylinder an
8-inch casing was inserted within 14 feet of the bottom of the
well, or to the shaly limestone which is the aquifer. By a careful test sustained for 24, 36 and 48 hour periods water was
' Th e following p a r a graphs w e r e writt e n by Pr of e ss or Ar e y In 1912 .
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pumped at the rate of 500 and 600 gallons per minute without
lowering its level except for four feet at the starting of the
pumps. At the time of high water in the spring when spring
water taken at the station was turbid, the water of the well remained clear and analysis at that time showed the water to be
free from pathogenic and chemical impurities.
As a result of this experiment, two similar wells wer·e· sunk,
No.2 at a distance of 20 feet from No.1, and No.3 at a distance of 40 feet from No.2.
The city is installing a new cross compound Corliss Prescott
pumping engine with a capacity of 2,000,000 gallons daily,
against a pressure of 90 pounds per square inch. The wells are
so connected with the main suction pipe that anyone or more
of the wells can be· u ed at anyone time.
Every precaution has been taken to provide against a possi~
bility of contaDfination of the water supply, even to the extent
of infusing the standard amount of hypochlorite of lime into
the water at all times, thus insuring the destruction of any
pathogenic bacteria that might appear, though the water never
has shown any trace of turbidity or other indications of contamination. It is believed that the problem of a safe water supply
has been successfully solved, since the possibilities of contamination which existed under the former system-a~ the spring res€rvoir, through the long wooden conduit, which ran beneath the
surface of the ground in a sandy bed, and at the supply ~en,
or cistern, at the waterworks end of the conduit-have been
eliminated. It has practically been proven· that the contamination of the spring water has taken place by one or more of these
means. Repeated and long continued tests with fluorescein have
failed to show connection of the waters of Dry Run with the
spring water.
Waterloo.-The city of Waterloo (population,' 26,693) obtains its supply from thre e deep wells, respectively 1,373 feet,
1,377 feet and 1,365 feet in depth. (See PIs ..VI, VII.) Previous
to the drilling of these wells the water supply had bsen drawn
from Cedar river and treated by mechanical filtration. In 1903
and 1904 a severe epidemic of typhoid fever was traced to the
contamination of the water supply by' sewage from a town ~it-
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uated Up the v.ailey, filtration having failed to destro~ the microorganisms of the disease. The city officials then asked the
United States Geological Survey and the Iowa GeologiC/al Survey for information as to other possible sources of supply, and
W. H. N olr ton was detailed to make an investigation. In his
r.eport' .a hypothetical geologic section at Waterloo was given,
which is reproduced her,e with a parallel column showing actual
depths at which the formations were encountered by the drill.
Hypothetical and actual geologic section at Waterloo.

!

EOtimated lEstlmatedl Actaal
Thickness Depth
Depth

Limestone and sbale '(Devonian) ____________________________ _
Limestone (Silurian) __________________________________ _
Sbale (Maquoketa) ___________________________________ _
Limestone (Galena and Platteville) _______________________ _
Sandstone (Saint Pete,) (50 to 100 1eet) __________ __________ _
Sbakopee. New Ricbmond. and Oneota ______________________ _
Sandstone (Jordan) ___ ___ _____ ________ __________ __________________ _

Feet
125
185
165
410

SO

400
100

Feet

125
260
425
885
9J5
1.815
1.415

Feet

158
265

480
815
862

1.205
(?) 1.362

The report Is tated that an experimental well, '1,400 feet deep.,
would test the capacities of the chief zones of flow, and the city
officials' were advised to oarry the experimental boring as much
farther as necessary to test the capacity of the Dre'sbach and
underlying Cambrian sandstones. The head was estimated at
between 20 and 30 feet and the discharge from a six in<?h well
at between 100 and 300gallons per minute. The Waterlop Water
Company had such confidence in the artesian r,esources available that, instead of sinking an experimental well of small diameter, an eight-inch well was put down to a depth of nearly
1,400 feet. As the capacity was found to be 290 gallons under
natural flow and 700 gallons under the pump, it was decided
to carry the drilling no de'eper to explore the Dr~sbach and
underlying sandstones, but to drill at once a second well of
about the same dimensions. The two wells together yield under
the pump, 1,550 gallons per minute.
Detailed information concerning these wells follows:
'\Vell No. 1 has a depth of 1,373 feet and a diameter of 20
incheSi at top, 8 inches at bottom; casing, 35 fe.e't of 20 inch, 106
feet io,f 15 inch, 284 feet of 9 inch, and 122 feet of 7 inch, making
' Co ntributions to th e hydrology of th e e astern Unite d States : Water Supply
Paper U , S. Geol. Survey No . 145, 1905, pp . 148-155.
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a total of 547 feet from the surface. The curb is 847 feet above
sea level and the head 20 feet above curb. The well flows 290
gallons per minute; its tested capacity is 700 gallons per minute_
The water first overflowed from a depth of 840 fet, and very
slightly increased between this and next strong flow at 1,360
feet. Temperature in August, at well mouth, 56° F. The well
was completed in 1905 at a cost of about $6,000 by W. H. Gray
& Brother, of Chicago.
Recora of strata in Waterloo Water Oompany's wen No_ 1 (I'Zs. VI, VII).

I~hlCknes.:t

Depth

Peet

Feet

Quaternary
(SO feet thick;
top 847
feet above sea leve!):
Surface deposits;
no samples
_____________________________________
_
Devonian
(128 feet
thick; top 817 feet above sea level:
No samples
_________________________________________________________
_
Limestone, light brown, hard, very tine-grained; rapid effervescence,
some chips breCCiated, fragments brown, matrix yellow, facies Of
Wapsipinicon
limestone, considerable sand, and yellow limestone
from_
ahove ______________________________________________________
- _______
rough,
vesicular,
and
drab,
hard,
dense;
both
Limestone,
blue-gray,
rapid effervescence ______________________________________________________of_
Limestone, buff, porous, mottled, rapid effervescence________________ _
Ohert, gray and black, and limestone, yeJlow; rapid effervescence; some
gray sandstone of fine rounded grains at 186 feet; 2 samples _________ _
Limestone, light gray; slow effervescence; soft, with dark IIlnt and sandstone as above; residue of limestone chips, highly argillaceous, with
particles
of of
translucent
flint,
rounded grains of fine Quartz sand_
and grains
pyrite; 2 gray
samples
______________________________________
dllurlan (107 feet thick; 689 feet above sea leve!):
Niagaran dolomiteDolomite, blue-gray, hard, porous, pure, crystalline; In smaJl chips
Dolomite, as above, with shale, light blue-gray, calcareous _________ _
Dolomite,
blue-gray, from
crystalline;
shale and some fragments of_
mottled sandstone
above some
__________________________________
Dolomite, blue-gray __________________________________________________ _
Dolomite, light blue-gray, rough, siliceous, vesicular; with cavities
lined or filled with crystalline Quartz ---------------------------. Dolomite, in fine meal, light yeJlow, almost white, highly argillaceous
much cryptocrystalline
Quartz in flakes and_
some resic1ue
particlesshows
of crystalline
quartz ______________________________
rough,
cry8talllne,
siliceous,
and cherty;
Dolomite,
blue-gray,
samples ______________________________________________________
---------2
Dolomite, gray;
light yeJlow-gray,
finely saccharoldal; 2 samples _________ __
in sand ____________________________________________
Dolomite,
Dolomite, light yellow-gray, argillaceous, and siliceous; minute
grains and particles of quartz; 3 samples ___________________________ _
Ordovician:
Maquoketa shale (215 feet thick; top, 5S2 feet above sea level)Shale,
greenish
bluedolomite;
and drab;
in concreted
masses; calcareous; at_
40 5 traces
of buff
21 samples
____________________________
Dolomite,
crystalline,
buff
and
brownish
gray;
in chips and -----sand;
3 samples ______________________________________________________
shale drab concreted powder, calcareous; 2 samples _______________ _
Galena iimesto'ne to Platteville limestone (365 feet thick; top, 367
feet ahove sea level)No samples -------------------------- --------.-------------------------Limestone , light yeJlow-gray; thin flakes, earthy; rapid effervescence
Limestone, argillaceous, rapid effervescence; in white powder; 6
samples _____________________________ -----------------;---------------Limestone soft, buff, and chert, yellow; drillings chIefly chert _____ _
Limestone: light gray; rapid effervescence; argillaceous; 7 samples __
Shale, light green-gray, highly calcareous (probably Decorah shale) __
Limestone soft, brownish and gray_ --___________________________ _
Saint
Peter sa'ndstone
feet thick;
32 feet above sea level)Sandstone,
white, (47
rounded
eraIDlltop,
__________________________________
_

SO

lID

70

100

5

106

7
14

112
126

17

141

15

158

12
6

liO
176

10

188
200

U

5

205

5

210

20

10
5

230
240
245

20

265

leD

.ao

36
15

445

l~

480
495

15

610

95

605

11
149
20
30

47

m.6
76'
785
815
8e2
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• Feet

- - - 33

miles -----~

PLATE VI

....f--- -- - - - - - - - 57 miles

- - -- - - -- - --

-->-> ~16 miles ~

~'---- 29

""- -- 21 mlies -

miles

----~

11500

- 10 miles + ...- - - -- - - - 40 miles - -

- -.- - - _ .. ~-------- 45 miles - -- - - -- -....... .- - -- - -- - 41 miles:- - -- - - - - -..

Cherokee

1<00

Le Mars

Manson

--

- - - --- --- -

_.

Webster City .

Fort Dodge

iowa Falls
Pl eistoce ne

..-------~

-----

Ackley

....

Manchester

IeOO

-:,-

900

BOO

-

...

_-_ -

Waterloo

....

UndiHerenliated
Mississippian

700
600

?

.. -

Silurian

-

Dubuque

GOO

Maquoketa shale

Devonian . and
Silurian

Silurian

--

Galena I0

Platteville, inclusive

Maquoketa

snale

o ·

h!t\ond

sandstone

NeW "Ie

Galena 10 p~atte"i\le,
.
inclusNe

-'

BOO

....

---

Prairie du Chien group

---

700
BOO

--'
GEOLOGIC SECTION BETWEEN DUBUQUE AND LE MARS , lOW A
By W. H. NOiton

Oneota dolomite

--

-- --

Jordan sandstone

Shakopee
IlOO

000

---

--

- --

- - - . - - - - . . - - - - - f= ==!i -

,-'

,/

--
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Reprrrt oj strata in Waterloo Water Oompany's well NO.1-Continued
iThlCkoessi

Depth

Feet

Feet

Prairie IlI1 Clhlpn stag_
Shakopee
Ilolomlte
(168 feet thick; top, 15 feet below sea level)No sample
______________________________________________________
_
Dolomite. gray sDIl white. harll . crysta1\!ne, In chips; mucb
clear ouartz sanll. largpst grain. 0 .8 mfl11meter In dlameter __ _
DolomIte, pink, vesicular, considerable quartz sand In drlllfngs __
Dolomite,
gray;embedded
with mucb
Quartz _____________________________
sand In drlllings but no _
grains fonnll
In dolomlte
Dolomite; buff, cherty, almost free from Quartz 8and_______ _
Dolomite, gray; In chips; sparingly arenacpol1s _________________ _
Dolomite, gray; In fine cblps wltb some Quartz sand __________ _
New Rlchmonll sanifstone (30 ippt thicf<; top, 183 feet helow sea level)
Sandstone,
well
rounded grains; largest grains 1.5 mllll· _
diameter
___________________________________________
metprs in white;
and
sandstone,
gray; much__________________________
Quartz sand In fine _
Dolomite
rounifeif grains ______________________
Oneota dolomite (145 feet thick; top, 218 feet below sea leve])Dolomite, gray and blue; cbprty In places; 4 samples ________ _
In light
yellow·gray
powder; very large residue of minutf_
Marl.
of Quartz
___________________________________________
particles
Dolomite, ligbt buff; some white chert_________________________ _
Marl,
In finest
yellow·gray
meal; very large residue of minute_
particles
of chert
_________________________________________________
Dolomite, yellow·gray, bJghly cherty _____________________________ _
Cambrian:
Jordan sandstone (157 feet thick; top, 858 feet below sea level)Sanifstone, yellow·gray; grains rounded; largest 0.5 millImeter In
diameter; In
loose sand and In small chips of buff calciferous _
sandstone
_______________________________________________________
Sanc1stone, gray; largest grains about 1.5 millimeters; In loose
sand, wltb some cblps of -oft, very flnp·g. alnet! hlnlsh sandstone_
Sandstone,
gray; clean rolled grains. largest 1 millimeter In alam- _
eter _______________________________________________________________
Dolomite.
highly arenaceous; In small chips and sand of fine rolled_
grains _________________________________________________________
Dolomite, minutely arenaceous; In fine Ilght yellow-gray powder;
large residue of minute Quartz partlcles ____________________________ _
Dolomite,
yellow-gray,
minutely
arenaceous; with considerable fine..
quartz sand
In drillings
___________________________________________

11

b73

17
10

890
900

GS
17
80
20

9GS
980
1,010
1.030

16

1,046

16

1,060

86

1.125

!5
20

1,1150
1.170

15
20

1,185
1.205

15

1.220

Iii

1.2311

18

1.2M

17

1.270

10

1,280

22

1.202

Dolomite, Ught gray, crystallfne, vesicular, arenaceous; In cblps __
1,8112
60
Saint Lawrence formation (11 feet penetratedl11
1.8'18
Dolomite, yenow-gray ---------------------------"----"'
--;.--:c: .;-:c:--. "-'"'--:.-=-:.-;:",--=-.__--"=...:._ _.:::.:.:.;;

The Waterloo Water Company's well No.2 is located about
1,600 feet fDom weU No. 1. It has a depth of '1,377 feet and a
diameter of 20 inches to about 201 feet, 10% inches to 626 feet,
and 8t.4 inches to bottom; 20-inch casing to 139 feet 4 inche:s,
16-inch to 201 feet 2 inches, and 9-inch to 626 feet ihemp
packing a,t 198 feet. The curb is .rubout 847 feet above sea level
and the head, 4 feet 5 inches below the curb. The tested capacity
is 850 g,allons- per minute; temperature, 54° F. The well was
completed in 1907 by W. H. Gray.& Brother, of Chicago.
The Waterlol() Water Company's well No. 3, recently drilled,
has a depth of 1,365 feet and a diameter of 20 inches to 200
feet and of 12 inches to bottom; casing, 200 feet of 20-inch and
660 feet of 12-inch, casing off the Saint PeteT. Temperature,
54° F. The well cost $11,000. It was drilled by the Whitney
Well Company, of Chioo.go, in 1911.
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BREMER COUNTY

BY W. H.

NORTON.

TOPOGRAPHY.

Topographically Bremer county is part of the wide 1!owan
drift plain of northe!a!steTn Iowa. Cedar, Wapsipinicon, and
Shell Rock rivers crOISIS it in three wide valleys, cut 60 to 80 feet
below the adjacent prairie levels. The, broad alluvial floor of
the Cedar is in places two and even three miles wide and is incised below its ancient gravelly flood plains, but the Wapsipinicon, whose vall~y is I1f2 to two miles wide, still 'flows well up
to the level of the gbcial ,outwash of its aggraded floor.
About Waverly and near Denver small insular areas of high
lo,e's s-capped hills of Kjansan drift, separated by in trica te and
deep ravines, overlook the Iowan drift plain.
GEOLOGY.

N e'a!rly the whole of B.remer county is underlain by rocks of
the D~vonian system. Owing to Jocal deformation the Niagaran do~omite (Silurian) comes to the surface in two or three
isolated areas. An ancient wide, rock-cut valley~ now compl.e~ely filled with.drift, extends, from north to south between the
valleys of the Wapsipinicon and the Cedar, and in it the drill
discovers beneath the drift the blue Maquoketa shale (Ordovician).
J

·UNDERGROUND WATER.

SOURCES.

.

The ground-water beds of the county consist of alluvial sands
and gravels on the flood plains !of 't he rivers, sands at the base
of the loess, lens,e s of sand included within the· drift sheets, beds
of ,s and and gravel parting the Iowan and Kansan drift sheets
and separating the Kansan from the still earlier Nebraskan
drilft beneath it, sand resting on bedrock, broken 1ay,er,sl of rock
immediately underlying the drift, and indeterminate beds within the Devonian limestones.
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DlSTRmUTION.

The lateral extent of the beds just named may be briefly
stated. Alluvial sands and gravels are restricted to the valley
floors of the arger streams: As a rule they furnish plentiful
supplies for stock and house wells, except on well-drained terraces which are remnants of ancient flood plains, now left some
distance above the present stream by the downcutting of the
channel. The towns of Plainfield and Horton in the valey of
Cedar river are thus supplied. \
Loess is restricted tOI an m"e-a extending ,s:outheast from
Waverly to Denver, -a nd in the northwestern part of this- area
is limited to isolated hills and groups of hills rising from the
Iowan drift plain. In the southeastern part of the area it
forms a continuous and heavy sheet mantling a deeply eroded
upland of Kansan drift. This porous deposit -a cts as a sponge,
absorbing water during rains and discharging it somewhat
freely, both by ,evaporation -and downward percolation in dry
weather. But the supplies drawn from its bas-a! silts and sand.s '
have -not as a rule been found to be either permanent or large.
Moreover, where the loess is thickest and most extensive it rests
directly on clays of Kansan age with no intermediary gravels
to furnish a reservoir. Even here, however, seepag'e wells that
furnish sufficient water for house us.e or for small farms not
carrying much stock can be had in favorable ls ituations from
the somewhat more porous silts at the base of the loess.
The ·loess passes downward into -a yellow water-bearing sand
about the margins of the Iowan drift plain and along the bases
of the isolated hills about Waverly, but here there is no g<I'eat
extent of loess to act as' an intake area, so that the supply must
be small.
The several beds of sand and gravel alssociated with the drift
occur throughout the county and form reliable and much-used
wate-r beds. The Devonian is also nearly as extensive as the
county. Where the drift is thick drillers report that in many
localities water ]81 found in the shattered surf,ace rock broken
in part by preglacial weathering. As the Devonian limestones
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are easily soluble wen-opened waterways have been dissolved
out along joints and bedding planes and in places connected with
the surface by sinkholes. Over a considerable area, where these
limestones have ,been cut away by preglacial river erosion, wells
depend entirely on water-bearing beds in the drift.
UNDERGROUND-WATER PROVINCES.

Wapsipinicon Valley.-The valley of Wapsipinicon river
from Frederika south to the county line is a plain 1lj2 to more
than two miles wide, cut about 60 feet below the l,evel 'oi the
adjacent prairie. (See fig, 3.) The ill-drained valley floor de, scends fr,om the bru£es of the gentle slopes olf the bordering hills
by almost imperceptible degrees to the little river. From 10
to 20 feet of alluvilal sands cover the surface, b2neath which the
drill finds, from Tripoli south, a stony clay 50 to 80 feet thick,
the depoisiit of an ancient ice sheet, probably the' Kansan. Underlying these impermeable beds lie water-bearing sands and
grav els of unknown thickness" laid la pparently on the floDr of a
preglacial or interglac~al valley cut either in bedrock or in an
older drift. As this water bed rises up the valley with the
gradient and alsl() on the valley sides, where no doubt it connects
with glacial sands on the adjoining uplands, and as it is covered
by heavy clays, the water it contains is under artesian pressure
and wherever tapped gi~es rise to flowing wells. The same conditions obtain in the lowe~ part of the valley of the East Wapsipinicon.
Although farmsteads are few on these valley floors, which,
owing to their ill-drained condition, are used chiefly for pasture and grass land, and although the rivers themselves furnish
a supply for stock, yet nearly all the farmsteads in the valley
and several located some distance up the valley sides have obtained copious flows of palatable and pure artesian water.
The pioneer wells of this field were sunk more than 30 y,e'a rs
ago, and the head of a number has diminished. The static level
of some wells on the hill slopes has been so drawn down that
they have ceased to flow, but the supply is still ·ample 'on all
the bottom lands. It is usually wisely economized by discharge
l
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pipes not more than three-fourths of an inch in diameter. Some
wells fa re plugged during the portion of the day when they are
not in use.
The reported head varies considerably. The highest given is
that of the J. J. Cook well, in the SE. 1M sec. 1, T. 92 N., R. 12
W., in which the water rose to a height of 21 feet above the
curb as measuI'Ied in a pipe. This well is: ,situated at the base
of the bordering hill slopes, and the curb is several feet higher
than that of the other wells situated well out upon the v,alley
floor. Among the latter, that of Christian Baker had a: head
of 30 feet; others are said to have heads. as low as 10 fleet.
It is reported that the head of wells on the upland between
Wapsipinicon river and Buck creek has distinctly lowered, in
some wells as much as 10 feet, and this decrease hasl been attri.
buted to the flowing wells of the adiacent valley.
The midsummer temperature of the wells flowing under greatest pressure, and hence least warmed in their pipes, is about
47° F . .
Up the valley from Tripoli water rises nearly to the surfaoo
but does not overflow. Tl;1e only well near Tripoli of which a
section has been obtained' shows alluvial sand 'a nd Is tony clay to
60 feet, underlain by four feet of sand from which water rises
within five feet of the surface. Another well, 2% miles to the
north, in the NW. 1M sec. 18, T. 93 N., R. 12 W., found no blue
stony clay but passed directly from 10 feet of yellow clay into
gravel which became more and more coarse, till at 53 feet, the
bottom of the well, its pebMe's were larger than hen's eggs.
Buried chalnmel of ((Bremer River. "-A ground-water province of special interest is defined by a <te·ep preglacial buried
valley which traverses the county from northwest to southeast
through Douglas, Warren, Jefferson, and Maxfield townships
( see fig. 3.) Here numerous wells, from 200 to 273 feet deep,

.
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Figure a.-Map of artesian field of Wavslvlnlcon river ancl of burled chann el of Bremer river.
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end in drift, thus failing to reach the' rock floor of the a:p.cient
valley. The depth in rock to which the valley was cut is at ·
least 220 feet, as shown· by the elevation of outcrops 2% miles
distant. In the southern part of the county the ancient fluvial
floor lies ·at least 160 feet below the rock bed of Cedar river at
Waverly, or at an elevation less than 765 feet above sea level.
The drift is heavy on both sides of this buried valley and particularly so on the east Iside, where f,ew wells reaching rock ar~
reported. The facts at hand warrant the belief that the valley
is at least as. wide as that of the Upper Iowa in Allamakee
county, this stream being selected for comparison because it is
a preglacial Iowa valley in the driftless area. The spacing of
the deeper wells demands a width of at least 1 Y2 miles. and no
data are at hand which negative an estimate of twice that width.
,VeIls, by no means the deep~st of the area, which enter rock
encounter either the dry . shales of the Maquoketa or a thin bed
of Niagaran dolomite. Beyond doubt at least the medium
portion of the channel was cut in the Maquoketa shale, and in
this weak rock a wide valley is to be expected.
As the valley floor is made for the most part of dry shale,
wells which fail to find water in the drift are compelled to go
to an exceptionally great depth to the limestones of the middle
part of the Maquoketa or even to those ·of the Galena and Platteville. The large majority of wells in this "deep country," as
drillers term it, find water in the sand and gravel associated
with the drift.
In Douglas township the few wells reported which are refeTable ' to the channel find little or no sand so far as known, the
channel here apP3:r'e ntly being filleq with blue stony clay. Two
wells were compelled to go deep into rock for water, one in
Isection 27 to 337 feet and one in section 6 to 266 feet. Both
wells passed through the upper shale of the Maquoketa ,and
found water in limestones referred to the Middle Maquoketa,
the. shale in the first well being 87 feet thick overlain with 10
feet of Niagaran dolomite, and in the second 60 feet thick overlain with drift.
In ,a t least the northern part of Warren township no continuous and heavy bed of sand is, found in the channel, although a
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number of wens find water-bearing sands and gravels in the
drift amply sufficient for farm supply. Thus in section '5 three
wells find water-bearing sand at qepths of 236, 150 and 92 feet,
and ill I~,e-ction 4 a well entering rock at 180 feet was compelled
to go 287 feet hefore 'o btaining a supply. In section 17 a well
which enters the Niagaran at 212 feet passes through 100 feet of
shale (Upper Maquoketa) before finding water at its base at 317
feet below the surface, no gravels or sands being here reported
from the drift.
Where the channel crosses the northeast corner of Jefferson
township, wells find the stony clays of the Kansan (together
with those perhaps of the Nebraskan) more than 200 f,eet in
thickness. Here a water bed of sand and gravel is entered at
about 200 feet and in one well was penetrated to a depth of 15
feet.
In Maxfield towmhip the channel seems to reach its greatest
depth. Along its course none of the d eeper wells reach rock.
The drill here passes through from 230 to 260 feet of yellow
and blue clay before reachjng wat,e r-bearing gravels whose
depth is, quite unknown. In some of these wells water rises to
within 50 feet of the sur;fa0e'.
A little outside of the channel, in section 8 of Maxfield townRhip, two wells failed entirely to find water sands either in or
beneath the drift, which here consisted of stony clays 190 and
170 feet thick. In the first well the' drill entered limestone
(Nia.garan), three feet thick, immediately below the drift, and
thence paJ8sed through 300 fe.et of shale, the entire Maquoketa.
En~ering then the Galena limestone it was necessary before
finding water to penetrate 191 feet, making . the total depth of
the well 684 feet. In the second well on this section the drill
passed through ?85 feet of the Maquoketa shale and penetrated
the Galen~ limestone 10 fe.et, the well being unfinished at date of
writing.
The buried channel of "Bremer River" thus 18,eems- to differ
from many similar "deep countries" in the absence of thick,
~ontinuous, and hence reliable water-bearing sands. The sinking of a well in this belt is therefore as much of an experiment
us anywhere else in I'owa. The drill may strike water in one
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the scattered lenses of sand within 100 feet or may be compelled to go 200 feet la nd more to the main water-bearing sand.
Even this may fail, and the drilling, if continued, must be carried at lerus.t to the limestones of the Middle Maquoketa and
possibly even deep into the Galena. . Fortunately wells are uncommon in which water is not found in gravels within at least
270 feet of the surface.
CITY AND VILLAGE SUPPLIES.

Denver.-W,a terworks at Denver (population, 224) were built
in 1907 with supply from a well 132 feet deep. The log of the
well is as follows:
Log of city wen at Denver.
Thick-

Depth

Feet

Feet

ness

Clay, yellow ______ : ______________________________________________________ _
Clay, blue ________________________________________________________________ _
Quarry rock to water _____________________________________________________ _

18

70
28

18
88
116

Water is pumped to an elevated tank and thence dis.tributed
through 1,200 feet of mains. There are three fire hydrants.
The house supplies are still obtained from wells which differ
greatly in depth to ' rock and in depth at which water is found
in rock. The drift grav'els mayor may not furnish an adequate
supply. A buried channel, connecting with that of Bremer
River, which runs a few miles, east of the town, has largely cut
away the Devonian and Silurian limestones, and wells in places.
may pass from the drift into dry Maquoketa shale. The following wells illustrate the various, conditions:
Log of Olausing's well, one block from Main street.
Tbick-

ness

Drift ______________________________________________________ ----

Feet

'Gravel and .and _______________________________________________________ _

Il6
10

Shale, blue (Maquoketa) _____________________________________________ _

86
248

Drift ______________________________________________________ --__ _

Deptll

Feet

66
76
162
410

The Clausing well WaJS, a failure, but another well sunk on the
.
same lot secured water in gravel at 90 feet.
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Log of weH on Main street, a block from Clausing's well.
ThlCkness

------------------------------------------------------I

Clay, blue,
yellowpebbly ________________________________________________________ _

Depth

Foot 12
30

I

Feet
12
42

Log of Henry Bauman's well three blocks east of Clausing's well.

I

Thlcknees

Drift ___________________________________________________________________ _
Limestone __________________________________________________________________ _
Shale, red, soft ____________________________________ -" _____________________ _
Shale, blue ___________________________________________________________ _

Foot

Depth

Foot

120
4
8

88

120
124
182
220

This well was a failure, but, the drill being moved 16 feet
away, a successful well was secured with the following log:
. Log of second Bauman well.
ThickneSA

Foot120
40

I

I

Depth

Feet

120

160

Frederika.-Frederika (population, 149) is situated on a
rock bench covered with a veneer of alluvial sand and gravel 10
to 20 feet thick. Wells obtain water from the Devonian limestones at a depth of from 35 to 45 feet from the surface.
A hole drilled !for the Pioneer Oil Company in 1903, by L.
Wilson & Company 'of Chicago, lllinois, was carried to a depth
of 1,025 feet. The surface elevation at the hole is about 1,050
f,e et above sea level.
The strata penetrated are :shown by the following section,
based on the driller's log:
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Record of stairta in deep drm hole

at Frederika .

..

.,.,

CD

II

OJ

C

c.>

Pleistocene
Devonfan and-siJU';iaii-(ii2feeithick; top, 1,012 feet above
sea level) :
Sbale, blue
Shale, yellow-:::::::::::
Limestone, blue ___________ _
Shale, yellow _______________
OrdovicIan:
MaQuoketa shale (1615 feet
thick; top, 900 feet above
sea level)Shale, blue ____________
Limestone
Shale. rlne :::::::::::::
Galena limestone to Platte·
ville limestone (849 feet
thick; tOl>, 734 feet above
sea leve\)LImestone, brown ______
LImestone, white _____ ._
LIm'stone, dark gray ___
Limestone ------------Shale
LImestone-::::::::::::::
Shale, blue ___ • _________
Gumbo -------- --------

C

.<:

,!oj

--- -
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1>.
OJ

:a...

~

~

Feet

Feet

38

38

14
20
81
47

52
72
103
150
I

-

~

Feet

Feet

--

Ordovician-Oontinued.
Saint Peter sandstone (52
feet thick; top, 385 feet
above
sea level)Sandstone
______________
Prairie du Chien stage (808
feet tbick; top, 833 feet
above sea level)Limestone, brown (Sha·
kopee)
Sanrlstone--(New--iiicii:mond)
No record-::::::::::::
Limestone,
brown (One·
ota) ______________

235
300
316

51

387
390

23
90
97
23
25
32

8

...

1>.

:a...

I
85
65
16

.<:

,!oj
CJ

52

717

121

838

45
142

1,025

--------

88S

1,025

480

577
600
625
657
665

I

Plarinfield.-Open and driven wells supply Plainfield (population, 288), which is situated on the terraces .o f the flood plain
of Cedar river.
Readlyn.-At Readlyn (population, 227), wells drilled to a
depth of 80 to 125 feet enter rock at about 80 feet. Drillers
!'Ieport the following succession of depo,sits:
Lo(j of wells near Readlyn.
ThiCkness

I

Feet 60 ·
10
10

I

Depth
Feet

eo

70
80

Sumner.-The town of Sumner (population, 1,404) is supplied
by .an artesian well 1,770 feet deep, drilled by J. P. Miller &
Company, of Chicago, in 1902. The well is 10 inches in diamete'r to 120 feet, 8 inches to 234 feet, 6 inches to bottom; casing
to 730 feet. The curb is 1,054 feet above sea level and the head
~s 144 feet below curb. Water in the Middle Maquoketa at 260
21
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feet rose to 18 feet below curb; the temperature. of this water
was 51° F. Water was also found in the Galena at 420 to 660
feet, and in the Oneota at 1,086 feet, the lower waters heading
144 feet below curb. The well yields 200 gallons per minute
with pump cylinder 204 feet below curb.
The strata penetrated are indicated by the following section:
R ecord ot strata in Sumner city welt.
Pleistocene (128 feet thick; top, 1,054 above sea level):
Sand and gravel, yellow ___________________________ ~ _____________________________ _
Gravel, coarse; pebbles in sample up ·t o 3 inches diameter _____________ _
Till, glacial, stony clay, drab; sandy at 90 feet; 7 samples _______________ _
Devonian or Silurian (22 feet thick; top, 926 feet above sea l eve l) :
Limestone, largely drab; fine-grained, of Wapsipinicon type _________ _
Limestone, hard, light buff; of rapid effervescence; 2 samples _________ _
Limestone and shale; limestone, light buff, of rapid effervesce nce;
shale, drab; 2 samples __________________________________________________________ _
Ordovician:
Maquoketa shale (220 feet thick; top, 904 feet above sea level)Shale, blue-green, plastic, calcareous; ; samples ___ ______________________ _
"Hard rock" in driller's log aL ____________________________________ __________ __ _
Drift, sand and gra veL ________ ______ _______ ___________________________________ ___
Limestone, light blue-gray; earthy luster, mottled; of rapid effervescence in cold dilute HCI, with much cher t of same COlor;
4 samples _________________________________________________________________________ _
Limestone, soft, semi crystalline, gray; rapid effervescence; cherty;
1 sample containing crinoid stem; 3 samples _____________________________ _
Shal e, light blue-green, calcareous; 5 samples _____________________________ _
Galena limestone to Platteville limestone (344 feet thick; top, 684 above
s ea level)Limestone, blue-gray; of rapid efferv escence; 3 samples _________________ _
Shale, calcareous, drab; 2 samples _________ ... __________________________________ _
Limestone, cream colored, soft; in thin flakes _______________ ______________ _
Limestone, light and dark gray; soft, earthy luster; rapid efferve scen ce; 21 sam p I es _____________________ -___________________________ -___ -_______ _
Limestone, dark blue, highly fossiliferous; 2 samples __ _________ _____ __ __ _
Shale, bright green, plastic, slightly calcareous; 3 samples (proba bly Decorah shale) ______ ___ _____ __ ___ __ _________________________________ ------__
Limestone, mottled gray, fossiliferous; rapid effervescence; 5 samples
Shale, bright green; highly fossiliferous at no feet; fragments with
bits of characteristic fossil brachiopods, etc., occur in almost all
the drillings from below ______________ ~----------------------------------------Saint Peter sandston e (66 feet thi ck; top, 340 feet above sea leve\)Sanfstone, of clean, white, quartz sand; grains well rounded, rather
.
fil1-e; at 720 feet some limestone chippings in the drillings; 5 samples
Prairie du Chien stageShakopee dolomite (140 feet thick; t op, 274 above sea level)Dolomite, white, gray and light buff; in places cherty, crystalline;
7 samples _________________________________________________________________________ _
Dolomite, cream colored; much quartz sand in drillings ______________ _
Dolomite, pink, arenacoous; with minute rounded grains of crystalline quartz; 2 samples _______________________________________________ ------------Dolomite, light buff and pinl{ish; 3 samples _________________________ ____ ___
New Richmond sandstone (40 feet thick; top, 134 feet above sea level)Sandstone and dolomite; drilllngs chiefiy fine grains of quartz sand, .
but with chips of light gray dolom!te; 2 samples ___ _______________ ______ _
Sandstone, fine-grained, white; grains well rounded _____ ________________ _
Sandstone, white, and dolomite, gray __________ ________________ __________ __ __ _

n
50-120

128
135-140
150-160

17U-220
230
235

250-280

290-310
320-360

370-390
400-UO
4l0-f20

430-610
640-650

600-668
678 -710

nO-iii

720-770

780-850
860

870-880
890-910

920-930
040
9150
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Oneota dolomite (2(0 feet thick; top, 94 feet above sea level)Dolomite, white or light gray; in plac'e s saccharoldal, in places
with white chert; at 980 feet drillings contain considerable sand;
13 samples ________________________________________________________________________ 960-1,OSO
Sandstone, of white clean quartz, grains well rounded; modera tely fine ___________________________________________________________________________

l,Ooo

Dolomite, white and light gray and buff; siliceous residues of finely
divided quartzose matter; at 1,150 feet finely arenaceous; 8 samples __ 1,l20-1,150
Cambrian:
Jordan sandstone (120 feet thick; top, 106 feet below sea level)Sandstone, fine-grained, white; grains of clear quartz, well rounded;
2 samples ___________________________________________________________________________ 1,160-1,170
Sandstone, as above, but coarser, largest grains 1 millimeter In
d lame te r __________________________________c__ ____ __ __ __ ____ ________ __ ______ __ ______ _
I, 180
Sandstone; 3 samples ______________________________________________________________
1,210
Indecisive; at 1,236 feet highly calcareous shale, resembling MaquoI,eta; at 1,230 and 1,240 limestone, clearly Galena or Platteville and
fallen in the boring; considerable quartz sand may have fallen
from above but Is the only material In samples in which the drill
apparently could have worked; 3 samples _______________________ __________ 1, 230-1, 240
Sandstone, fine, white; Galena or Platteville limestone in the drlllings; 2 sam ples ____________________________________________________________________1, 260-1, 270
Saint Lawrence formation (460 feet penetrated; top, 226 feet below sea
level)Dolomite, highly siliceous; minute angular particles of crystalline
quartz; in places green grains of glauconite; 13 samples ______________1,2S0-1,425
Shale, reddiSh, sligh tly calcareous___________________________________________
1,430
Shale, green, slightly calcareous; 3 samples ________________________________l, 440-1, 460
Shale, g·reen, fossiliferous, practically noncalcareous; minutely
quartzose; 5 samples ______________________________________________________________1, 4SO-1, 520
Shale, bright and light green, highly arenaceous; minute grains of
q t1artz; gla ucon iferous __________________________________________________________ I, 530-1,550
Sandstone, gray, fine-grained; glauconite gralns__________________________
1,560
A few water-worn fragments of shale ____________________________________:___
1,570
Chiefly rusted chips of iron, from a fallen slush bucket, cut up by
th e d ri 11 ___ __ __ ____ ____ __ __ __ __ ____ ________ __ ______ __ ______ ____ __ ________ __ ______ ___
I, 580
Sandston e, gray, tlne- grai ned _______________________ ____________________________
1,600
Shale, dark and bright green; minutely arenaceous and glauconiferous; 20 samples _____________________________________________________________________1, 610-1, 620
Sandstone, fine-grained; some greenish argillaceous material; dried
blocks set after pouring from slush bucket are readily friable______
1,630
Shale, light green, finely arenaceous, slightly calcareous, plastic____
1,040
Marl, green, greenish yellow, or greenish gray; highly arenaceous
with almost Impalpable quartz grains; calcareous and argillaceous;
glauconite present in round dark green grains; some samples easily
friable when dried, others more clayey and somewhat tenacious;
o s'a mples ____________________________________________________________ _____________1, 660-1, 740
~

The water is distributed through 2% miles of mains, to 92
taps and 14 fire hydrants under 50 pounds, pressure.
Tripoli.-The town of Tripoli (population, 755) is supplied
from a well 113 feet deep, said to be oapable of furniJshing at
least 70 barrels an hour. Water is distributed from a tank
(capacity, 2,000 barrels) set on posts 90 feet high. There are
6,000 feet of mains, 16 fire hydrants, and 50 taps. Most wells
in .the village find water in gravel resting on bedrock.

•
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Waverly.-The city of Waverly (population, 3,205) is supplied by an artesian well 1,720 feet deep, drilled in 1899 by J.
P. Miller & Company, of Chicago. (See PI. VII.) The well is
12 inches in diameter to a depth of 15 feet, 10 inches to lOu
feet, 8 inches to bottom, and is cas,ed to a depth of 100 feet.
The curb is 930 feet [above sea level. The head was not tested,
but the natural flow is, 225 gallons per minute. Water was
found at a depth of 730 feet (in the Saint Peter), at 840 to 900
feet. (in the Shakopee, first flow) , and at 1,120 to 1,200 feet (in
the Jordan). The temperature is 53° F.
The strata penetrated are shown by the following table:
Record 01 strata in city wen at WaverZy.
Devonian (70 feet thick; top, 930 feet above sea level):
Limestone, buff, earthy ________________________________________________________ _
Limeston e, 1Igh t buff, earthy___________________________________________________ _
Limestone, dense, hard, brittle. brownish, drab and light buff, of
finest grain and conchoidal fracture; rapidity of effervescence In
cold dllute Hel Indicated a very slight percentage of magnesium
carbonate; facies of Wapsipinicon limestone ____ ___________ ______________ ~
Limestone, as above, with a few chips of flint and some of light
yellow arenaceous limestone __________________________________________________ _
Limestone, light buff, earthy, rapid effervescence _______________________ _
Sllurian:
Nlagar'an dolomite (50 feet thick; top, 860 feet above sea level)Dolomite or magnesian limestone, gray, earthy luster _________________ _
Dolomite or magnesian limestone, in coarse chips, with flakes of
bluish white subtranslucent crYPtocrystalline quartz ___________________ _
Dolomite or magnesian limestone, yellow-gray; In fine sand __________ _
Dolomite, In large chips, gray, earthy luster, with cryptocrystalline
silica _______________________________________________________________________________ _
Dolomite or magnesian limestone, soft, blue, subcrystalline ___________ _
Ordovician:
Maquoketa shale (150 feet thick; top, 810 feet above sea level)Shale, blue; with small nodules of pyrite and fine sand of bluish
11 mes to ne chi p pin gS ___________________________________________________________ _
Limestone,
soft, blue, saccharoidal, of brisk effervescence, pyrltifer-_
ous _________________________________________________________________________________
Shale, calcareous, bluish or greenish; 13 samples _________________________ _
Galena limestone to Plattevllle limestone (420 feet thick; top, 660 feet
above sea lev~)Limestone,
mottled, light and dark drab. fine saccharoidal, mag-_
nesian ______________________________________________________________________________

Feet.
20

30

50

60

70
80
90

100
110

120
130
140-260

270

Flint, light drab; In large chips; with blue-gray limestone, of rapid
effervescence ______________________________________________________ -------_______ _
Limestone, blue, gray; of rapid effervescence; soft, argillaceous,
wi th considerable flin t; 3 samples __________________________________________ _
Limestone, white, light gray and cream colored; in thin flakes;
rather soft, somewhat argillaceous; luster earthy; effervescence
rapid; 16 samples ________________________________________ " ______ ------------------Shale, green; with some fine chips of Iimestone ___________________________ _
Limestone, soft, earthy, nonmagneslan, light gray, fosslliferous ____ _
Limestone and shale; the latter green; two samples for this depth,
one of limestone and one of shale, may represent the Interval between 610 and 680 feet. _______________________ -----~-----------------------------

290-320

360-590
000
610

620
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Feet

Shale, green; in angular chips, with some chips of light gray
limestone, as above ______________________________________________________________ .
Limestone, soft, earthy; with much green shale; 3 samples--___________ _
Shale, green, bright, plastic; large pieces of dried clay cleaned
from drill; 2 samples _______________________________________________________ ____ _
Saint Peter sandstone (30 feet thick; top, 240 feet above sea level)Sandstone, white, soft; grains of pure quartz, moderately well
rounded and rather fine; 3 samples __________________________________._______ _
Prairie du Chien stageShakopee dolomite (240 feet thick; top, 210 feet above sea level)Dolomite, gray, cherty; with chips of white saccharojda\ sandstone
and much quartz sand _________________________ _______________________________ _
~

630
640-680
670-680

690-710

720
Dolomite, hard, crystalline, light gray and cream colored; in chips
with much quartz sand; S samples ________________________________________ _ 740-780
700-920
Dolomite, light yellow-gray; in chips mingled with muah white sand
(Drillings said to have washed away because of overflow at 840 feet.)
Dolomite, white, crystalline, cherty; with much moderately fine
quartz sand; 2 sam pi es ___ _______ ___________ __ ___________________________________ _ 930-940
Dol om i te, cream co lore d ________________________________________
__________ -__
950
New Richmond sandstone (20 feet thick; top, 30 feet below sea level)Sandstone, white, fine-grained, calcareous cement; in small chips,
with some pink dolomite and grains of sand _____________________________ _
960
Dolomite, light gray, cherty, arenaceous ___________________________________ _
970
Oneota dolomite (150 feet thick; top, 50 fee·t below sea level)Dolomitl3; mostly in clean sand and chips, vesicular, white, gray,
pink; some cherty; 13 samples _____________________________________________ __ 980-1,120
Cambrian:
Jordan sandstone (110 feet thick; top, 200 feet below sea level)- .
Sandstone, white, soft; of clear quartz, grains rounded, general size
of grain of last sample about 0.5 millimeter in diameter; 3 samples_l,I30-1,150
SandstoJle; c1rillings apparently consist in part of angular sand of
light yellow dolomite, effervescing freely in hot HCI. Under the
microscope it is seen to consist of minute angular grains of limpid
crystalline quartz with calcareous cement; much of the drillings
consists of rounded grains of white sand; 2 samples ____________________l,160-1,170
Sandstone; quartz, moderately fiue and well rounded, with chippings
of gray dolomi te__________________________________________________________________
1,180
Sandstone, calcifero us; 2 sam ples ______________________________________________ I, 190-1, 200
Sands ton e, fl n e -grai ned, whi te__________________________________________________
1,210
Sandstone, calciferous; with some flakes of dolomite; 2 samples ______1,220-1,230
Saint Lawrence formation (480 feet penetrated; top, 310 feet below sea
level)Dolomite, highly siliceous; with finely divided quartzose matter of
angular particles, somewhat arenaceous; with bright green grains
of gla ucoJli te; 4 samples ________________________________________________________ 1, 240-1,270
Chert and dolomite and sillceo-calcareous shale___________________________
1,280
Dolomite, highly argillaceous and siliceous________________________________
1..290
Dolomite, gray, siliceous; silica in form of minute angular crystalline particles constituting a large part of the rock; some green
grains of glauconi te; 5 samples _______________________________________________1,300-1,340
Shale, bluish green, slightly calcareous; 4 samples ______________________1,410-1,440
Shale, pink, buff and green, noncalcareous_________________________________
1,450
Shale, blue-green, somewhat indurated, noncalcateous; 8 samples ____1,460-1,530
Sandstone; rather coarse grains, drillings contain clayey admixture
and do lorn t te chi ps ______________________________________________________________ _1, 540-1, 580
Shale of various colors; yellow, a strong, dark green set thickly
with grains of red; arenaceous, with small, partly rounded quartz
grains ______~----------------- ----------- ----- ---------------__ _____________________
1,590
Shale, blue-green; with considerable red shale, probably from above;
9 samples _____ ___ __________________________________________ ____ _____________________1, 600-1, 720
~-- --

~
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The water is pumped to a tank with a capacity of 60,000
gal1ons, and distributed through eight miles of mains. to 52
hydrants and 350 taps. Domestic pressure is 70 pounds, and
fir,e pressure 125 pounds.
The excellent artesi,a n supply haS' largely displaced the house
welLs of the town. Wells sunk before its introduction found
water at varying de·p ths. On the river terrace of Sturtevant's
addition driven Wiells 15 to 20 feet deep were used. 'On the
high hills of the first ward wells were sunk through loess and
drift nearly 100 feet to rock. On the east side of the river a
former channel of the Cedar is is.ounded by w.ells, which on the
bottom lands of the fourth ward descend between 90 and 100
feet in river sand throughout, showing that the old rock floor lies
scores of £eet below the present rock-cut channel of the river '
through the town.
.
Waverly Junction.-At Waverly Junction (population, 80)
wells range in depth from thirty feet (driven) td' 100 feet
(drilled). Rock is entered at thirty to forty feet below the surface.
The following tables give data of typical wells in Bremer
county:
Typica~

wells

01

Bremer county .

obi
0
0

...

Owner

.

"' ..
01'>

1>::1

A

...
...

A

'"

A

75
139

40 _______ _
115
124 Said to be tlowlng stream at
bottom.

0

Location
.d

.d

00
I'>~
Olo

'tl-

'"

tI:

~

Remarks

(log given In feet)

Ol'"

",I'>

T. 93 N., R. 14 W.
(Polk)

R. P. Black_________
M. Oarrier___________

NE. ~ SE.
SE. i NE.

~
~

sec. S__
sec. 4__

T. 93 N., R. 13 W.
(Douglas)
J. Neuendorf________
J. H. BeslIL________
O. Zwaozlger_____ ___

NE. i SE. i sec. 2__
NE. l NW. i sec. 3__
SE. ~ SE. i sec. 6__

Republic Oreamery__
A. Biarmsnn________
H. Winzenberg______

NW. i SW. ~ sec. 9_
SE. i SW. i sec. 26_
SW. 1 SW. ~ sec. 27

.

200
200
266

180
111
220

190 _______ _
170 _______ _
200 ________ Blue clay, 200; soft rock and
shale (Upper Maquoketa),
60; hard limestone (Middle
Maquoketa) 6.
178 _______ _
100 ______ __ Oreek bottom .
49 _____ • Yellow clay, 30; blue clay,
19; limestone (Niagaran),
]0; shale (Up!'er Maonoketa) ,
87:
"sandstone"
(perhaps sharp yellow 88I1d
cut frOID dolomite of Mid·
dIe Maquoketa), 20.
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Typical wells oj Breme1' County-Continued

...
....
.
S

,!oj

•

Owner

T. 93 N., R . 12 W .
(Frederika and
part ot Leroy).
M. 0011ln8_____ _
J. N. JOhnSOIL __ _
M. Mowatt _______ _
J. Pfnkerton _____ _
W. J. Meier____ _
M. O. Connell_____ _
F. Wolfgramm____ _
O. L. Rima ______
F. Schultz.. _____ _
~

SW.
NW.

1 SE. i sec. 17_
1 NW. 1 sec. 85

SW. i sec. 5________ _
SE. i SW. i sec . 6_
NW. i NE. i sec. 8_
NE. i NE. ; sec. 8__
SE. i NE. i sec. 8__
NW. i NE. i sec. 9__
NW. i NW. i sec. 16
SE. ; SW. i sec. 18
SE. i NE. i sec. 81_

O. F. Schwem___ ___

NW. i NW.

O. E. Falcher ______ _

i

1>:::1
0<'>

Location

.d

~

A

Po.,

-10
170 ________

100
53

105
72
100
80
97

53

First rock struck a soap·
stone (sbale) at 20; then 6
ot gray rock containing
water.

so _______ _
13

55

52
92

60
91
13

103
60 _____ __ _

87

NW.

1 NE . 1 sec. 22_

146

H. J. PeltolL ______ _

NW.

i

SE. 1 sec 1__

190 _______ _

F. McConnelL ______ _

NW.

1 NE. 1 sec. 3_
i NE. i sec. 8__

73 _______ _
11~

miles NE. Tripoli

230

NE.

.,.,

"0
'tl.,.0
:I)

65 ________

196

sec. 32

J . Leach ___________ _

Remarks
(log given In feet )

,o~

.d

Po.,

L. Burgman______
D. Moler________

0.0

<.>
0

186

~I
-10
-4U

Yellow clay, 12; blue clay, 86;
sand, 5; ends in sand.
Yellow clay, 10; blue clay,
24; sand, 16; blue clay, 10;
rock, 27.
Upland.
Yellow clay, 12;
blue clay, 63; old Ill·smell·
ing soil, 20; blue clay, 41;
rock, 10.
Upiand.
Yellow and blue
clay; struck 25 teet ot sott
jumping clay. 156; water·
bearing sand to bottom.
Close to East Wapsipinicon
bottoms.
Ail clay to water·hearlDlr
gravel at IJottom.
Ends in wa ter·II.aring sand;
yields 10 gallons per minute.
Divide. Drat, 200; sbale (Up·
per Maquoketa), 60; lime
rock (Middle Maquoketa),

F. H. FriedmalL __

a

John McQueen}"____ •

NW.

1 NE. ; sec. 18_

283

A. Schmidt_________ _

NE.i NW.; sec. 18

222

W. B . Bames__ __ _

NW.i

E. Webster________ _

NE.

1 sec. 19______ _

220 _______ _ Divide. Drift clays, 135; quick·
sand (flne dark gray), 60;
blue clay, 25; soft sbale
(Maquoketa), z.
158 _______
+4 Near foot of hIlI by Mentor
crpek. Blue clay, 96; quick·
sane! and wood, 60' coarse
gravel and water, 2.
49 ________ . _____ _ Water in gravel.

P . O'Connell________

NW.

1 NE. 1 sec. 8_

810

170

Creamery _________ _

128

116 ________
147 _______ _

F. O. Krause.. ____ _

SE. i SE. i sec. 5__
SE. i SE. i sec . 9__
NE. i NE. i sec. 10_

O.
J.
H.
G.

SW. i SW. i sec. 14
NW. 1 NW. 1 sec. 15
SE. i NE. i sec. 17_
SW. i sec. 21. ____ _

NW.i

sec. 18

+2
200

-50

28.

T. 93 N., R. 11 W.
(Sumner and
part of Leroy).

J. M.

J~nlr8

________ _

Shophouster ___ _
M. .lenks ______ _
Friend
Hammetter ___ _

153
195
141
120
116

188

-80

194 ________
136 ________

----ii2- ".=======

High prairie. Yellow clay. 15;
blue clay, 155; limestone,
140.

Blue clay, 194; limestone
spalls, 1.
All clay to rock.
Ends in 6 teet of sand.
Blue clay, 132; sand, 6.
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Typical wells in Breme7' County- Continued
~
()

Owner

...o

Location

S
.d

Remarks

(log given In feet)

Po
.,

A

T. 92 N. , R . 14 W.
(Lafayette and part
of Washington).
W. S. Grover_____ _
W. Blasler ______ _
H. S. Bunth ______ _
C. A. Klngsley ____ _

SE. 11 NE. 11 sec. 8__
SW.1I NE.i sec. 4_
NE. i NE. 11 sec. 10_
NW. i sec. 17______ _

W. M. Colton ____ _

SE. 11 NE. i sec. 20_

102

B . Bennett _____ __ _

SE. i SW. i sec. 20_

138

E . Chase ______ _

NW. 11 SW. 11

sec. 21

130

J. H. BOWInall..___
J. Boglston_______
M. Boglston________
Wm. Cook -------

Sec. 29 ___________ _

.SE. 11 NE. 11 sec. 81_
NW. 11 sec. 32______ _
SW. i SW. 11 sec. 86_

186

112

60

112

70

130
(?)
(?)

30

136

100
29

130
30

30 ______ _

70 _______ _

30 ______ _

90 ______ _

75

T. 92 N., R. 13 W.

(Warren).
L . Ladage _______ _

SW. 11 SE.

i sec. , __

287

J. Wilkins ______ _
J. Alcock__________ _
Job Simmons _____ _
L. Armstrong __ __
F . Potbast ______ __

SW. 11 NW. 11 sec. 6_
SW. 11 SW. 11 sec. 6_
SE. i NE. 11 sec. 6__
NW. 11 NW. 11 sec. 7_
SE. i SE. i sec. 17_

150
92

F. C. Potbast__ ___ _

SW. 11 SW. 11 sec. 16

352

F . Lageshulte____ __
H. S. HooveL __ ___
Bremer Co. Farm __
M . Sharp _________ _
Chas . Gors _______ _
W. T. Weideman__

NE. i NE. 11 sec. 17_
SW. 11 SW. i sec. 18_
NW. It SE. 11 sec. 24
SE. 11 NW . i sec. 31
SE. i sec .. 32 _______ _
SE. 'i SW. i sec. 35_

180
130

S.

SW. 11 NW.

C1aus'ing_______ _

T. 92 N., R . 12 W.
(Fremont).
C. F. Davles___ ___ _

H. Hennings ____ _
MfIler ________ _
A. D. Chapin ______ _

i

236
201

817

236

190

148
128

sec. 36

120

SE. 11 SE. i sec. 6__

30

NE. 11 NE. 11 sec. 19_
NE. i SE. 11 sec. 4__
NE. i sec. 23______ _

100
89

C. 8ell ______ __ _

8E. 11 SW. i sec. 8__
SW. 11 NW. 11 sec. U

Drift, 75; limestone (Deyonl.
an), 45; shale (Independ·
ence), 2; limestone, 14.

ISO _____ _ Water lowereil on drilling of

Wlxenburg well, 2 miles
north.
Ends In water·bearlng gravel.
Do.
Not much sand In well.

196

Drift, 212; limestone, 5'
sbale, 100.
Drift, 210; limestone, 5'
sbale 135; sandstone wltb
water, 2.
AI! In drift.
185 _______ _
105
-80 _
70 ______
212

210

60 _______ •

No shale.
Bottoms of Quarter Section
Run. Blue clay, 128 feet;
sand.
Flowing well.

12 ______ _

Lowland, about 2i miles
from an outcrop of Niagaran limestone.

100
84

No sand worth mentioning;
water In roell:.
Yellow clay, 7; blue clay, 98;
limestone, 10.

110

100

195

190_______ _ Divide between Wapsipinicon

T. 92 N., R. 11 W.

(Dayton).
O. Seebase.. _____ _

Bottoms of Oedar river.
Upland.
Yellow clay, 16;. blue clay,
65; white limestone.
On upland. Drift, 30; lime·
stone, 25; soapstone, blue ,
soft (Independence shale
member), 30; limestone, 17.
Yellow clay, 10; blue clay,
60; IImelitone, 44; shale
gray (Independence), 10;
limestone, 14, containing
water.
Drift, 30; limestone, 50; lime·
stone and sbale, the latter
In several beds 4 or 5 feet
thick (Independence), 40;
limestone, 10.

171 ______________ _

river and Buck creek.
Divide bet.ween Buck creek
and Little Wapsipinicon;
ends In sand.
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Typical wells in Bremer Oounty- Oontinued

.bI

<>

....o

Location

Owner

Remarks
(log given in teet '

....o
.d

'ii
.,

Q

H. Nuss _________ _

I. Leverton ____ _

SW. i SW. 1 sec. 24_
NE. ; SW. ; sec 25_

O. Schwahn _____ _
N. Mersch _________ _

NE. 1 NE. i sec. '1:1_
SW. 1 SE. 1 sec. 28_

Wm. Franklin ____ _

SW. 1 SW. 1 sec. 30

Geo. Watts ___ ____ _

SW. 1 NW. i sec. 31

F. Pobler _________ _

NW.

i NW. i sec.

33

183

Ends in sand.
Yellow clay, 30; hlue clay,
115; limestone, 5.
Ends in sand.
Ends In sand. Yellow clay,
20; blue clay, 126; sand, 2;
typical of wells In this and
adjacent sections.
109
-9 West bank of Wapsipinicon
90
valley.
128
120
- 8 West bank of Wapsipinicon
valley.
Yellow clay, 40;
blue clay, SO; hard gray
limestone, 8. Water at 128.
150 ___ ___________ __
All clay to water·bearln&,
sand at bottom.
145 ______ __

150
130 _______________ ,
148 ________
-30

T. 91 N., R. 13 W.

(Jefferson and parts
of Washington
and Jackson).

Washington
Oream·
ery ___________
_
J!. Soldwlsah ____ _
Hans Ohristlan ___ _
M. Sinot ______ _
Ohlcago Great
Western
(E._
N.
Perry)Ry.
_____
Wm. Hennlng____ _

SE. i sec. 5__
NE. i sec.· 6_
SE.l sec. 7_
SW. i sec. 7

104
136
95

65

40

NW. i sec. 7______ __
SW. i NE . i sec. 8_

120

45

SW. i
NW. i
SW. i
SW. i

L. Oory __________ __

827

SE. i SW . i sec. 17_
NE. ; SE. i sec. 80_

214

H. A. Knief ______ _

NW. i NW. 1 sec. 2_

214

W. H . Knlef ______ _
John Knle!. ____ ___

SW. i SE. i sec. 2_
SE.; NW. 1 sec. 2-

214

Wm. Baskins ___ _
W. Farris _______ _

·NW. 1 sec. 4________ _
SE. i SW. ; sec. 23_

110
13'l

Julius Wille ____ _
M. E. Bloeser____ _

NE. ~ sec. 25 ______ __
NE. 11 NE. i sec. 26_

122
82

G. B. Briden _____ •
M. Farrington ____ _

NE. ! SE. ; sec. 33__
NE. i SE. ; sec. S5_

120

John Dornbush __ __

1 mile N. and 1 mile

95

M. Gauske __________

NW. i NW. 1 sec. L

158

H. OIendorf
Geo. Knief ________ __

SW . i SE. i sec. 11_
SW. i SE.; sec. 21_

Geo . Baskins ____ __

I

92

220

122

W. of Denver.

81
-90__
90 _____

25
Yellow clay 10; blue clay, 35;
limestone, 75.
Blue clay, 156; limestone, 75;
shale
(Maquoketa),
96.
Well unsuccessful; on an
other part of same farm
water was found in drift
and at 150 feet.
60 ______ __
High hfll.
29
Drift, 29' limestone (Devon I
an and Silurian). 87; shale
(Upper Maquoketa), 115;
sandstone, S.
Ends In sand, all blue clay
above sand.
Do.
Blue clay, 210; sand. fine
gray and black, with some
-wood at 210.
100
63
Loess and yellow tfll, 22: blue
clay. 41; limestone, 6!/.
122
High hili.
82
Soft yellow clay, 13; bIn
clay, 69.
Drift, 40; rock, SO.
40
110
Yellow clay and gravel, 30;
sand at SO; blue clay, SO;
rock, 12.
________
-76 Yellow clay, 20; blne clay
25; limestone, 60.
156

--------I

T . 91 N., R. 12 W.

(Maxfield).

118 ________

95
SO
80 _______

-1.0

Yellow clay, 20; blue clay, 98
to rock.
A few feet above level 0
flood plain of Orane creek

UNDERGROUND WATER RESOURCES OF IOWA

330

'l'ypicaZ wells in Bremer County-Continued

Remarks
(log given In feet)

Owner

Location

Fred Knief _______ _
J. P. Ottrogge____ _
H. W. MeggerhofL_
J. Kolling _________ _
H. Poock __________ _

SW. ! SW. ~ sec. 2"_
SE. l NE. i sec. 23_
NE. 1 SE. ; sec. 14_

100
86

NW. i sec. 20 ______ .
SE. 1 NE. ~ sec. 32_

60
273

50

-35
-i3

Ends In sand.
Do.
Yellow clay, 30; blue clay, 40;
sand and gravel, 16.
Yellow clay, 13; blue clay. 47.
All hlue clay to hottom,
where water was found In
sand and gravel.

T. 91 N., B. 11 W.

(Franklin).
B. Blcrle __________ _

SW.

~

SW. ~ sec . 7_

240

J. H. Robrson _____ _

NE.

~

SW. i\ sec. 7__

275

G. Vander Walker__
Orrin Statlon ______ _

NW. ! NE.
NE. a NE.

R. Rundle _________ _

NE.

Shippy
and Har·_
wood ___________

~

230

sec. 19_
sec. 13_

130
123

98

SE. 11 sec. 12..

128

100

~
~

90

NE. i NE. 1 sec. 12_

98

Haas Kabler __ ____ _

SW. 1 SW. i sec. 1_.

140

120

Wm . Mundt

SW. 11 NW. 11 sec. L

130

100

J. T. Nuss _____ _

NW. l NW. 11 sec. 1_

120

103

Obrls. Nieland ___ _

SW. i SE. 1 sec. 2-.

112

108

G. W. Bowman ___ _
Bowman Bros. ___ _
Geo. Moody ______ _
E. Taylor ________ _
Geo . Ourtls _____ _

NW. ! NW. i\ sec. 5_
SE. i NE. i sec. 4__
NE. ~ NE. i sec. 9 __
SW. ! NW. ; sec. 11_
NE. 1 sec. 13_______ _

112
112

Ohlcago
G rea t
Western By. (J.
Oarry). _________ _
A. S. Mores _______ _

NE. i\ sec. 12 _______ _
NE. ! SE. ~ sec. L_

O. M. Barber______ _
Allen Sewall ______ _
O. Babcock ______ _
D. Lebman
School No. L ______ _

NW. 1 NW. 1 sec. L
NE. i SW. i sec. 21_
NE. 1 NW. i sec. 22_
SE. 1 NW. i\ sec. 28_
NE. i SW. 1 sec. 34..

Drift clays, 200; "yellowish
substance between rock and
clay," 30; solid limestone
with water, 10.
-24 Clay, 200; sand, gray, very
tine, dry, 70; gravel and
sand witb water, 5.
Ends in sand.
-40 Yellow clay, 40; blue clay,
58, to rock; water In rock.
-30 Clay, 100, to rock; water In
rock.
_______ _
Yellow clay, 50; sand, 10;
blue clay, 30, to rock.
Yellow clay, 80; sand, 10;
blue clay 80 to rock; water
In rock.
Drift clays, 80; gray sand
with muddy water, 20;
-30

rOCk, 30.

Yellow clay, 30; blue clay, 58;
sand, 15; limestone, 17.
Yellow clay, 30; blue clay,
78, to rock; water In rock,
no sand in well.

T. 91 N., B. 14 W.

(Parts of Wasb·
Ington and Jack·
son).

136
90
45

89

126
151
126
126
70

40

75 • ______ _ High ground.
80
Hill.
90
60
45

Sand, 20; yellow clay. 25.

60 ___ ____ _
Yellow clay, 25' blue clay,
90
65; limestone, 36.
80 _______ _
70
100

40
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Typical wens in the Wapsipinicon Valley artesian fieZd, Bremer Oounty.

Remarks
(logs gtven in feet)

Location

Owner

T. 93 N., R. 11 W.

(Sumner and part
of Le Roy).
W. B. Barnes _____ _

NW. 1 sec. 18 _____ _

156

WflIiam Kuker ___ _
Hiram Lease •.. __ _

SW. sec. 81 _______ _
NE. 1 sec. 13_______ _

140

Feet

~

120

Feet
Blue clay, 60; ,fino soft quicksand
with some wood at bottom;
coarse gravel and water.
Ends In gravel.
Overflows.

-4

T. 98 N., R. ~ W.
(Le Roy).

J. Playman.._______

SW. 1 sec. 25_____ •__

85

2~

Louis Testort! ____

NW. 1 sec. 26_. __ •__

110

12

John Barbknecht__
Bertha Gericke ____

NW. 1 sec. 28______ _
NW. 1 sec. 18_______ _

64
63

-5
- 6

Fred Hahn _______
F. H . Frledman____

NW. 1 sec. 21 ______ _
3 miles NE. of Tri·
polf.

16

-9

230

P. Wynkot!______ _
N. Trauller ____ _
Robert Watts __ _
T. 92 N., B. 12 W.
(Fremont).
O. C . 000·... _.•.. __

J. J. Coofr__ . . _. ___ _

A. .Coulltryman ____ _
T. 91 N., R. 11 W.
(Franklfn).
Peter Wntrine _____ _
George Meier ______ _
Anthony Schmeltzer

Yellow clay, 10, then gravel which
grew coarser to bottom.

2

T. 92 N., R. 11 W.
(Dayton).
Ohrlstian Bubr __ _
W: O. Gode.. _____ _

Near East Wapsipinicon; diameter,
41 Inches.
95 feet to rock, has now ceased to
flow. On East Wapsipinicon.

Ends In sand and gravel.
10 gallons per minute.

Flows

I

30
SE. i sec. 18_________ ------SE. i sec.
110 ____ _ Water jetted 15 feet from top of
8-lnch pipe.
SE. 1 sec. 30 _______ _
Yellow clay, 10; sand and gravel,
75
30; blue clay, 25; lfmestone, 10.
NE. 1 sec. 29 _______ _
SW. i sec. 31 _______ _
~~
Ten or 12 feet above valley floor.
Sand, 4; yellow clay, blue clay;
lfmestone at 82; water In rock near
bottom.

20_______

.

61
-----io-I

I

NE. ; sec. 1_______ ________________ _ Temperature, 47 degrees F .
120
21 About 10 feet above Wapsipinicon
SE . 1 sec. L_________
bottoms. Diameter, 58 Inches.
Temperature, 47.3
degrees F.
Sand, 8; blue clay, 94; cemented
gray
gravel,
18.
SW. i sec. 1___________ •____ _ Hfllslde . Flows only when Cook's
well Is shut off.
NW. i sec. 27 _______ _
:i sec. 6_________ _
SW. i sec. 22.. ____ _

100
100
93

F. H. Schroeder__ _
Henry Fubr _______ _

SE.
sec. 8______ __ _
NE. 1 sec. 17 _______ _

92

4

William Beal _____ _

SE. 1 sec. 17_______ __

98

12

B. F. OalL ______ _
J. W. RommeIL __ _

SW. 1 sec. 11L _____ _
NE.
sec. 20____ __ _

102

)17~'.

HflIslope; has now ceased to flow;
drilled about 1875.

~

a

n

10

Hillside, 20 feet above Wapsipinicon bottoms. Diameter, 5 inches;
drilled in 1903.
Diameter 2 Inches; elevation, 9 feet
above Wapsipinicon river. Temperature, 48 degrees F. Loam, 2;
sand, 28; blue stony clay, 67~;
gravel, ;.
Hillside. Well just overflowed.
Diameter, 5 Inches. Temperature,
49 degrees F. Flow, 2 gallons
through i·inch pipe. Yellow sandy
clay, 20; blue clay, 51; gravel.
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Typiool wells i n the Wapsipinicon Valley artesian field, Bremer aounty-

Continued .

Location

Owner

.d

1>.
Q)
Q

Leopold Leistikow_
George RommelL_
H. Lelstikow _______
H., Leistikow -----Cbarles LieberL ___ _
M. E . Perry _______ _
Grove
Hill____
Cream·
_____ _
ery _____
Carl Hagenow _____

Feet
107

Remarks
(logs given in feet)

"":z:'"
Q)

Feet
S6

\
Temperature, 47.3 degrees F. Runs
30 gallons per minute tbrougb Ii·
inch pipe plugged into square iron
rod.
2L
____
__
_
,I,
92
NW. ~ sec.
Temperature, 49 dgrees F. Drill
l~ gallon8 per mInute througb ~.
Incb pipe.
NW. ~ sec. 29______
113 ------- .. Temper a ture, 49 de!gees F, Drill
lifted when water was struck at
base of blue till at 113 feet.
29______ _
NW. ~ sec.
-------- ------- Temperature, 49 degrees F. Now a
feeble flow.

SW.

NW.

NK

~

sec. 20 ________

i see.
~

29_______ •__________ _

sec. 3t_____ ___

NW . sec, 22 ______ _
S. ~ sec. 6_ ::
__::_=-_::
__::_=-__::_:.:__
~

100 ____ _
106

-6

Formerly used for carp ponds,
Slope.

-=1=38::...._-=2=O_-=
30
::...:f::::
e::
et~
a::::
b::::
o.:
v::.
e ,:.r.:
lv:,:e::r..:,-=E::n::d::s:..::
lD~
g=r::
8v
: :e"L
"
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BUCHANAN COUNTY

BY MELVIN F. AREY.

TOPOGRAPHY.

Topogra,p hically Buchanan county dOles not differ greatly
from the other parts of the Iowan drift prairie. The inequalities in its surface are a little more pronounced in the southern
half than in the northern, for the stream courses trend southward.
Wapsipinicon river crosses the county from northwest to
southeast. Its principal tributaries in the county, the Little
Wapsipinicon, Otter;' Harter, and Pine creeks, enter from the
northea.st. Buffalo creek, which joins the Wapsipinicon in
Jones county, flows for ,a bout 25 mile,sl of its course in the eastern part of Buchanan county. Tributaries of the Maquok1eta
drain almost all of Madison and Fremont townships, in the
northeast corner; Spring, Lime, and Bear creeks, branches of
the Cedar, drain the, southwest corner.
, GEOLOGY.

The indurated rocks in Buchanan county are everywhere
covered by drift, which attains a maximum thickness in section
4, Buffalo township. Well records indicate that the underlying
rock surface is very uneven, partly owing to irregularities in
the orginal deposits and partly to preglacial erosion.
Over about 190 square miles of the northeastern portion of
the county the drift rests on Silurian rock.s, the Niagaran dolomite. Calvin,' in his report on the geology ;of Buchanan county,
describes the Niagaran her'e as a "coarse, granular, vesicular
dolomite, interbedded at certain localities ,with large quantities
'of chert." In the remaining areas the drift rests on the W apsipinicon and Oedar Valley limestones (Middle Devonian).
The Wapsipinicon stage, which underlies an area lof about 140
square miles in the central part of the county, mainly east of
' Ann . r e port Geol. Survey, vol. 8, 1897, p. 216.
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Wapsipinicon river, comprises a lower member (Independence
shale member), consisting of dark shale alte'r nating with beds
of limestone, and a much thicker and more widespread upper
member of brecciated limestones. The lower shale member is
ill defined, but it undoubtedly has 'a n important effect in determining the underground water conditions west of the area
. assigned to it on the geologic map.
The Cedar Valley limestone, which underlies an area of
about 240 square miles in the west and southwest portions of
the county, is in large part soft, earthy, and somewhat porous,
and on exposure weathers quite readily. The middle beds are
firmer and carry much less water.
UNDERGROUND WATER.
SOURCE.

The ground-water supplies of Buchanan county are obtained
from · the Buchanan gravel, which lies beneath the alluvial deposits in the stream valeys. and forms local upland deposits;
from the Kansan drift; from the sand, grav.el, or broken rock
underlying the Kansan drift; and from the more or less porous
beds of the Devonian and Silurian limestones.
A supply of good water ample to meet all existing demands
is found in every part of the county, but in somB 10calities
wells must be sunk to a depth of more than 200 feet. The
deepest wells are in localities where the drift material is
deepest.
Forty or fifty years ago all the water needed for use in the
home or for stock, aside from that afforded by springs and surface streams, wag, obtained from dug wells, which, in the valleys
of many of the larger streams, commonly ended in the Buchanan
gra\ e1. The wia ter was plentiful and usually was considered
wholesome, but was. likely to taste of iron, and such wells were
liable to become polluted with organic matter washed from the
surf,ace. Fortunately ' improved drainage facilities have rendered the supply somewhat uncertain in many places, compelling
a resort to drilled wells ending in the underlying rock. On the
open prairie some of the early settlers obtained water by wells
ending in the upland phase of the Buchanan gravel, or, more
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commonly, in the pockets or streaks of gravels in the Kansan
drift. N early all of these wells were abandoned long ago.
The layers of sand, gravel, or broken rock, nnderlying the
Kansan drift afford a plentiful supply of excellent water, but
the water-bearipg material is variable. In many places it comprises a bed of sand or gravel from 1 foot to 12 feet thick; in
othEJIr:s it is a layer of fragmentary rock mingled with geest or
till. In many wells this layer affords the first water, but when
the ,s upply obtained is insufficient the driller is compelled to
continue into the rock, wheI1e- seoond or third flows invariably
give ample supplies. So variable, howev,er, is the reported
depth to water in rock that it is impossible to refer the source
of supply to la ny particular beds.
In the area immediately underlain by the Niagaran dolomite
the drift is in many places thin, and most 'of the wells obtain
water in the rock. The wells range , in depth from 100 to 400
feet, and the distances in rock have Ia n equally wide range.
DISTRIBUTION.

In the SW. 14 section 1, Washington township, a well 100 feet
deep ends in gravel just above the rock. Northwest of the
drift well 11;2 miles a well 110 feet deep is 30 feet in rock. A
few rods east of the drift well another 110 f,eet deep is only 10
feet in rock. A hundred rods southeast of this, in yv ashington township, a well 104 feet deep is only 4 feet in rock, and
anothe-r , in Bryan township, 'a little east of the last, is 123 feet
deep, 23 feet -in rock.
Calvin reports a well in section 22, Buffalo township, 152 feet
deep, ending at the rock in a bed of gravel. In 1898 this well
furnished a constant stream of water 1 inch in diameter; it is
now reported as no longer flowing .
In the area in which the drift is immediately underlain by the
Wla psipinicon limestone wells range in depth from 45 feet (as
at Independence) to 136 feet.
A well in the NE. 1,4 :s,ection 34, Washington township, is 73
feet deep and is in rock for 70 feet. Rock outcrops in many
places in a belt 15 to 20 miles long not far from the banks of the
river and nearly parallel with it.
1

]Geology of Buchanan county; Iowa Geol. Survey, vol. 8, 1897, p. 253.
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In a well in the NE. 1,4 section 36, W'a shington township, rock
was found 20 feet from the surface. The weU is 136 feet deep,
the last 40 feet being chiefly in a gritles5 clay oalled "soapstoIl:e" by the well driller-undoubtedly. the Independence shale
member of the Wapsipinicon limestone. The well ends in a
flinty rock-the Niagaran-a g,ood water bearer in all this region.
In SE. 1,4 section 36, it well 80 feet deep, 72 feet in rock, ends
in the" soapstone," although, of cour,~,e, the' water comes from
the rock just ,above it.
In the area immediately underlain by the Cedar Valley limestone rock wells range in depth from 85 to 220 feet, and penetrate rock from 5 to 170 feet. North of Wapsipinicon river in
this area water is obtained in the Buchanan gravel and accurate
data for rock wells are not available.
In Westburg township, in the SW. 14 sec. 23, a well 220 feet
deep, 140 feet in rock, mus,t reach nearly if not quite to the In·
dependence shale member of the Wapsipinicon. In Sumner
township a well near the center of section 19 is 155 feet deep,
the last 15 feet being in grav'el. Another in the northeast 1,4
section 22 is 100 feet deep, the last 20 feet being in
rock. This well is in the area underlain by the Wapsipinicon. In Homer township two wells are reported. One
in the north half of section 3 is 85 fet deep, 5 feet being in rock;
the other in the SW. 1,4 sec. 23 is 95 f.eet deep, 15 feet being
in rock. . In Jefferson township, in the NE. 1,4 sec. 2, a well 220
feet deep, 170 feet in rock, undoubtedly ends at the top of the
Independence member of the Wapsipinicon.
SPRINGS.

Springs are not very numerous in Buchanan county, and most.
of those found are seeps from the drift materiaL In the
SW.1,4 sec. 6, Westburg township, ho,weyer, on G. W. Young'::;
farm near the border of Spring creek valley, a large fissure
spring of excellent water eme'r ges at the base of a long, gradual
slope 75 feet or more high. No rock outcrops in its immediate
vicinity, but the lower beds of the Cedar Valley limestone are
l::xposed in two quarries a mile to the northeast, and it i~ prob-
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a.ble that the water comes from a gravel layer just abQv!e the IIl,dependence shale member of the Wapsipinicon limeston'e.: ,
A large spring of good water is reported within the corporate
ljmits of J€,SUP, on the place of J. D. Land; another is. reported
'on the farm of Mrs. Joseph Patten, two miles northeast of
Jesup. Others are reported at Winthrop, on the land of W. H.
Eddy, R. L. Wright, R. W. Adams, and Mrs. A. Mulford'; and
at Rowley, on land of Theo. Hirsh and Robert Eldridge. An
old l'I8Jsident of the county as,s erts that springs are diminishing
in importance throughout the county, many no longer being
serviceable.
'
CITY AND VILLAGE SUPPLIES.

Independence.-The public well at Independen081 (population
3,517) is on Second Street NW. , 525 feet west of the river and
10 feet above its level. It is r,eally a cluster of. drivep. wells
supplying a common l'Ieservoir tfrom which the water ,is, pumped.
The first wells were put down in 1886 and improved in 1906.
The wells end on the rock at a depth of forty-five feet and obtain water from the Buchanan gravel. When highest -the ,water
from a depth of thirty-five feet stands within 8 feet of the surface; when lowest, within sixteen feet. The strainer is six feet
long. The temperature of the water taken in August was', 50· F.
and does not vary greatly. A compound duplex waterworks
pump is used. The maximum yield is 600 gallons per 'minute,
and the supply has not perceptibly varied. The water is sorft.
The cost of the wells was $2,000 ,a nd of the pumps $0,000. The
water is used for fire protection and for all general purpose,s,
supplying homes, schools, railroads, canning factory and the
State Hospital for the Insane. The daily average demand is
400,000 gallons.
In Rush P1ark, three-fourths ,of a mile west of the city well,
a well to the Buchanan gravel yields: an ample supply of water
at ~ depth of 29 feet. One-half mile west of the Rush Park well
a well 77 feet deep, 7 feet in rock, obtains an abundanee of
water; less than one-fourth of a mile west of this is another
22
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well about 112 feet deep, of which 12 fe'et is in rock. 'Most of
the difference:s in these wells are due to' difference in ,s urface
elevation.
The possibility of obtaining an artesian water supply at Independence for the Hospital for the Insane was considered
some years ago at the request of the State Board of Control,
and forecast was made by W. H. Norton Is ubstantially as follows:
Independence is' 921 feetahove sea level (Chicago, Rock Island & Pacific. railway track). After passing the hard limestones of the Devonian the drill will pass into the heavily bedded
Niagaran dolomite, where water will probably be fOlmd in channels opened by Isolution and will rise to a level of 25 !feet or less
below the surface. At about 280 feet the drill .will enter the
plastic Maquoketa shale, ,here probably somewhat more than 200
feet thick. The Galena dolomite, Decorah shale, and Platteville
limestone will then be traversed, their aggregate thickness being
estimated at 350 feet. In these terranes the drill may strike
water-bearing crevices. The Saint Peter sandstone, r,ecognized
by its whiteness, should be reached about 850 feet below the surface or about 70 feet above sea level. The water from this sandstone will not overflow at the s~rface and will probably not rise
to the level of the water in the formations above. ' A well to be
used for city or institutional supply should be sunk to a total
depth of about 1,420 feet. Such a well would tap the water veins
of the Prairie du Chien stage (Shakopee, 'New Richmond and
Oneota) and the Jordan sandstone. The drill should not go below
the beginning of the glauconiferous shales underlying the J ordan except on expert advice. These deeper waters will also fail
to reach the surface. As in all this part of Iowa, artesian water
at Independence will be of good quality.
A flowing well situated on a slope in the NE. % sec. 1, J efferson township, six and one-half miles southwest of Independerice, owned by J. E . Oook and R. E. Lela ch of Independence,
was drilled in 1897. It LSI six inches in diameter throughout and
enters rock, but neither the depth to rock nor the total depth
could be ascertained. The water rises two and one-half f'e et
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above the surface. A decrease in the supply is ,a ttributed to
bad casing. The water is used for all farm purposes.
Jesup.-The public well of Jesup (population, 697), is 312
feet deep, but the depth in rock is not known. The: water is
abundant and of good quality.
Winthrop.-The well owned by the village of Winthrop (population, 529) starts 100 feet above the level of Buffalo creek. It
is eight inches in diameter at the top, :five inches at the bot··
tom, and is 400 feet deep, entering the rock at the depth of
193 feet. The water bed is in rock, undoubtedly the Niagaran
dolomi.te. Water was also found at the top of the rock and at
260 feet. The casing is 8 inches for 198 feet and 5 inches for
61 feet. Water stands constantly at 120 feet from the surface
and is pumped by a gasoline engine at the: maximum rate of
35 gallons a minute. The supply has not diminished. The well
cost $600 and the pump $200. The Wiater is used I£or all domestic
pur~oses.

CHICKASAW COUNTY

BY

o.

E. MEINZER.

TOPOGRAPHY AND GEOLOGY.

The surface of Chickasaw county is part of the Iowan drift
plain, which is well drained when comparled with the areas covered with the younger Wisconsin drift and but slightly dissected
when compared with the areas where the older Kansan drift
lies at the surface. Numerous small streams cross the county,
flowing southeastward in more 'o r less parallel courses.
Over most of the county the depOis~ts of glacial drift form a
mantle 100 to 200 feet thick. In some places it is still thicker
and in others, as along Cedar and LitHe. Cedar rivers in Chickasaw and Bradford townships and along Little Turkey river in
Utica township, where postglacial erol@on has been effective, it
is entirely lacking. The bedrock consists of limestone, prob-
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ably all of Devonian age. Its surfaoe., as shown by well sections, is irregular-not unlike the rugged rock ,s urface tfound
farther ea~t in the state, where the glacial drift is absent.
UNDERGROUND WATER.

SOURCE.

The water supply is derived from alluvial and outwash deposits, from gLacial drift, from Devonian limestone, and from
older limestones'-probably Niagaran or tho;s,e belonging to the
Maquoketa shale. Water could also be obtained from still
deeper formations of limestone and sandstone.
The alluvial and ancient outwash gr,avels ar,e, found at' the '
surface, chiefly in the valleys-. As they commonly occur in low
areas and rest upon impervious clays, they are usually saturated with water which 't hey surrender freely to very shallow
wens and hence are utilized largely.
Most of the wells in the county obtain water from the glacial
drift-either tfrom the upper layer, which is loosely aggregated
and somewhat pervious, or from deeper sand and gravel beds
which are in fact alluvial and outWiash deposits that have been
buried beneath bowlder clay. Mapy wells also penetrate the
limestone, the ratio between the number of drift wells and rock
wells in different localities varying with the thickne.ss of the
drift cover.
The wells in Chickasaw county may be grouped in four classes
-driven wells, open wells, drilled drift wells and drilled rock
wells. A well of the first class, consists merely of an iron pipe
with a sand point driven (usually by hand) to a depth seldom
exceeding 25 feet into' sand and gravel where these materials lie
at or near the surface. Such wells are very inexpensive and
they furnish much of the supply in the villages located near
streams where alluvial and outwash deposits are best developed.
Shallow open wells were the principal reliance of the early settlers, but they have generally p'roven unsatisfactory, both as
to quantity and qUJality of water, and have been largely aban. doned ' for deeper wens,. Most of the drilled wells derive their
water from sand or gravel in the glacial drift. If the sand is
fine it tends to come into the well with the water, in which event it
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' shoUld be cased out and drilling should be continued. In all
parts of the county some wells extend into the limestone where
large and permanent yields of good water are obtained. Experience shows that it is poor economy to stop the drill bef'oTe
limestone is reached unless
supply coming from the drift
:Us entirely satisfactory. In depth the drilled wells range from
about 50 to 330 feet. Their average depth is perhaps between
125 and 150 feet.
IIi many of the rock wells and deep drift wells the water rises
nearly to the surface, and where the altitude is especially' low
may oVierflow. An example is afforded by a well on the farm
of D. W. Lowry, a mile north of Fredericksburg. This well is
94 feet deep, ends in sand, originally had a 'head of more than
15 feet, and at present flows about three gallons a minute.

the

SPRINGS.

Springs are found along the principal streams, espeCially
where the latter have cut through to limestone. In general,
however, the county is ,a level prairie without springs of , any
consequence.
CITY AND Vrr;LAGE SUPPLIES.

Frede,r icksbtwg.-The village well at Fredericksburg (population, 588) is 271 feet deep, the last ten feet of which are in limestone. Its diameter is six inches at the top and four inches at
the bottom, and the casing extends to rock. The water stands
six Ifeet below the ,surface, or about 1,070 feet above sea level.
The water is pumped to an elevated tank connected toa short
s,ystem of mains and is used chiefly for fire protection.
Nashua.-At Nashua (population, 1,102) the supply for the
public waterworks is taken from Oedar river and is pumped by
water power. The system comprises 2 miles of mains, 29 fire
hydrants and 162 taps,.
New Hampton.-The city well at New Hampton (population,
2,275) is 235 feet deep, the last 100 feet being in limestone. (See
PI. V.) The well is ten inches in diameter at the top and eight
inqhes at the bottom, and it is cased to rock. The water is hard
but otherwise of excellent quality and stands forty feet below
the surface, or 1,140 feet above sea level. The well is pumped

I
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at about thirty-five gallons a minute and is reported to have
been tested at 125 gallons. The water is raised into an elevated
tank from which it is distributed through two and one-fourth
miles of mains to 22 fire hydmnts and 198 taps. The daily consumption iJs. estimated to be only 12,000 gallons, although about
500 people, or one-fifth of the population, are reported to be
supplied and the water is also used in the locomotives of' the
Chicago Great Western Railway.
According to W. H. Norton, a deep well at New Hampton
would probably obtain a moderate amount !of water from the
Saint Peter sandstone, which here lies about 750 feet below the
surface, and from overlying limestones. A more bountiful iSUpply, however, would be obtained by sinking the well to a depth
of 1,250 or 1,350 feet, at which depth the shales of the Saint
Lawrence formation ,should be reached, beyond which drilling
will be unprofitable. Owing to the high elevation of the town
(1,159 feet above s,e a level) ,a flow need not be expected.
CLAYTON COUNTY

BY

w.

H. NORTON.

TOPOGRAPHY.

Like other counties of the extreme northeastern part of Iowa,
Clayton county comprises many geologic formations and haJs a
diversified topography. Measured from the highest divides to
the flood plain of the Mississippi, the maximum relief is 650
feet. The maSisive ridge that divides the valleys of Turkey and
Y,eUow rivers attains an elevation of 1,185 feet between Luana
and Monona. The prominent secondary ridge which extends
southward between Turkey and Mississippi rivers gradually
declines in height from 1,160 feet above sea level near National
to 1,060 feet at GarnliLvillo, and to 1,000 feet west of Guttenberg.
The wedge-shaped ridge dividing the 'T urkey from its affluent,
the Volga, reaches a height of 1,250 feet above sea level. South
of the Volga the upland reaches the same ,elevation.
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The upland south of the Volga is deeply dissected as far west
as Strawberry Point and Edgewood, where it prus,s es into undulating prairie. Her,e, in the southwest portion of the county,
ljes an area of Iowan drift in strong topographic contrast to the
remainder of the county. Old valleys have been filled and the
surface has been molded to gentle constructional sags and swells.
'J.1he topography of the remainder of the county is due to
long-continued and deep erosion. The northern townships and
a belt about eight mil,es wide along Miss]ssippi river are irreluded in the driftless: area. But outside the small area of Iowan
drift the older drift forms little more than a veneer and its topographic influence is generallY quite negligible. The topography
of the entire county outside of the Iowan driift plain, therefore,
is that of the driftless area. The ancient base plain of erosion
to which this area had been reduced has been uplifted to' more
than 1,000 feet abovle sea level. It has been deeply disis,ected
by its master streams and their numerous tributaries. Nowhere
are tabular areas: of any width left on the divides as remnants
of the ancient erosion level. The flanks of the broad interstream
areas have been carved to a maze of deep branching and rebranching spurs. The summits have been worn to broad-shouldered, g'ently rounding crests, which have been utilized. as the
sites of towns and villages and followed by the railways and the
more important roads. On these ridges ground water necessarily stands far below the surface, as it is held only by friction and capillarity above the drainage levels of the adjacent
valleys. Wells are deep and windmills are everywhere.
GEOWGY.

The Pleistocene deposits comprise the loess, the Iowan drift,
the Kansan drift, which extends over a large portion of the county, and the blue-black Nebraskan drift, the first deposit of the
ice sheets that invaded Iowa. The loess is a fine yellow silt or
dust deposit, which manUes the driftless area and the Kansan
drift with a maximum observed thickness of about twenty feet.
Well records .seem to indicate. that the loess has a thickness considerably greater than twenty feet in places, but it can seldom
be discriminated from other Pleistocene deposits. The drift
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rests on reS:ldual deposits derived by long pre-glacial weathering of the rocks. Where that rock was limestone the deposIts
consist of red cherty clay; where it was Maquoketa shale the
residual material is clay or "soapstone" differing little in composition from the original shale· but softer .and reddeIie~ by the
oxidation of its iron 'constituents.
The Niagaran, the youngest of the rock formations in Olayton
county (PI. V), is everywhere a buff dolomite, as a rule cherty
and heavily bedded, cutting under the drill to a sharp limestone
sand. Like other dolomites of the county it is liable to be called
"sand rock" by the driller, but the, cuttings are readily dis·tinguished from the rounded quartz gI.1aiIllS, of true sandstone by
their form and by their brisk effervescenc.e in hot concentrated
hydrochloric acid.
The Maquoketa, a variable formation, including clay shales
90 to 100 feet, cherty dolomite beds 30 feet, and basal shales
and impure limestones 60 to 180 feet thick, lies beneath the.
Niagaran. The shaly beds are known as mud rock or soapstone
by many of 't he drillers, or, where somewhat harder, as slate.
The Maquoketa forms the bedrock over the uplands of Garnavillo Ridge and of Monona Ridge west of Girard township: ' In
many sections the limestones are dark and more or less argillaceous.
•
The Maquoketa shale rests on the Galena limestone, the term
as here used including the entire body of limestone lying between
the Maquoketa and the Decorah shale, which, however, may be
locally absent. Beneath the Decorah is the Platteville, consisting of limestone wi,th a shale bed at its base. The Galena limestone has been changed in whole or in part into dolomite. The
thickness of the dolomitized portion may reach 200 feet, but the
depth to. whi~h dolomitization has extended· varies greatly.
Where dolomitized, the rock is hard, buff, and vesicular, cutting under the drill to . yellow sparkling sand or brownish crystalline sand; where undolomitized both the Galena and
the Platteville comprise commonly light colored rather soft limestones that are broken by the drill to flaky chips. 'T he total
thickness of the Galena, Decorah and Platteville at Elkader
,

,
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measures 285 feet. The combined thickness of the Decorah and
Platteville is fifty to sixty feet. The three formations constitute
the bedrock over a large part of the upland of the county.
Drillers distinguish alB> "oil rock" a brown petroliferous shale
which is found in many places by the drill and which outcrops
near the base of the Platteville; occasionally they report an oily
scum in the water when the drill is working in this shale.
The Platteville is underlain by the Saint Peter ,sandstone, a
white rock made up of rounded grains of pure quartz, so little
cemented that where quarried in the county for glass sand it is
readily broken up by the pick and a stream of water from the
hose. Even at Pictur'ed Rocks, below McGregor, where the sand
is highly colored and partly cemented by films of the iron oxides
deposited by ground water on the grains, the stone is so friable
that it is difficult to obtain specimens of any size. The observ-ed
thickness of the sandstone in the county ranges from forty to
eighty-five feet. The Saint Peter is not always recognized by
the drillers. Thus it is said to be absent in the narrow wedgeshaped tongue of upland separating the Turkey from the MissisIs ippi near their junction; at a depth corresponding to the horizon of the Saint Peter, however, there is reported ,a "river
sand, " which may be assum,ed to be the upper layers of the
~aint Peter; it underlies a shale, which is probably the basal
shale of the Platteville.
Next below the Saint Pet~r is the Prairie du Chien stage,
comprising the strata formerly known as the Lower Magnesian
limestone, and consisting of an upper dolomite (Shakopee), an
intermediate sandstone (New Richmond), and a basal dolomite
(Oneota). The total observed thickness measures 230 feet. It
outcrops only north of Guttenberg along the Mississippi bluffs
and for four miles or less up the valleys of the tributary creeks.
The dolomites of the Prairie du Chien stage are hard, light gray
or white, and in many places are cut by the drill into fine sharp
limestone sand. They may be distinguished by the driller by
their lithologic character and also by their position between the
Saint .Peter and the Jordan sandstones. The New Richmond
sandstone is inconstant, but quartz sand is not uncommon in the
dolomite, either as interbedded layers or as disseminated grains.
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The Jordan sandstone, the lowest rock ,o utcropping in the
county, is made up of pure quartz and is generaUy of coarse
grain. In Isome lay,ers the grains are firmly cemented with lime
carbonate; in others they are incoherent and show little interstitial matter. At McGregor the Jordan is so soft .as to be readily
.excavated with the spade for cellars and vaults in the hillsides.
Here it rises 70· feet above the level of Mississippi river, though
two miles below the city it sinks from sight below the flood plains
of the stream. It .outcrops only along the bases of the river
bluffs in the northeastern townships, but it underlies the entire
county and the waters stored in its pervious layers are accessible
to the drill.
UNDERGROUND WATER.
SOURCES.

Gravels at the base of the loess locally yield sufficient water for
house supply. Gravels lying between the Kansan and Nebraskan
tills and probably at other horizons furnish a supply on the
prairie areas of the southwestern part 'o f the county, but are little
drawn upon elsewher,el. In an area of especially thick drift
stretching from the ,s outhwestern part of Grand Meadow township northeastward nearly to Postville many wells less than 100
feet deep draw water from drift gravels lying beneath 25 or 30
feet of yellow clay (loess and oxidized Kansan) and then pass
into blue till (either unoxidized Kans'a n or Nebraskan), beneath
which sands and grav€l are again found on rock, or water is
found in broken limestone or residual flints beneath heavy drift.
About 160 feet of the lower portion of the Niagaran outcrops
in the southern townships of the 'county and on the ridge separating the Volga from Turkey river. In this area water is
found above the impervious shales of the underlying Maquoketa.
On the more level ground of the Iowan plain the entire body of
limestone may be saturated with water and yield a good supply
to wells that enter the rock a few feet. Thus at Strawberry
Point the city supply is obtained from wells drilled only 35 feet
into the Niagaran dolomite:. Here, as in many piaces in the
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southwestern part of the county, the porous and creviced limestone forms a reservoir in which waters descending from the
heavy overlying drift have accumulated.
Outside the dissected area covered by the Kansan drift the
Niagaran forms escarpments on the summits of the ridges and
is drained out for a considerable distance back 'of these outcrops.
The limestone beds in the Maquoketa furnish an important
water supply to villages and farms located on the . outcrops of
the formation. The water held in the median limestones of the
Maquoketa between the upper and lower shales of that formation is under good head, at National rising within 40 feet of
the curb.
The Galena and Platteville limestones hold large stores of
water in crevices and porous beds, the chief horizons being just
above the Decorah shale and above the basal shale of the Platteville. They are utilized by many farm wells ill the areas of their
outcrops and they form a very important supply on uplands capped with the Maquoketa shale ~r Niagaran dolomite. At Farmersburg water from the Galena rises within 40 feet of the surfaoo.
The head of the water in the Galena, Maquoketa and Niagaran
is considerably higher than that in the underlying Saint Peter,
so that as the drill enters the Saint Peter the upper waters often
flow through it, and the water in the tube falls. Although the
Saint Peter water· may not stand high in the well, the supply is
copious, permanent, and of excellent quality and is assured to '
any well in any part of the county which reaches its level.
The Saint Peter sandstone is the lowest formation reached
by wells. It is utilized in the northern townships, in the townships adjacent to Mississippi river, and even in the western and
central townships as far south as Highland and C()x Creek townships. The dip of the strata carries the sandstone increasingly
deepe,r south and west from its outcrops along the Mississippi,
so that 'on the ridges of the western part of the county between
Turkey and Volga rivers it is entered by wells ,a t depths of about
600 f,eet.
The waters in the underlying Jordan have not yet been tapped
in Clayton county. They are, however, everywhere accessible.
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FLOWING WELLS.

In the valley of Turkey river, from Elkader down to Motor,
wells sunk into the Saint Peter sandstone obtain flowing water.
At the £air grounds at Elkader the Saint Peter is reached about
110 feet below the water lev,el of Turkey river, or about 610 feet
above sea level; at the James Russell estate farm (section 26,
Boardman township) it was reached about 100 I£e.e t below the
river level; dnd at Fritz Freitag's, still farther down the valley,
at about the same depth. At Motor, four miles in straight line
southeast of Elkader, the Saint Peter is 155 feet below the river,
or approximately 525 feet above sea level. The head of water,
from 40 to 60 feet ·above the riv,er, encourages drilling at other
points in the area. Statistics 'of these wells are given in the
appended table:
Statistics of flowing weZZs in the Turkey Riv er VaHey.
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If the head of the Saint P.e ter water is the same up valley
as at Elkader flowing wells should be obtained at water level in
the river as far as the south line of section 22, Marion township.
As the head should increase somewhat upstream. wells in the
Saint Peter may yield flows as far even as the Fayette county
line. Down the valley from Elkader flows can probably be obtained from the Saint Peter at very moderate depths along the
entire vtalley to its mouth. The large number of springs, the

UNDERGROUND WATERS OF THE NORTHEAST DISTRICT

au

use of open and driven wells tapping alluvial sands and gravels,
and the use for stock of the nev€T-failing water of the spring-fed
river no doubt have prevented the exploration ;f the deeper
water beds; but the Saint P,eter .sandstone, with its inexhaustible
supplies, sho~d be found within 200 feet below the valley floor
at any point from Elkader to the Mississippi.
It is highly probable that in the valley of the Volga flows fr,om
the Saint Peter can be obtained from Osborne to the mouth
of the stream. The exact depth can not be definitely predicted,
as the depth to the Saint Peter is variable, and local chang,es or
reversals of the dip ,a re hidden from view. The data for prediction include an assumed uniform southwestward dip, the
elevation of the summit of the Saint Peter at Clayton, at 77.6
feet above sea level, and the elevation of the same horizon at
about 600 feet above sea level 14 miles west-southwest of Clayton; these give a dip of about 12.5 feet to the mile. If the ~ame
line be extended 10 miles west-southwest from Elkader to the
Volga ,a t the mouth of Deep creek, the elevation of the summit of the Saint Peter at the latter point is found to be 125
feet lower than at Elkader, or 475 feet above sea level. As the
level of the river is here 800 feet above sea level, the Saint Peter
would be found about 325 feet below the surface. If the w;ater
of this sandstone had no higher head on the Volga than at
Elkader, it would fall short of reaching the surface by about
40 feet. The Ifact that the head of the Saint Peter waters increases westward ·gives ground for hope that as far up vaney
as Volga flowing wells may be obtained. Taking a similar section from Clayton to Motor and using the data to calculate
the water prospects in the V:olga valley at Mederville, where the
level of the river is 710 feet above s'e'a level, the Saint Peter
should be encountered at 485 feet above ·sea level, or 225 fee,t
beneath the stream level. The head above the river here should
be equal to that at Elkader.
SPRINGS.

The springs of Clayton county are exceptionally numerous:
and large, and come from several well-marked geologic horizons.
The Saint Peter, exposed in a narrow strip along the bluffs
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of the Mississippi from Guttenberg north, gives rise to oozes
and springs where its edges outcrop. The Largest springs of the
county issue from the base of the Galena limestone. The limestone is creviced and even cavernous; definite channels have been
formed by solution py ground water moving down the dip, along
the floor of the impervious Decorah shale, to outlets along the
valley sides. The same sequence of soluble limestone and underlylng shale gives rise to the springs of the, limestones of the
Middle Maquoketa and those at the base of the Niagaran. Where,
as is often the case, these formations are cut by valleys above
their bases, these underground streams issue high above the
bottom lands in lateral ravines and can be 1ed down to village
or farm under considerable head, with power adequate for many
utilities. Springs are thus found along the entire course of the
Mississippi and along the principal creeks whose valleys have
been cut in rock.
CITY AND VILLAGE SUPPLIES.

Claryton.-The village of Clayton (population, 145) utilizes
two springs issuing from limestone about 75 feet above the
level of Mississippi river, leading the water through one-half
mile of mains down the principal street. There are six hydrants
from which most of the houses obtain their supply.
'Elkader.-The water supply of Elkader (population, 1,181) is
drawn froin two flowing wells, 182 and 184 feet deep, 25 feet
apart, situated on the bank of Turkey 'river. They pump 500 gallons a minute. A reservoir nearly 300 f.eet above the town affords ample pressure. There are two miles of mains, 28 hydrants
and 200 taps.
, If for any reason the city supply should become insufficient
it may be greatly increased ' by drilli~g to the top of the Saint
Lawrence formation, which here should be found 600 or 700 feet
below the surface at the city water works.
Guttenberg.-The water supply of Guttenberg (population,
1,873) is obtained from a dug well on the bank of Mississippi
river. . The water is liable to be contaminated by sewage, which
passes readily downward through the sandy alluvium of the riv,e'r
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terrace on which the town is built. Water is pumped to a reservoir, giving a gravity pressure of 105 pounds. There are 36
hydrants and four miles :oif mains.
The el,€)IVation at the corner of Herder and First streets is 630
feet above sea level, and an artesian supply might readily be obtained by drilling a well to the Jordan sands,tone. The summit
of the Saint Peter outcrops near the town at the base of the
bluffs bordering the Mississippi. The thickness lof the Saint
Peter is variable, but a maximum of 85 feet may be assumed.
The Prairie du Chien stage, which underlies it, is probably at
least 230 feet thick-the maximum thickness where it is exposed
along the river bluffs in this vicinity. At 315 feet from the surface the Jordan sandstone should be struck; a well 500 feet deep
should draw the available water from this horizon.
As the town is situated well out ,over an ancient channel of
the Mississippi, the drill will first pierce 100 or 150 feet of river
sands and gravels. 'T he Saint Peter sandstone will therefore be
cut out, and the bed in which the water-tight casing should be
securely packed will be the Shakopee dolomite. 11' shaly bed~
in the Prairie du Chien are competent to form a cover f'o r the
.Jordan sandstone the well should flow under moderate pressure.
If a well to the Jordan sandstone should not yield sufficient
water by natural flow the supply might be incr,eased by installing an air lift, by sinking other wells to the Jordan, or by deepening the well to the Dresbach or underlying Gambrian sandstones and tapping the water horizons which supply the McGregor wells.
McGregor.-The water supply of McGregor (population,
1,259) is drawn from a well 502 feet deep. Water is pumped
to ,a reservoir affording a pressure <Of 110 pounds. There are
24 hydrants and two miLes of mains.
The first ,a rtesian well at McGregor was drilled at the head of
Main street, about 60 feet above the lower part of the town,
where the deep wells were afterward sunk. The water reached
the surface but did not overflow. The well was about 500 feet
deep and ended in sandstone.
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City well No.2 (PI. V), completed in 1877, is situated in the
City Park and supplies one of the finest fountains in the ·state.
This well is 1,006 feet deep, six to three inches in diameter, and
is cas,ed with four-inch copper to a depth of 40 feet. The curb
is 632 feet above sea level; the water rises 62 feet above curb.
The flow is 630 gallons a minute. Water was found at a depth
of 317 feet and in all sandstone heds below to the bottom of the
well. At a depth of 520 feet salt water was found in four
feet of white sandstone. The temperature of the water is 54.5° F.
City well No.3, completed in 1890, is not now used. This
well is 520 feet deep and 6 inches in diameter; 3-inch casing extends to 215 f.eet and is packed at the base with rubber gasket.
The curb is 618 feet above sea level, and water 'originally rose
20 feet abo·ve curb. In 1895 the head was below curb. Water
comes from a depth'of 303 feet. Its temperature is 52° F.
The log of this well shows sandstone with white rolled grainil
at 250 feet, dolomite from 400 to 415 feet, and white sandstone
with well-rounded ~ains from 450 to 520 feet.
City well No,. 4, put down in 1898 by S. Swanson of Minneapolis,' is 502 feet deep and 12 to 8 inches in diameter ; 12~inch
casing extends to 70 feet and 9-inch casing to 200 feet. The
curb is about 618 feet above s,ea level. Water originally rose
a foot above the curb, but six months later it stood below thfl
curb. ·The tested capacity show,s that it is sufficient f.or the
city.
No records of the wells at McGregor are availahle, except
that afforded by a few samples described below from cursory
examination.
Descri ption

01

samples from city wen No.

4

at McG-regor.

Depth
Gravel ____________________________________________________________________________________
Sand, yellow, and gravel of pre-Cambrian rocks _________________________________ _
Sandstone, fine-grained, yellow _______________________________________________ _
Sandstone; as above, but coarser _______________________________________________ _
Dolomite. dark bluish, drab and lighter drab, crystalline _________________ _
Sandstone, ye Ilow ; with yellow dolomitic powder ___________________ : ____________
Dolomite,. bluish drab, arenaceous; in angular flakes and in sand __________ _
Shale, light blue ______________________________________________________ -_________________ _
Sandstone, calciferous, or dolomite, arenaceous, light gray ____________ ~ ______ _
Shale, fine, greenish ____ _______________________________________________________________ _
Shale, light green ______________________________________________________ -----------Sandstone, light gray. medium coarse; grains well rounded, far from
unlf'lrm in size -----c------------------------------------------------_:______________

in feet
85
60
60

70
74- 97
95
97-148
143-158

180
158-220
185

805
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Sandstone, pure white, medium coarse; grains well rounded, similar in
facies to Saint Peter _______________________________________ __ _______________________ 350
Sandstone; as above but fine-graineu________________________ __ _______ ______________ 400
Sandstone; as at 350 __________________,____________________________________________________ _ 415
Sandstone, light gray, calciferous, very fine_______ _________________________ _____ 444

J. Goedert's well at McGregor has a depth of 294 f.eet and a
diameter of six inches. The curb is 622 feet above sea level
and the original head was 22 feet abo,ve curb. 'T he well was
completed in 1889.
The following carefully kept record of one of the early deep
wens la t Prairie du Chien, Wisconsin, illustrates the geologic
section at McGregor. This record' has been modified by assigning the lithologic subdivisions given in the log as originally
published to the appropriate geologic subdivisions, and by adding a column showing the depth, in feet, to the bottom of each
lithologic unit. The lithologic descriptions have also been transposed, to ilccord with present survey practice. Another well
at Prairie du Chien was sunk to a depth of 1,040 feet without
reaching crystalline roc~s.
Strata in wen at Prairie

au OMen, Wisconsin.
.,'"en
I'l

~

.d

Eo<

A

:a"
Pleistocene (old channel of Mississippi river, 147 feet thick; top, 627 feet above sea
level):
1: Sand and gravel ___________________________________________________________ _ Feet
147
Oambrian:
Saint Lawrence formation (115 feet thick; top, 480 feet above seB level)2. Olay, tine, light blue __________________________________________________ _
i
S. Limestone, hard, arenaceous __________________________________________ _
2
4. Grit, blue _____________________________________________________________ _
6
5. Shale, bluish green, argllJaceous _____________________________________ _
107
,Dresbach and underlying Oambrian strata (697 feet pene'rated; top, 365 feet
a bove sea level)II. Grit,
Sandstone,
white, friable; alternating with hard streaks [Dresbachl ___
118
7.
blue ____________________________________________________________
35
8. Slate rock ____________________________________________________________ _
65
!I. Sandstone, reddish and yellow ochery________________________________ _
6
10. Shaly rock ___________________________________________________________ _
24
11. Sandstone, white [carrying brlnel ___ _____ ____ __ _________ ______ _____ _
4
12. Slaty rock _________________________________________________________ _
75
13. Sandstone ____________________________________________________ _
310
14. Sandstone, red ______________ ________________________________ ____ _
45
15. Conglomerate: white waterworn quartz pebbles ___ ____________ _______ _
5
lS. Sandstone, coarse _________________________________________________ _
10

Monona.~-The

15.

'"

Feet
147
147i
149
155
262
380

415
480
486
510
514
589
899

944
949
959i

water supply of Monona (population, 792) is
furnished by two deep wells and a spring. The wells are owned
'Wisconsin Geol. Survey" vol. 4, p. 61.

23
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by F. L. Wellman, are twenty-seven feet apart, are under one
roof, and supply the Chicago, Milwaukee & St. Paul Railway
as well as the town. They wer-e completed in 1885. One is 437
feet deep and the other is 448 feet. The wells are six inches in
diameter and are cas-ed for twenty feet. The curb is 1,216 feet
above sea level and tlle head 226 feet below the curb. The combined capacity is 70 gallcns a minute. 'rIte temperature is 51° F.
The water is lowered full depth by continuous pumping.
The water is pumped to a tank affording a pressure of 40
pounds, which is considered insufficient by the town oft1cials.
There are three miles of mains, 100 taps, ,and six' hydrants.
North McG1'egor.-An artesian well, 585 feet deep, belonging
to the town of North McGregor (population, 588), is used for
.fire protection.
The well is six inches in diameter and is cased 180 feet to
rock; the original head was about 17 feet abov,e. the curb. The
temper,a ture is 52° F. In 1904 tIte flow ceased, but was restored
with head of ten'feet by recasing.
.~\_--

Driller's log 01 North McGreg or city well.

Depth in teet
Dolomite, reddish __________ ______________________________________ ___________________________
800
Sandstones, white ______________________________________________________________________ 850
Sandston e, grayish whi te __________ ___________ __ _____ ____________________________________ ___ 392
Sandstone, white, pure, medium coarse; rolled grains of similar facies
to Saint Peter ___________________________________________________________________________ (20
Sandstone, white, fine-grained__________________________________________________________ (23

Strawberry Point.-The water supply for Strawberry Point
(population, 1,052) is obtain,ed from two wells, 160 feet deep
and ten feet apart, penetrating 125 feet of drift and 35 feet of
the underlying Niagaran dolomite. Water is distributed from
a standpipe 110 feet high with a capacity of 800 barrels. There
are six hydrants and one-half mile of mains.
The sinking of deep wells is not recommended at either Strawberry Point or Edgewood, ,a s the high ,elevation above sea level
of these towns (Strawberry Point 1,217 feet and Edgewood 1,165
feet at Chicago, Milwaukee & St. Paul Railway tracks) makes it
impossible to obtain a flowing well. The Saint Peter sandstone
, should be found at ,about 350 feet above sea level, judging from
its steep dip of more than eighteen feet to the mile from Elkader
to Manchester; the Pr,a irie du Chien and the Jordan lie about

I
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500 feet deeper; to reach these waters wells at Edgewood must be
sunk to a depth of 1,315 feet from the surface and at Strawberry
Point to about 1,365 feet. The water in the Saint Peter sandstone would stand sev'eral hundred feet below the surface.
Minor supplies.-Information in regard to water supplies in
the smaller villages and the typical wells used throughout the
county is presented in the following tables:
Village supplies in Clayton county.

.,...

...

.,0.0
...
1>:]

:;;
Town

il'

Nature of
supply

....
,d

Po
.,

...

g

.oil'
"'0

+'3-g

Po
.,

",.,

til

A

Springs

,d

"'.,.0

g.o

A

0
0

00 .

SOl1rce of
supply

0

,!oj

A

Feet
Feet
Feet
Feet
Edgewood ____ ·Wells
12- 16
12 ____________
6-8
Farmersburg _ Drilled wells __ 50-160 ________ Galena to
-40
30
Saint
Froelich ------ lDrilled
wells
Peter.
5 50-'- }
and cisterns - 100-200 ------- Limestone_ 1 100-175
10-2:)
_________ _
Littleport ___ _ Driven wells ___
15 _______ _ Gravel
Luana
Drilled wells __ 70-100 60- 90 Limestone _
60-70
40
NationR.l _____ Drilled wells ___ 50- 80
75 LImestone _
-45
20
Sand and
-10 _________ _
Volga _________ Dug and driven
wells _________ 10-100
15
gravel.

1

Small.
Large & small
Large
Large & small
Small

WELL DATA.

The following table gives data of typical wells
county:

ill

Clayton

Typical wells in OZayton Oounty
,!oj

0
0

...

Owner

....0

Location

.
T.91 N., R. 3 W.

...

b.

2l

:]

'il'"

OJ

....-

0»

'0.,

,d

,d

,do.

.... 0.
0.:]

"'1>.
,,-

A

A

A

rn

Po
.,

Po
.,

Feet Feet

.,,,,

0

00.

Feet

'"
"' ...
0

Ql

.0.0

Remarks
(logs given in teet

oS:]
.,0

til

Feet

(Mallory).
L. W. Flenniken_ NW.! SE.; sec. 21

180

40

50 Olay -----

140 500 feet above 'rlver

J. H. Brown____ NW.; sec. 28_____

5S9

29

5SO Slate rock __

400 500 feet above river
OIay, 29; Umeston

Diameter, 6 Inches

(Niagaran) ,
200
shale (Maquoketa)
200; Umestone (G a·
lena), 160. Yield
S gallons per mln·
ute. Diameter, 5
Inches.
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Typical wells in Clayton County-Continued
-"I

<>

...
0

LNation

Owner

...
0

....,

I>.

Q

M. Poolc ____ SW.t sec. 28____ _ 237
W. O. Barnhurt_ Sec. 21 ___________ _ 70
!~.

I

I

.....

I>.

::I

~

o~

.rl

~~
... 1>.

Q

1>.::1
.,'"
Q

....,I>.

.rl

....,os...

~

oS
• (logs Remarks
gtven tn feet
D.o

.,

0

.

"".,<>
... .
os::l

(,)

~

::101>.

rn

tIl
1110 Diameter, .6 inches.
55
Do .

-------------

80
24

140
65

31

145 Limestone __

----'*--------

T.W N., R.6 W.

(Sperry)
F. E. Ambrose ___ NW. l sec. 14 ______ .

146

31

Water at about 55
DIameter, 6 Inches

T.98 N., R.6W .

,

(Highland) .

O. Duff __________ Sec. 20 -----------Henry Baars ____ SW.l

John Rlnkerts ___ 1
T.

~2

NE.~

sec. 86

mile west
Baars.

01

56

25 ________

Sandstone __

665

do. ___ _

527

Valley! Diameter, 6
inch$.
415 Yellow' clay, 15; rot
ten yellow sand
stone (Niagaran)
20; blue shale, 205
limestone,
350
snaJe,
10;
lime35;
clear
stone,
Saint
sandstone,
Peter, SO. Bottom
about
495
feet
above sea level.
30

N., R. 5 W .

(Oox Oreek).
Henry Jennings _ Sec. 5 _____ ___ • __ _ 120
Town ,, ___ ...___.. __ Volga --_____ ____ _ 25
L. Beute ________

SW.~ NE.~

sec. 11

Henry Leubke ___

SE.~ NW.~

sec. 4_

100

110

____________ _

Diameter. 5 inches.
____ _ 100
20 Flood Plain of '.rur
key river.
Diam
eter, 3 teet.
515
265 Struck
SaInt Pete
sandstone.
589 ______________ Sandstone __
349 Yellow
clay.
60
shale, 140;
lime
stone, g71; shale
green, 8; Saint Pe
20 Gravel

i:~tt~~d~~g~t ~i
above sea level.

T. 95 N., R. 6 W .

(Grand Meadow).

Oharles Shultz --- aW .l SW.l sec . 21
T. Gordon --_____ Sec. 6 ___________ _
T .94 N., R.6W.

clay.
20
Quicksand.
140
loose flint (resld
uaI), 5. tIll
. from 40
66 _____________ Gravel ____________ Blue-black
to 60, gravel below.

165

160

160 'Loose flint' ______ Yellow

resIdual.

I

(Marlon).

------------------- NE.l SW.l sec. 16

----------------- --- SW.l NW.i sec. 4
___________ _________ NW. i NW. i sec.

n.
Mrs. Dowder ---- NW. i NW. 1 sec.
lB.
W. Houg ________ NW. l NW. i sec.
23.

T .95 N., R. 4 W.

(Girard) .

150 ------ -------- --------- -----

-------- -------- ..... ---------- Sandstone --

75

20

115

80

2S7

60 -------

120

Limestone

--- ... -- -------- ---- do.

--

----

115

Ravine; all lImestono
from curb.

57 Sand rock at 20; end

in blue clay. '

20 Yellow clay, 40; blu
till, 40; sandstone

35.
Ridge. Drift., 60; blue
sbale, 100;
sand
rock, 7'1'.
100 Ridge. "Sandstone'
brown, 50; shale
blue, 50; Umestone
225

20,
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Typical wells in Clayton Oounty-Continued
,!oj
()

0

Owner

....s:="
...
"""
0

Location
.s:=

15.
.,

~

~

J. Sm:rzer ------

8~

mUes east of
Monona.
I. W. Tewes ______ NW.i NE.i sec. 17

404

~~

....,"

I

01

~
01>-

.." .""
"-

.s:=""
""::I

~

""
'"
'9.,
::I

()

"I>-

gp-

17}

~

0

Remarks

4l

(logl given in feet)

p.p.

as::l
"'"

~"

I

__________________________ ______ To sandstone, 288.

405

45 ________ Sandstone __

375 Water in Saint Peter
sandstone; terno. 48
degrees F. . Dlam·
eter, 6! Inch~s.

i SW. i sec.

370

83

370 Sandstone __

A. E. Schroeder __ NW.1I SW.1I sec.

275

40 180-225

Gustav Ditmar --- NW.1 SE .; sec. 30

276

40

270 On shale__ _

40

254 Limestone __

Olay, 83; limestone,
222;
Saint Pete
(shale and sand,
clean sand at bot
tom), 115. W •.ter
at bottom of Saint
Peter iu large sUP
ply.
185 I,oess, 40; limestone,
185; shale blue, fos
sillferotls, 6; lime·
stone, 89;
shale,
blue, 4; Saint Pete
sandstone, 1.
215 Limestone, 230; shale
5. Water in shale
(large supply).
167 All limestone below

T.92 N., R. 2 W.
(Part of Jefferson).
Peter Burr ------ SW.

29.

7.

Limeston~

on shale __

L. Mueller ------- NW.l NE.l sec. 31

257

N. Niehause ------ NE.lI SW.l sec. 33

367

T.92 N., R. S W.
(Part of Jeffer·
sonJ.
Wllliam Ball ----- NE.1 NE.i sec. 28

408

30 ______ JLlmestone __

120

80

P. J. Schmidt ---- N.

~

SE.

i sec.

15

40.

349

120

-li------------

Curb about 940 above
sea level.
Olay,
40; limestone, 260;
sbale, 10; light col·
ored sand from 840
to 842; limestone
from 342 to 380;
shale, blue, 7; foot·
ing in reddish sand
and gravel.

183 Oil rock at 380; wa·

ter above oil rock;
a weak vein.
60 Olay, 80; slate, 20;
brown hard rock,
20.

T.93 N., R.6 W.
(Boardman) .
SE.

i sec.

8_____ _

449

George Oassuth __ SE.i NW.i sec. 21

219

T.9S N., R.4 W.
(Read and Part
of Garnavlllo).
S. Schmidt ------- SE.

,i SE. i see. 7 S98

40 _______ _

80

Divide. Ytllow clay,
40; soapstone, 40;
slate with water,
20; soapstone, Umestone, Saint Peter,
at 436.
______ Yellow clay, 24; sand
216 Slate ----with a little water,
4' yellow clay, 2;
soapstone, 85; Slate
with water, 15;
soapstone, 20; lime
stone to 219.

20 ___ _____ Sandstone __

244

844 Ridge.

Yellow clay,

20; llmestone, 210;

soapstone,
70 ;
slate SO' shell, 8;
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Typical wells in Olayton Oounty-Continued
,!oI

Ow ner

..."0
Location

•John Minger _____ SW.~ :m.li; sec. 15
J. S. Graykill____ NW.~ NE.t sec. 23
John Patrick ____ NW.; SE.i sec. 23

O~

(5

~

oS

.c

.d

"

"

Po::>

"..."
::>-

Q

~

rn

P.

'1'. 91 N., R.4 W.
(Elk) .
____________________
Sec. 33 ___________
T.91 N., R. 2 W.
(Millville) .

~

I

""
"'
::>

"'",,,,,
.c""

~

T.9S N., R.5 W .
(Monona).
SeIder, Luana

B

...

21
as

P.

"'"

~

0""

"

.0.0

""os::>

Remarks
(loge given in feet)

...

""
=

hard limestone, 40;
hlue soapstone, 5;
Saint Peter sandstone, 15.
About
611 above sea lcvel.

80 ______________ Gravel ______ ______ Water-bed gravel below blue-black till.
213

92 ____________________ _

233
45 __ ______ Hard rock __
266 __________ ____ ___________ __ _ 188 Hill.
66 ______________ Rock _______ _ 246 Insufficient supply .
18
William Smith ___ NW.li; NE.~ sec. 15 220 ______ ________ ______________ 200 Large supply.
A. Brockman ___ _ SE.~ NW.; ser.l0
30 ----- _________ Sand _____________ Dug well on bottoms.
J . Beeker _________ NW. ~ NW.; sec. 290
40 ________ !Limestone __ 268 Footing
In
shale
16 ______________ _
(Pia ttevllle).
L. Troester ______ S. ~ sec. 7___ ____ _ 90
30 ____________ do. ____
30 60 feet solid Galena
limestone;
house
well.
J. T. COllins _____ NW.l NE.l; sec. 17 140 ____ __ ________ ______________ 100 Loess, 30; blue clay,
70; black hard slate
from 117 to 140.
30
____________________ Loess, 24; red flint
E. Smith --------- NE.l: SW.; sec. 361 225
(residual), 6; limestone, 188; slate, 7.
A. Andrus _______ SE.l; SW.l; sec. 26 330
30
_____________ £05 Drift, 24; red flint,
I 6; soft limestone ,
110; light colored
limestone, 185;
sbale, 5.
T. 95 N., R.l W.
(Bueno Vista;.
J. Hnfel __________ SW.i SW.~ sec. 20 255 _____ • ________ ______________ ~15 Shale, 120; limestone,
60; 011 rock; water
In limestone below
oil rock.
38 ___________ _________________ Limestone from 38 to
Hafel __ __ ____ :NW.~ SE.a sec. 20 243
235; shale, 5; flne
soft sandstone of
white quality, 8;
water at 170.
Frank Nagel _____ NW.i NE.li; sec . 20 280
aD
275 Limestone __ 250 All limestolle; water
in crevice.
R. Meuth ___ _____ NE.~ sec. 2L ____ _ 230
30
220 _____________ 200 .Loess; residual red
flints; limestone 10
220; blackrock bard,
In
chips,
with
water, 10.
A. Weeks ____ _____ SE. ~ sec. 22 _____ _ 220
30 ________ ______________ 180 Olay, 30; limestone,
130; dark rock, 60.
Charles Wales ____ NW.
~ NW.ll sec.
70 ______________
75 Unil~r bluff; IIght31 ______________
_ 167
colored clay, 60;
black slate,
10;
dark limestone, 30;
oil rock, 5; lime·
stone, 1; 011 rock
with blackj ack, 5;
limestone with pock.ts of blackjack,
:18: glass rock, 18;
strong vein.
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DELAWARE COUNTY

BY W. H. NORTON.

TOPOGRAPHY.

The topography of Delaware county is somewhat complex. In
the northern part lies a rugged upland of loess-covered Kan~an drift, dissected in interglacial time by the headwaters of
streams tributary to Turkey river. A similar tract of maturely
dissected Kansan extends from Earlville and Delhi south along
Maquoketa river. and other insular patches of upland occur in
Richland and Coffin Grove townships.
Bordering or surrounding these areas, of rugose uplands lies
the plain of Iowan drift, its fairly level surface diversified with
low, ice-molded swells of stony clay and glacial grav'els.
GEOLOGY.

Three drift sheets ar,e represented in the county. The Iowan
drift sheet, the uppermost of the three, is comparatively thin.
The lowest, the Nebraskan, is revealed in wells where an old
soil bed (Aftonian) separates the basal stony clay from th2
overlying Kansan drift. The Nebraskan and the Kansan tills together make up the great bulk of the drift deposits of the county.
The loess, a yellow silt, too fine for sand and too coarse for clay,
is spread as a blanket over the dissected surface of the Kans,an
uplands.
In well r,ecords it is very difficult to distinguish the different ·
deposits of the drift. Even the pebbleless, soft yellow loess
may not be set apart from the brighter yellow, hard, and stony
Kansan drj,ft on which it lies, although their discrimination on
the spot is ,extremely easy. In the contents of the slush bucket
it is hardly possible for the driller to distinguish the oxidized
Iowan drift from the still more highly oxidized Kansan till, and
yet more difficult to' separate the blue unoxidized Kansan from
the blue Ne,b raskan drift on which it rests. In places, however,
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the Kansan till is covered with old, rusted glacial gr·avel (Buchanan), which separates it from the Iowan drift. In some
places this gravel has been left heaped in hills; in others it
underlies low plains or occurs as outwash in the river v,alleys.
The basement rocks underlying the county beLong to three
formations. The youngest are Devonian limestones, which are
supposed to lie beneath the heavy cover of drift over an area
comprising about seven square miles in the extreme southwestern part of the county. Next in age is the Niagaran dolomite,
which forms the bedrock over nearly the entire county. It
outcrops in many sections and, where concealed from view by
the mantle of drift, is discovered beneath it by the drill. The
lowest rock exposed is the Maquoketa, a bluish, plastic shale,
which outcrops in the deep valleys of Elk creek and Little Turkey river and is reached by wells in different parts of the
county (See PI. VI).
UNDERGROUND WATER.
SOURCE AND DISTRIBUTION.

Drillers in Delaware county, as in other counties of eastern
Iowa, report a general lowering of the surfaee of permanent
ground water during the last two or three decades, leaving
dry or inadequate the drift sands which in earlier years were
sufficieI).t tOo the needs of the population. Twenty years ago on
the Iowan drift plains about ManGhester ground water stood
within 50 to 75 feet of the surface and wells of that depth sufficed; at present most wells in that area exceed 100 feet .a nd
penetrate the rock. In many wells which have not gone dry
a distinct lowering of water has been noticed, amounting to as
much as 20 feet.
Exceptions to the present insufficiency of the drift strata may
be noted where drift s·ands are unusually thick, as in buried
river channels, where they are unusually extensive overlying
the rock, and where outwash sands whose upper surface lies
little above the level of a river are well supplied with water
from higher ground adjacent. Thus on the east side of Honey
creek, from Manchester nearly to Millhe.im, driven wells in
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sand are used. An ancient bed of the Maquoketa at Rockville,
filled to a depth of 80 feet with sand, supplies farm wells in that
locality. At Manchester, where Maquoketa river now flows over
a bed of rock, a wide ancient channel, 100 feet deep and filled
with sand, lies but two blocks from the river banks and is utilized
for many house wells. At Sand Springs also wells are sunk
through sand to a depth of 75 feet, where they reach the Niagaran dolomite, and obtain water that rises within one foot of the
surface. On the prairie southwest of Petersburg wells still find
water in glacial gravels overlying rock. A belt of exceptionally
thick drift passes east of Ryan through Hazel Green and into
southwestern Milo township. Several wells reported from this
belt show drift from 200 to 240 feet thick, and each of . these
wells enters rock for a few feet, probably to secure attachment
for the casing.
'T he drift over most of the northwestern part of the county
is chiefly of a hard blue stony clay or till, with included sand
veins four to six feet thick. In places it is 15 feet thick, but at
present it does not afford -a supply of water adequate for the
ordinary farm. Most of the wells are sunk to the underlying
rock.
Over much of the county, especially in the northern and eastern portions, where the Niagaran approaches or reaches the
surface, water is found at varying though usually moderate
depths in the country rock.
In the southeastern part of the county wells commonly find
water above the base of the Niagaran and the summit of the
underlying impervious Maquoketa shale. Northwest of M'ollticello few wells exceed 80 to 100 feet. As the Niagaran in the
southeast townships attains a thickness, according .to some well
sections, of 160 to 200 feet, wells not infrequently find water
at depths of 80 and 100 feet at a greater or less distance above
the floor of the shale. Six miles southeast of Delhi a well entered the Niagaran at 40 feet; at 200 feet it encountered loos'e,
caving, shelly rock; and at 280 feet it struck a mud-rock shale,
both the caving rock and shale being ref,erable to the Maquoketa. ' The mud-rock shale was penetrated to a depth of 120
feet, the total depth of the well being 400 feet. The boring was
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abandoned before it reached the Galena limestone, and a new
well, located 50 feet from the first, found plenty of good water
on the shale.
In Delhi township, occupIed largely by ,a n area of Kansan
drift, the thickness of the drift varies from practically nothing
to 240 feet and wells find water in the subjacent limestone at
depths of 60 to 225 feet from the surface of the ground.
In the northeast townships of the county much the same conditions prevail as in the southeastern. W,ells 100 feet deep
draw water from glacial sands on the Iowan prairie southwest
of Petersburg, where rock is reached as a rule. In Colony township, in an area of well-dissected Kansan drift mantled with
loess, blue Kansan till is heavy and wells find water in the
subjacent limestone.
The Maquoketa shale, brough t up toward the nqrth and east,
by the general southwestward dip of the strata, outcrops at
Rockville and in the valleys of Little Turkey river and Elk
creek. Hence the depth of wells in the Niagaran decreases
toward Dubuque and Clayton counties. In northern Colony
and Elk townships the deepest wells penetrate the Maquoketa
shale .a nd resemble those described in the adja0ent parts of
Clayton county.
In the four northwestern townships no wells ,a re reported as
reaching the Maquoketa, all finding water either in Niagaran
dolomite at different depths or, less commonly, in the sands
and gravels of the drift. Wells seldGm exceed 160 feet in depth:.
although some are as deep as 265 feet, penetrating the Niagaran
to 200 feet.
In the southwest townships the drift thickens toward the
south and west. The deep drift east of Ryan, due probably to
a buried channel, has already been noted. To the east of this
"deep country," as the drillers term itJ the rock rises to the
surface at Maquoketa river. A mile west of the buri~d channel
rock approaches within 50 feet ·of the surface of the Iowan drift
plain. In southern Prairie township wells are drilled from 70
to 100 feet and mor:e in the Niagaran dolomite ·a fter passing
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through from 80 to 120 feet of drift. In Adams township the
same conditions prevail, except that in the southwest corner of
the township the bedrock belongs to the Devonian system.
The deeper Ordovician and Cambrian sandstones lie too far
below the surface to be reached with profit, except for the water
supply of the largest towns. It is from these affiuent sources
that the supply of Manchester is dr,awn, the artesian well of
that city being 1,870 feet in depth. (See PIs. VI and VIII.)
SPRINGS.

Delaware county is favored with many large springs in all
parts except the southwestern, where the country rock is deeply
blanketed with drift and the area has suffered but little dissection.
A well-marked spring horizon occurs in the Niagaran dolomite below the base of the Pentamerus zone, which lies 150 feet
above the summit of the Maquoketa shale along Elk creek.
From this horizon issue the copious springs which supply Spring
creek in southern Delaware and northern Milo townships, and
the waters of which are utilized by the large fish hatchery of
the United States Bureau of Fisheries near Manchester. Other
large springs from the same horizon occur near Hopkinton,
near Millheim, and at different points in Honey Creek and Delaware townships along the valleys of the creeks tributary to
the Maquoketa. In Richland township many springs issue from
the same beds at the base of the picturesque limestone cliffs
north of Forestville known as the "Devil's Backbone."
A still lower horizon is at the contact of the pervious and
creviced Niagaran dolomite with the Maquoketa shale. The
underlying impervious bed ,of shale collects the water descending
through the limestone and leads it down the dip to outlets where
valley and ravine have trenched the strata. Dissolving little
by little the ' rock through which it seeps, the ground water has
developed a system of passageways in the transition beds overlying the shales and issues from its trunk conduits in powerful
springs. 'T he many springs along Elk creek and its numerous
branches in Elk and Colony townships emerge at this horizon.
A few examples of these fine springs must suffice. The spring
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of L. Schnittjer, section 26, Delhi township, issues with a temper,a ture of 52° F. from the Niagaran. The water is lifted to
a convenient level for domestic use and the watering of stock
by a hydraulic ram-a device also used by other farms in the
vicinity. The Silver Spring Creamery, Delhi, uses two springs
issuing from the Niagaran dolomite at the bottom of a ravine.
Like most .of the springs of the county the water carries no
, sediment, and its flow and clearness are not affected by storms
or wind. The water flows througb the creamery where it is
used for all purposes. The temperature is stated to be about
50° F. Big Spring, section 3, Colony township, issues from the
base of the Niagaran, as does the spring of J. D. Chase, of
Greely, which flows from 100 to 120 gallons a minute. From the
same ,horizon issues the spring of J. C. Odell, section 16, Elk
township, whose discharge is ten barrels or more a minute and
whose water is carried by a flume 40 rods long and develops
30 horsepower. It is utilized to run ,a gristmill. The temperature is stated to be 48° F.
CITY AND VILLAGE SUPPLIES.

Barlville.-Earlville (population, 552) draws its water supply from a well and uses it chiefly for fire protection. The
pressure is 39 pounds ,a nd there are 11 hydrants and one mile
of mains.
Hopkinton.-Water for Hopkinton (population, 797) is ob~
tained from ,a drilled well 83 feet deep and 8 inches in diameter.
Water is found in the Niagaran dolomite, which the well enters
at 30 feet. The Maquoketa shale was reached by the well.
Water rises within 40 feet of the surface and is lowered but 5
feet under pumping. It is pumped by gasoline engine to a tank,
which supplies a gravity pressure of 55 pounds. 'T here are
3,300 fe~t of mains and '7 fire hydrants.
Manchester.-The supply for Manchester (population, 2,758)
is drawn from an artesian well 1,870 feet deep. (See PIs. VI,
VIII.) The well is 10 inches in diameter to 260 feet, 7 inches
to 890 feet, .and 6 inches to 1,650 feet. A 7-inch casing extends
from 260 to 890 feet, and Ii 5-inch casing from 1,300 to 1,650
feet. The curb is 926 feet above sea level and the head is 14

UNDERGROUND WATERS OF THE NORTHEAST DISTRICT

366

feet' below the curb; with the Niagaran waters cased out the
head. is' 150 ' feet below the curb. The tested capacity was rOriginally 200 gallons a minute and is now 250 to 300 gallons a minute
from depths of 1,200 to 1,296 feet (Jordan) . No water was found
below 1,500 feet. No repairs 'Q.ave been made. The temperature
after 10 hours' pumping was 48° F. The well was completed in
1896 by J. P. Miller & Oompany.
Previous to' the completion of this well the water supply Df
Manchester had been an excellent spring, situated near the
business portion of the town on the banks of Maquoketa river.
A rese.rvoir excavated in solid Niagaran rock :r:eceives the water
of the spring, and to develop the flow to the utmost several
wells of moderate, depth have been drilled within it. As the
water was insufficient to supply the increasing population of
the town, it was wisely decided to sink an artesian well, and a
site was selected adjoining the reservoir and some 24 feet
higher than the water in it.
While the drilling was in progress to at least a depth of 1,400
feet, water stood in the shaft at about 14 feet from the surface,
and there were indications that this height was due to the influx of water from the spring. When water-bearing strata
were :reached at 1,200 feet and below, and the well was cased to
260 feet, the water dropped to 150 feet from the surface. On removiI;lg the upper casing to a depth of 260 feet, the water again
rose within 14 feet of the curb, and on the final pumping test
of the well the spring adjacent nearly ceased flowing. The
well, therefore, receives a supply of water from the Niagaran
d.olomite from the, same source as that of the spring. The Saint
Peter, is cased out, if the record is correct, and it is not known
whetl;ieror not it is water bearing. The main flow seems to
come from the Jordan sandstone, from i,200 to 1,296 feet. Below 1,500 feet it is reported that no water was found-a remarkable fact, as the drill penetrated the entire thickness of
the presbach sandstone.
Th~ lower' flow alone was tested wi~h a pump thr,owing 75
gallons a minute for 24 hours without lowering the water. On
the nnal test of all waters with a pump throwing from 160 to
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200 gallons per minute from a 7-inch pipe 200 feet deep, the
water soon sank to 33 feet from the surface and there remained
during the entire test of 20 consecutive hours.
The pumping cylinder is now set 200 feet below the surface
in the well and the engines also pump from the spring reservoir.
When the deep-well pump is in operation no water flows from
the spring and the reservoir is drained. When the pump ,of the
spring is working at its maximum the pump of the deep well
jerks as if sucking air. The spring ,alone supplies about 40,000
gallons a day. The deep ' well pumps from 250 to 300 gallons
a minute all day without difficulty. In this connection should
be noted the abnormally low temperature of the water pumped
from the deep well after 10 hours ' pumping and some 20 minutes after the pumping from the spring had ceased. Without
question the well receives from the Niagaran a large amount of
water of low temperatur.e.
Record of strata in city w ell at Manchester .

Silurian:
Niagaran
dolomite
feet tbick;
top, 926________
feet above
sea level)buff; (225
6 samples
_____________
_________________________
_
Dolomite,
Dolomite, blue-gray, highly cherty; 6 samples ______________________ ____ _
Dolomite, blue-gray, cherty, pyritiferous, slightlyargillaceous ___ ______ _
Ordovician:
Maquoketa sbale (205 feet thick ; top, 701 feet above sea level)Sbale, blue, gray, green and drab; 18 samples __________________ __ __ ___
or dolomite,
dark drab, subcrystalline,
somewhat
Magnesian
limestone
argillaceous,
in lIakes;
2 samples __________________
_____________
______ ___
Shale, blue and gray-green; 7 samples _________________________ __________ _
Galena limestone to Platteville limestone (854 feet thiclk; top, 496 feet above
sea level)Limestone, magnesian, dark drab , argillaceous _____________ __________ ___ _
Limestone, light gray; earthy luster, briskly effervescent; 16 samples__
Dolomite, light yellow-gray, subcrystalline; stained with ferric oxide
much of the superior ______________
limestone in ______
small_
in
minute rounded
spots;
fragments
_____________
______________________________
Limestone, light and darker blue-gray; generally ratber soft; earthy
luster; in lIakes and chips; 20 samples ______________________________ _
Sbale, bright green , fossiliferous, containing Ortbis perveta Conrad,
Stropbomen8. trentonensis W _ and S.. and bryozoa (Decorah shale)
Limestone, light blue-gray, fossiliferous ___________________________ __ ____ _
Limestone, light blue-gray, earthy to crystalline; 11 samples ____ ___ ___
Sbale, green, somewhat calcareous ___________ ______ __________________ _____
Saint Peter sandstone (38· feet thick; top, 142 feet above sea level)Sandstone,
small
cbips of ____________________________
limestone, in which no embedded
grains
are noticedwith
________
__ __________
---------------Sandstone, as above , but free from admixture; 4 samples _______ __ ____ _
Pairle du Chien stage-Sbakopee dolomite (65 feet tbick; top, 109 feet above sea level)Dolomite,
gray;
angular
sand , mostly Quartz sand _,
probably buff
from and
above;
8 samples
___________________________________
Dolomite, light gray___ ________ _____ ___________ ______________________ _
Dolomite, slightly arenaceous _________________________________________ _
New Richmond sandstone (49 feet thick; top, 44 feet above sea level)Dolomite,
higblyfacets;
arenaceous,
grains
rounded and some enlarged
by crystalline
2 samples
___________________________________
__ _

Feet
140

Feet
140

00

200

25

225

145

370

14
46

384

10
106

«0

430

646

10

556

142

698

5
8

703
711
777

66

7

784

8

787
817

18

835
877

30

42
5
11

882

893
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Record oj strata in city well at Manchester-Continued

DolomIte, gDlly, arenaceous; some light drab shale__________________ _
Dolomite, arenaceous;
highly arenaceous shale; 2 samples__ __
_______________________________________________
Sandstone,
calciferous some
Dolomite, gray, arenaceous, with argillaceous powder__________ _
(2758 feet
thick;
top, 5 feet below sea level)Oneota
dolomite
Dolomite,
gray;
samples
________________________________________
_
Dolomite, light gray, arenaceous; 3 samples ______________________ _
gray; arenaceous
from 1,100 to 1,103 feet; 27 samples ___
Dolomite, arenaceous,
Dolomite,
gray ___________________________________________
Dolomite, highly arenaceous, or sandstone, calciferous; 4 samples __
Oambrlan:
Jordan sandstone (90 feet thick; top, 280 feet below sea level)Sandstone,
grains
rounded and ground, with considerable divers-_
ity in size;whIte;
7 samples
_________________________________________________
Shale, highly arenaceous and calcareous _____________________________ _
Sandstone, as at 1,256; 5 samples ______________________________________ _
Saint Lawrence formation (242 feet tbick; top, 370 feet below sea level)Dolomite, gray; some sand, probably from above _________ ____________ _
Sandstone, calciferous, or hIghly arenaceous dolomlte ___________________ _
Dolomite, light yellow-gray _____________________________________________ _
Dolomite,
gray; in fine sand mixed
with considerable
quartz sand; 2_
________________
________________________
samples ___________________________
Dolomite, light gray; in clean chips; a little sand from above ___________ _
Dolomite as at 1,346; 2 samples ___________________________________________ _
Marl, arenaceous. argillaceous, and calcareous; in fine gneen-gray
powder; 6 samples, all of a pulverulent powder, seen under the microscope to b~ composed of minute angular particles of quartz, dolomite, and chert, with much argillaceous material; glauconiferous___ _
Sandstone, fine-grained; In greenish yellow powder; argillaceous _____ _
Dresbach sandstone and underlying Oambrian strata (332 feet thick; top,
612 feet below sea leveJ)Sandstone, white; grains fine and rounded ______________________________ _
Sandstone; greenish argillaceous material mixed with drillings ________ _
Sandstone, fine; light buff from ferruginous stain_______________________ _
Sandstone, fine __________________________________________________________ _
Sandstone,
coarser; uniformly rounded, smooth surfaced gains of limpid_
quartz ___________________________________________________________________
Sandstone, white _________________________________________________________ _
Sandstone, yellow, glauconiferous; said to be argillaceous _____________ _
Shale, light blue, arenaceous, calcareous, somewhat glauconiferous ___ _

6
19
3
10

899
918
921
931

54

985
1,009
1,179
1,184
1,206

24
170
5
22

36

50
4

1,256
1,260
l,2il6

20
15
5

1,816
1,831
1,336

10
10
16

1,346
1,856
1,372

153
13

1,525
1,538

22
13
6
19

1,560
1,573
1,579
1,598

18
79
25
155

1,611
1,690
1,715
1,870

The water is pumped to a standpipe (capacity, 105,750 galIons) and distributed under domestic pressure of 50 pounds .and
fire pressure of 80 to 110 pounds, through 6 miles of mains, to
38 fire hydrants and 350 taps.
Ryan.-The water supply of Ryan (population, 511) for fire
protection is drawn from a drilled well 258 feet deep, which
enters rock at 90 feet. Water was found at 150 feet and rises
within 60 feet of the surface. The capacity of the well is 150
gallons _a minute. Water is distributed from an air-pressure
tank under pressure of 60 pounds. There are 400 feet of mains
,a nd five hydrants.
Minor supplies.-Information concerning the water supplies
of the smaller communities in the county is presented in the
following tables:
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Village suppUes in Delaware Oounty.

~
0

-0

Town

.c
....

-......

"

~

"

0.0

Nature of Supply

...

0.

Source of
Supply

i~
Q)"

.c"
0.'"

,,~

~

Compton ___________
Oolesburg ___ ______"
Delbi ______________
Dundee _____________
Greely ___ ___________
Masonville _____ ____
Oneida _____________
Sand Spring _______
Thorp . ______________

Gl
tIl

I

Feet
Feet
Feel
Driyen and drilled wells_____
12-150 __________
,10-20
No report _________________ ___ _____ ____ _________________ _
Drilled wells ___________ ______
75-100 __________ 65-80 Niagaran dolomite.
Wells _________________________
40-250
70-100
20-40
Do .
Drilled wells ___________ ____ ___
70-200
90 ________
Do.
Deep wells ___________________
65-140
90-140 50-100
Do .
Wells _________________________
50-125
60 _______
Do.
Driven and drilled wells_____ __________ __________ 1 in. Sand.
Drilled and dug wells________ 15-100 __________________ Niagaran dolomite.

WELL DATA.

The· following table gives da ta of typical wells in , Delaware
county:
Ty.pical wens in Delaware Oounty .
,!oj

"...0
Location

owner

B

.c

.c

"

~

'i>.

~

~

Source of
Supply

'i>.

'"

W. Montgomery__ 4 miles north and 1 108
mile east of COg·
gon.
R . Platten ________ 4 miles northeast 140
of Coggon .
T. Henderson ____ 4~ miles northeast
68
of Coggon.
A. Swidle________ Silver creek ______
70
Charles Beny_____ Northwest of Ryan 350

_______________ _____ S.
sec. 85 ________ 207
____________________ NE. 11 NE. 11 sec. 23 130
~

__________________ SW. i SW. 11 sec. 1 160
___________________ SW.i NW .i sec.S5 280

55

108

.0.0

Remarks
(Log given in feet)

-0'"
"':I

"'''
=

Feet Feet

T. 87 N., R. 6 W.
(Adams)
T. Williamson ____ 4 miles north of 305
Coggon.

0

Gl

Feet
___________________ _

55 20 feet

away a well
sunk to 160 feet
found
no
water,
rock being struek at
108 feet.
___________ _____ _____ _____ 108 feet to water bed.

80

_________________________ _

68

___ ____________ _____

18 68 feet to water bed.

80 __________________________ 70 feet to water bed.
200+ __________________________ Sandy soil, 2; clays to
6; soil, 8; Niagaran,
buff dolomite, 130;
limestone,
nearly
white, 20; blue sh ale,
Maquoketa, 48.
20 __________ _______________ 207 feet to water bed.
120 __________________________ Mostly
clay to
rock.
________________________________ All in drift .
120 _________________________ _
~

blu~

T. 87 N., R . 5 W.
•
(Hazle Green)
William Porter____ 8 or 4 miles east of 262
Ryan.
___________________ NW.1I SW.i sec.28 205

260

____________________

200

NE. 11 sec.B2 160

155

___________ __ ____ _________ High ground . Mostly
blue clay to ro~k.
__________________________ Somewhat
lower
ground than last.

G. Abbey _________ NW.

~

1

110
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Typical wells oj Delawa1'e Oounty-Continued
~

o

Owner

a;

Source of
Supply

Location

I:C

\

____________________ NE.

SE .

~

Feet Feet
sec. 28 242
240

~

'.r.87 N., R.4 W.
(Union and Part
of South Fork).
Southwest of Hop·
James O'Neil _____ kinton.
'1'.87 N., R. 3 W.
(Part of South
Fork).
Charles RooL _____ NW. ~ sec. 18______
Jacob Land _______ Northeast of Sand
Spring .
Mau er _______ 2J m iles south of
Worthington.
__ _____ __ ______ ____ _ NW.
NE.
sec.I
~

1'. 88N .. R . 5W.
(Milo).
____________________ NF..

~

200

80

200
125

10

208

16

162

20

NE. sec. 20 2]5
~ SW. ~ sec.2B ]90

~

----------------- ___ Isw.

~

Haynes _______ NW.~ NW.; sec. 33 2]0
-------------------- NW. i NW.~ sec .32 145
-------------------- NW.~ NW.i sec . 80 70
--- ---------------__ SW. ~ SW . II see .10 60
Charles Thorpc___ 7 miles south of 180
Manchester.
____________________ SW. 11 SW. scc. 2 85
~

T. 88 N., R. 6 W.
(Prairie)
-------------------- NW.~ NW.~ scc. 21 100
Lce M. Smitll _____ 4 miles southwest 100
of Manchester.
Sherman Harris __ _ 6 miles southwest 121
of Manchester.
--__________________ NE .~ SE.il sec. 10 185
___________________ _ NE.

~

Remarks
(Log given in leet )

-e
OS"
Ole;

~

SE.

~

sec. 6 120

Feet \
40 Much lower ground
than last two.

Niagaran dolomite ______ All blue clay to rock.

65

------------______________ Sand, 20 ; limestonc,
140; s hale , 2.

214 __________________________ High ground.
______ GravcL _______ ___________ JJower ground. Ends
in gravel CO feet
lower than the pre,Ceding and fo llowing.
200

130
. 50
dO

150

I

~~==================
======I
:::\~I;r:~ln~n. drif t.
--- --_______________
]5 Low ground; clay from
top to rock.
-------------_____________ Blue clay to rock.

15

BO

80

L"iU1CS-tOne========= ====== Blue clay to rock.

101
180
118

Do
-------------_____________ High knoll; ncarly all
, bluc clay to rock.

~ '.

88 N., R. 4 W.
(Delh i).
_____ _______________ NE. t sec. 18 _____ _
____________________ SE. ; NE. ~ sec. 10
____________________ NW .
sec .29
------______ ________ NE. i SW. ~ sec . 31
- -----______________ NW. 3 NW .; sec .22
_____ ______ _____ __ __ I~E. ~ NW .t sec. 22
___ __________ _______ I ~E. ~ SE . ~ sec. 14
----- -______________ S. 1; sec. 14 _______ _
_.. ___________ _______ W .
sec. 13______ _
- __.. ________________ SE. ~ NW. ~ sec . 24
Geo rge Morris _____ E. ~ sec. 28 ______ _
~

~

24

SW.~

125
185

204
220
65
165
214
150
168
225
141

63

50
100
35
100
100+
140

]5
40
46

165 _
_________________________
____________________ 200
____ ___ __________________ _
_________________________ _
_________________________ _
_________________________ _

____________________ 148
____________________ 150
__________________________ Bottom of ravine.
Drift or alluvium,
46 ; dolomite (Niagar an) , 75; "shell
rock" described also
as a "blne clay . "
(Maquoketa) .

I

'
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Typical wells of Delaware Oounty- Continued
.!4

."
....

~

0
0

Location

Owner

.d

.d

~

~

.,

~

.,

~

Feet Feet
T . 88 N., R. 8 W.
(North Fork)
Mrs . Georglan___ Rockville

Frank Kerns ______
_

80

miles south 01
Dyersville.
Harris ________ 2 miles south of
Dyersville.
2~

N. Felters--------- 2 miles northwest
of Worthington.

160
130
320

T.89N.,R.5W.
(Delaware)
West Side School_ Manchester ________ 105
________________ SW. t NE. t sec. 2S 75
School well ________ Manchester ______ 802

____________________ SW. t NW. t sec.15
____________________ SE. ; SE. i sec. Sl

51
92

____________________ Oenter of sec. 22___ 160

0

Source of
Supply

Gl

"'"'='.
t:l.o

Remarks
(Log given in feet)

""
=
Feet

- ____ Sand and gravel ________ MaQuoketa bottoms.
All sanddeposits,
and gravel.
12 __________________________ Surface
12;
limestone, 100; Ma·
Quoketa shale, 48.
10 Llmestone_______________ Surface deposits, 10;
.
limestone, 119; shale,
1.
90 ______ do ________________ Ridge.
Drift, mostly
blue clay, 90; lime·
stone, 70; shale, 150;
limestone, 10.
101

__________________________ All blue clay to rock.
Llmestone_____________ __ Blue clay to rock.
__________________________ Sand to rock; MaQUOketa shale struck at
220 feet from surface;
ends In shale.
60 Sand ____________________ Sand to rock.
90 _________________________ All blue clay to rock;
on
low
ground;
w0 u I d
overflow
years ago In wet
______ Gravel __________________ _ seasons.
50

104

T. 89 N., R. 6 W.

(OoUins Grove)
____________________ SE. i SE. ; sec.
110
____________________ (}enter 01 sec. 21__ 80
___________ __ _______ SE. ; SE. ; sec. 15 160

21,

102
72

130

___ . _______________ SW.; SE.; sec. S_ 130

122

___________________ NE.; SE.; sec. 4_ 120

90

NW I NW I sec 30 132
oiiiiries-'riioiP;::= I9 M~~~~este:.t of 140

Do ____________ 8 miles northwest
of Manchester.
T. 89 N., R. 4 W.
(Oneida).
D. B. Bushnell ____ 5 M~i~~es~::.t 01
T. 89 N .• R. SW .
(Bremen).
Ii miles northeast
------------------- 01 Earlville.
2i miles southwest
Henry Leseh y----- 01 Petersburg.
GroHman _ 5 miles west 01
-- - Dyersville.
_
Nachmano ________ do ----------Henry Gocrtz ______ 4 miles west 01
Dyersville.

120

==================:
==:::: Till
Ravine.
Llmestone _______________
to

rock; a lew
streaks 01
Qulcksand.to thin clay,
__________________________ Sand
overlying rock;
1
sand well In local~.

Llmestone_______________ Olays, 90; shell rock,
10; solid rock, 20.

130
-----100

GraveL:::::::::::: ----io

20

_________________________ _

Llmestone ______________ _

All blue
gravel.

clay

to

187

100+ _____ Sand - ___________________ Nearly all sand.
100+ _____ GraveL __________________ All saIId and gravel.
99

______ Sand ____________________ Flowing well from sand

119
85

___________ do __________ ______ under
Do blue till.
___________ do ________________ High prairie; nearly all
blue tm.
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Typical wells of Delaware County-Oontinued

I
Owner

.!oI

.'"
..
..., .,

~

0

Location

0

0

.<:I

Source of
Supply

.<:I

"'-

Po

A

A

Gi

P.
",P.

Remarks
(Log given in feet)

lIS"

.,::l

tIl'"

I

Feet
Feet Feet
25 ( Imestone ________. 126 High ground. Drift
25; limestone, 181 •

Henry Lichtenberg Si miles northwest 206
. of Dyersville.
T. 90 N. , R. , W.
(Elk).
A. B. Holbert___ Greeley -- .. ------ 265
T . 90 N., R. 3 W.
(Oolony). L __
_______________
Sec.

19 ___________

206

T. 9ON. , R. 6W .
(Richland) •
Hugh Mlddleton.._ Near Strawberry 265
Point.
Wood. ______ NW.
! NE.! sec.26 ISO
W. H. Sherwln.. __ Near Forestvllle___
John Roblnson ___ 6 miles ~.orthwest
ot Manchester.
AIUx
Schautner___ 4Schautner
____ _______________
miles sou-theBstStrawberry
ot
PoInt.

131
102
S86
230

{1~

I----------------- .__ ._- Diameter, 6lncbes .
I

____\s.., _____________ ------ Ends

In sand und er
heavy pebbly blue ti II

65

100
SO

80

250
230

Llmestone ______________ _ Drift, 65; limestone
200.
--------- ---------- .. ------ Yellow clay, 8; blue
clay, 92.

------------------- -------------- -- ---- ---- .. -----e;iD(i::::::::::::~:

--- ---

Blue till, 215.
I
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DUBUQUE COUNTY

BY W. H. NORTON.

TOPOGRAPHY.

The topography of Dubuque county is .composite. The eastern part, rising 600 feet and .more above Mississippi river,
which flows along its eastern border, was deeply gashed by the
tributaries of the master river during the long periods preceding the glacial epoch, ap.d the hills and valleys thus developed have been accented by erosion since that time. The western part ·o f the county, beca'use of distance from the main channels of erosion, was perhaps not so deeply and thoroughly dissected in preglacial time, and it has been blank,e ted with sheets
of glacial stony clays deposited by successive ice sheets from
the northwest. Its valleys have thus been partly or whoUy
filled ·a nd the sharp erosion profiles characteristic of the eastern
driftless portion of the county have been blurred or quite obliterated.
The youngest drift present, the Lowan, forms two long lobes,
one occupying the summit of the ridge reaching from Dyersville
to Epworth, the other stretching from Worthington southeastward down John creek valley. These are areas ,o f gently undulating prairie with a local relief on the more level portion;::
of not more than forty or sixty feet in a square mile.
'T he remainder of the wes1ern and southern part ,of the county
is occupied by older drift, the Kansan. Here the relief depends
on two factors-the degree to which the preglacial rock-cut
valleys were filled with drift, and the degree to which the drift
has been removed by streams since its deposition. The .time
since the deposit ·of the Kansan drift has been long enough to
permit a well-marked and fully developed drainage system to
be initiated or restored. Streamways are incised below the upland crests to a depth of 150 feet about New Vienna and to more
than 200 feet at Mellary. So broad, however,are the valleys
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that the local relief in places may not exceed 80 or 100 feet in a
square mile.
The Kansan drift extends as far east as Bankston and Centralia and southeast to the Jackson county line. It reaches the
edge of the main body of upland underlain by the Niagaran
dolomite, but fails to follow out upon th~ long $purs which
render the escarpment of this upland so strongly digitate. The
.
remainder of the county lies in the driftless area.
In this ,a rea broad fiat-fio.ored valley,s, have b~en 9pen~d ' by
the larger streams, such as the Little ;Ma,qU:qk~ta . " It.. m~i {i,e
noted that adjacent to the Mississippi there has b~en d.eyelope<;l.
a wide upland, now maturely dissected, standing about 240 feet
above the river and about the same: distance below the Niagaran
upland to the west. This upland is underlain by the Maquoketa
shale, and upon it are located the towns of Asbury, Julian,
Ricar'dsville, and Key West. The origin of the upland, which
is whol!y comparable to that developed on. the..Sain.t Pet~r: ~l9.;n{f
Upper Iowa river 'in Allamakee. e.ounty, need -ii(jf her.e-·1;>,~ ~i.s,,
cussed. Whether it is due · to cliff recession '· o( ~~.el.:~v:erly:i%
Niagaran or is a peneplain. uplifte9. and dissected' it is of- special
importance in the water' ~:L1Pll\ir~(~~~" ~~~~ti~ '" ~"" ,,: ':" . .
..

GEO:(JOGl; • .... :

').

.

The :f'ollowing geologic formalions . are present , in Dubuque
.
county:
'".:-~

Quaternary:
Alluvium.
Loess.
Iowan drift.
Kansan drift.
Aftonian soil.
Nebraslmn drift .
. Siiurian:
Niag~ran dolomite.
Ordovician:
Maquoketa shale.
Galena dolomite.
Decorah shale.
Platteville limestone.
Saint Peter sandstone,
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Prairie du Chien stage.
Shakopee dolomite.
New Richmond sandstone.
Oneota dolomite.
Cambrian:
Jordan sandstone.
Saint Lawrence formation.
Dresbach sandstone and earlier Cambrian strata.

The following hypothetical geologic section is based on the
scanty and in places conflicting data supplied by the records
of the deep wells of the city of Dubuque. (See PI. VI.) The
thickness of the Galena dolomite is obtained by measuremeut
of its outcrop.
GeneraZ geoZogic section at Dubuque.

I

Thlck- f tion
Elevaof
ness stratum

Galena
dolomlte
to Platteville limestone:
____________________________________________________________
_
Dolomlte
Limestone, bituminous shale, green shllle_______________________________ .
Saint
Peter
sandstone:water bearing_____________________________ .______________ .
White
sandstone,
Prairie du Ohlen stage:
.
Dolomltes (Shakopee and Oneota), ar~aceou8 In places, New Richmond
sandstone perhaps at 876 teet, with some shaly beds ____________________ _
Jordan
sandstone:
.
.
Sandstone,
water bearlng________________________________________________
e.
Saint Lawrence tormatlon:
Dolomltes
and shales; dolomltes
to sea level, shales, red marls, arenaceous_
and glauconlterous
________________________________________________
Dresbach
sandstone:
Sandstone, water bearing ______________________________________________ _____
.
Unnamed Oambrlan strata:
Shales _______________________________________ .----------------------------Sandstone, water bearing above_________________________________________ _

Feet

237

Feet

46

+550
+604

68

+446

' 310

+136

95

+41

179

-ISS

1!!1

-359

121
768

-1,2~

-480

The lowest formation exposed to view in the county, the Saint
Peter sandstone, outcrops at several places near Spechts Ferry
at the base' ,of the bluffs bordering the Mississippi. In these
places the normally loose white sandstone has been discolored
and hardened by iron compounds leached from the rocks above.
The drill, however, everywhere throughout the county finds the
Saint Peter of its normal aspect-a soft friable sandstone of
round clear grains of quartz.
The Platteville limestone overlies the Saint Peter and appears along the Mississippi as far south as Eagle Point, Dubuque. It consists of a basal shale (the Glenwood shale of the Iowa
Htate Survey) , overlain by limestones, some magnesian and
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some fossiliferous, blue and brittle, and cut by the drill into
flaky chips. Bituminous brown shales may be interbedded with
these liniestones. Above the Platteville lies the Decorah shale,
a highly fossiliferous plastic shale with lenses ,of limestone.
The Decorah is succeeded in ascending order by the Galena
dolomite, which as now defined includes all from the summit of
the Decorah shale to the base of the Maquoketa shale. The entire body of the Galena may be dolomitized, as at Dubuque, or
more or less of the body of rock may have escaped the process
and remain in its original nonmagnesian or slightly magnesian
state. Where dolomitized, the Galena is por,ous and cavernous.
It is the lead-bearing rock at Dubuque, where its thickness
reaches 237 feet. The Galena forms the bedrock over a considerable ,a rea in the immediate vicinity of the streams in the
northwestern part of the county.
The Maquoketa consists in Dubuque county ,of 50 feet of
friable shale with earthy limestones overlain by 150 feet of
plastic blue shale. These impervious and dry rocks immediately underlie a large upland area in the eastern part of the county
(p. 373). The shale is well known to drillers throughout the
county. The pr,ogress of the drill 'is retarded in this formation
by the fac, that the drill hole must be washed out every two or
two and one-half feet.
The uppermost geologic formation of tlJ.e county and the most
extensive in its outcrops is the Niagaran-a buff dolomite, in
many places cherty, especially toward the base. It und~rlies
the superficial deposits west and south of the conspicuous, sinuous line of cliffs of the Niagaran escarpment. As rock, the
Niagaran closely resembles the dolomitized Galena and could
hardly be told from it by the cuttings of the drill, although the
Niagaran tends in color to blue-grays ,a nd to lighter buffs rather
ihan to the darker buff of the Galena. The two formations are
readily distinguished by their surface distribution and by the
thick shale which parts, them.
The drift sheets of the county are three. The oldest, or
Nebraskan, is separated from the overlying Kansan by the interglacial Aftonian deposits, consisting of old forest beds representing an interval during which soils accumulated and for-
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ests grew on the older glacial ground moraine. Both tle Kansan and Nebraskan drift sheets are tough blue stony clays ( although superficially the Kansan is deeply reddened by long
weathering. The lobes occupied by the thin sheet of Iowan
drift have already been mentioned. (p. 372) .
. The loess r a yellow or ashen silt or dust deposit, mantles everywllere the ero.d,eq. surface of the Kansan and the driftless area.
UNDERGROUND WATER.
SOURCES AND DISTRIBUTION.

With the wide range of formations exposed in Dubuque
county the number of horizons at which ground water may be
found is exceptionally large.
The drift water beds con~ist of diff~rent sands and °Tavels
either separating different drift ,sheets, inclosed within the
stony day of an individual drift sh~et, or resting immediately
on becir()ck. The upper interglacial . gravels have l~)J1g since
been left behind by the gradual lowering of the ground water
sin,ce the courih~y was opeped to cultivation. Drillers state
that no water is now fouriU.ibBtween tb,e yellow and the blue
clays, und the seepages at the base of the loess have also gone
dry. Only the basal sands 0.£ the drilt supply stock wells at
prel:lent, and these sands carry littl,e water except where the
drift is of considerabie , thickness. Drift wells drawing their
water from this source are naturally most numerous on the
slightly dissected Iowan drift plains. Thus about Worthington
'wells are commonly' frpm l~b ' to' ;120 ~eet deep and "just about
reach rock;" op. the Farley.l'Obe }of the ~owan drift wells are
reported
as supplied from gravels
+35 :a nd 160 feet below the
.
. _
. r ,
surface and covered chiefly by blue till. The depth of wells in
drift is affected by the varying :thi,ckness of thi~ glacial deposit,
'due in part to the preglacial relief ·o f the country. A ' strip of
"deep country" is reported in 'Taylor township,' extending
fr,om southeast to northwest and rurming out northwest of Epworth, the drift here being 100 feet and more in thickness~
Westof Bank;ton rock may b,e .covered with 70 fe~t of drift within 1,000 feet of its outcrops. In Epworth rock is reached at 35
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feet in places on the low ridge at the west end of town, whereas
at the east end the drift is 135 feet deep. In places, as on the
ridges about Farley drill~rs report ·a stiff unctuous clay five or
.six feet thick, resting on rock. This is probably the r,ed residual
clay to be looked for on ancient weat~ered limestone surfaces,
and to the driller it is a far less desir.abl~ formation than th~ water-carrying glacial gravels that in many plaoes rest directly on
the rock.
.. : .
The Niagaran is the chief water bed of the county in the
southern and western parts. The well records give no section
of the formation as mo]}e than 135 feet, although the :measured
outcrops give a thickness of somewhat more than 200 feet.
No special horizons within this thick body of dolomite have been
noted at which water can be expected. Where local conditions
permit its ready drainage, as on the lop.g spurs along its border,
water wilfbe fOlmd, if all, only at it~ .base. Back from the n;targin, where, owing to lack of dissection, ground water stands
high ,and the larger part of the dolomite is waterlogged, water
may be found wherever the drill encounters a crevice or an
especially porous l~yer.
Even far within the border of t~ :Niagaran the drill may
occasionally fail to strike such a crevice' 9r ' porous bed and way
l'e~ch the base of the formation and ~nter the Maquoketa .s hale
without having found a water supply::, If the well is continued
it should be with the full understanding that this sl:tale iii? {lry
throughout its thickness of 200 fe~t .ap.d mor~, and it may }:>e
necessary to drill some distance into the Galena befor~ finding
a good water bed. Wells in the Niagaran are rep<?rted yvhich
thus .reached a total depth of 400 ,I:).nd even.. of 500.feet. .'
On the ancient weather terrace or peneplain ,develop~d on the
Maquoketa shale about Dubuque, wells do not find water until
tbey reach the basal portion o~ the ' Maq~oket~, co~sisting of
earthy non-plastic layers, or the upper thin-layered beds of the
Galena.
In the northeastern parts of the county 'Yater is found ~n the
Galena .a nd Platteville at depths depending on the .height to
whicp. ~hese bodies of dolomite and lim~stone are locally wat':'lrlogged and on th€) success of the drill in ' strik~g a yvater yein.
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At Linwood, Dubuque, a well which entered the Galena at 40
feet found water within 145 feet of the surface of the ground.
Another well at Linwood in the Roman Catholic cemetery was
sunk to .312 feet, some water being found at 190 feet. On the
bluffs at Dubuque the ground-water level stands about 150 feet
below the surface, lowering, however, toward the river, as seen
in the Fourteenth Street mine. In this area a number of wells,
about 100 feet deep, are used for cesspools, the contents discharging freely into the ground water, from which house wells in the
same district are supplied. Northeast of Sherrills Mound, an
outlier of the Niagaran, wells run about 200 feet in depth, finding their supply in the Galena and Platteville.
The Saint Peter, the lowest water bed except those of the
deep artesian wells ·of Dubuque, is tap'ped only near Mississippi
river in the northeastern portion of the county. Thus, on the
Peru bottoms the 160-foot well of William Oavanaugh (SW. 1,4
SW. % sec. 35, T. 90, R. 3 K) struck light yellow water-bearing
sandstone six or seven feet thick, beneath 154 feet of alhivial
quicksand and gravel.
The alluvial deposits outside of the broad flood plains of th e
Mississippi are so small in extent that they hardly need mention. An interesting belt of country where water is obtained in
river deposits is that of the Couler valley, which extends northwest from the city of Dubuque to Sageville. In this ancient
abandoned river channel driven wells furnish sufficient water
for household and ordinary :farm uses. The deep well at the
works of the Dubuque Ualting Company shows that the alluvium in this valley is 117 feet thick. At Eagle Point, Dubuque,
the well of Amos Bailey, on the flood -plain of the Mississippi, was
sunk through 160 feet of alluvium before striking rock, the
total depth of the well being 170 feet.
SJ.>RINGS.

The two best-marked spring horizons in Dubuque county are
at the summits of the Maquoketa shale and the Decorah shale.
At both these horizons ground water is arrested in its desCent
by an impervious floor of shale and finds way to open air wherever the basal strata of the limestones are trenched by the chan-
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nels of surface drainage. The large quantity of water gathered
and the easy solubility of the limestones, which pe-rmits the
opening of passageways of considerable size, give rise to copious springs. Along 'each of these horizons the spring may not
mark the exact line of junction of two formations; it may lead
out through talus cloaking the hillside to issue from this loose
rock waste at some lower level than the summit of the shale; or
it may issue at some higher level than the shale, owing to the
devious windings of the subterranean passages dissolved in
limestone.
Of less importance is the Niagaran dolomite. Springs are
found issuing from its crevices along the North Fork of the
Maquoketa.
These water beds are cut by the valleys of the streams in
a.lmost every section of the northeastern part of the county, and
springs are correspondingly numerous. The perennial flow of
the Little Maquoketa is due to its . supply by springs issuIng
from the summit of the Maquoketa shale, which takes its name
from its outcrops along this stream. On the other hand, the
next stream to the south, Catfish creek, which drains the plain
developed in the Maquoketa shale, goes dry each year for lack
of springs within its catchment area, although this is large
enough to give rise to torrential and destructive floods from the
run-off of heavy rains.
Among the more important of the springs of the county may
be mentioned that at Washington Mills, which issues at the exact contact between the Niagaran and the Maquoketa; a large
spring near Rochester; one in section 4, Georgetown township;
and the springs issuing along the bluffs of the Mississippi which
supply the villages of Spechts Ferry and Waupeton.
CITY AND VILLAGE SUPPLIES.

Cascade.-,-Cascade (population, 1,268) pumps water from a
spring issuing from the Niagaran dolomite to a tank with a
capacity of 20,000 gallons. The amount used daily is 70,000
gallons. The gravity domestic pressure is 56 pounds and the
fire pressure 100 pounds. The system comprises one mile of
mains, 52 taps, and 15 fire hydrants.
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Dubuque.-The city of Dubuque (population 38,494) is supplied by artesian wells (PI.- VI), from which 4,000,000 gallons
daily are pumped to 'a reservoir and distributed under gravity
pressure of 45 pounds. · T·h.ere :are 63 miles of mains, 363 fire
hydrants, and 3,300 taps'. ' ".
.
At Dubuque the chief water beds are the Dresbach and 'earlj er
Cambrian ·sandstones. The Saint Peter s,andstone, Prairie d~l
'Chien stage, and"Jordan sandstone are of minor importance.
Wells about 1;000 feet in depth .tap all reservoirs except those
below the Cambrian shale underlying- the Dresbach sandstone,
"and wells 1,300 'feet or more in depth reach the stores found in
the Cambrian sandstone underlying this shale. ·If the conditions reported at the deep est well of the Linwood Cemetery
prevail throughout the field, no water need be expected below
1,650 fe.et. .
The head of the water of the lowler sandstone of the Cambrian
just de~cribed se.ems somewhat higher than that ' of the Dresbach sandstone, as seen in the well of the Key City Gas Company, whe'r e the two water's a,r e kept apart.
PERMANENCE.

The 'first deep wellsdriiled ~t Dubuque were put down to
'about 1,000 feet, tapping the J orda~ and. the Dr'esbach sandstones. They had a static level of more than '700 feet, heading
a littl~ more than 10d:~~et above the lower ground of the ·city.
Thus 'the 'well of the B~tdhers' Association is i-eported to have
'h eaded :at '740, the Juiien Rouse well at 724, and the well of the
..Stea;m Heating 'Company, drilled in 1884, at 704 feet above sea
·l evel. ' The 'enormous ,dischar'ge of . the 10-inchwell drilled in .
1888 by the' waterworks companY' at Eighth Street reduced very
generally the head of the otherc ;wells, .and later wells from 900
to 1,300 feet in depth showea."·a· distinctly lower static level
(Scp.~i'dt well, 645 feet \ab~ve ' s'~a)evel; Chicago, Milwaukee &
'St. PaulRy. 'w~ll, 683 feet above sea revel). The latest well of
this dass, that of tJle 'gas company, -q.-ad ·a 'static level of 667 ~
.feet above sea level. '
, -,
Of the deepe~ wells tapping 'the)ow~r)ap.ds'ton'e of the Cam~
brian the initial head of the Linwood Cemetery well was 742
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feet above sea level, but in 1900 this had declined to 661, and
the Sixth Avenue well at Eagle Point showed an initial head of
but 647 feet.
The use of compressed air in several wells has caused a sudden loss of pressure in neighboring wells, and this lowering of
static level may be expected to widen in area and increase in
amount.
In 1905 several old wells still held their wa,t ers up to from 630
to 645 feet above sea level, and the Julien House well and the' gas
company well showed heads respectively of 685 and 667 feet
above sea level. In 1908 the wells reporting in response to letters
of inquiry showed heads not exceeding 625 feet above sea level,
except in one or two doubtful cases.
The early failure of some of the wells points to defective or
deteriorated casings, but the general loss of head, a loss in
several wells sudden and coincident with the completion of new
wells of great capacity on low ground or with the installation
, of aIr lifts in other wells, finds its cause in a general lowering
of static level due to overdraft. For thiR condition there is no
remedy except the partial one of r,e striction of outflow so f.ar as
possible. Wells in plants, not in operation should be closed, and
lateral escape of wl:j,ters through defective casing and through
channels opened in"the rock where the well is not cased should
be prevented by keeping, all wells effectively cased to the chief
aquifers.
WELLS.

The Bu'tchers' Association well has a depth of 1,000 feet and
a diameter of 8 inches to the bottom; it is cased to 300 feet.
The curb is 607 feet above sea level. The original head W:as 133
fe~et' above the curb and the head in 1896 was 41 feet ' above the
curb. , The original flow was 580 gallons a minute. No record
of the present head 'and discharge has been obtained. Water
was 'fit tlt tapped at a depth of 600 feet and gradually increased
to the bottom. The temperature is 56.5° F. The well was complet,ed in 1887 by J. P. Miller & Company of Chicago.
,
The Lorimer House well has a depth of 1,057 feet and a diameter of 5 inches. The curb is 652 feet above sea level. The
original head was 57 feet above the curl:> and the head in 1896
ap'p roximately at curb. The original flow of 400 gallons 'a min-
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ute had ceased in 1906. 'T he well was drilled by J. P. Miller &
Company of Ohicago. It has not been in use since 1892.
The Julien House wen had an original depth of 896 feet but
was deepened in 1898 to 1,660 feet. Its diameters are 12, 6,
and 5 inches, cased originally to 212 feet. The curb is 615 feet
above sea level. The original head was 109 feet above curb;
head in 1896, 97 feet ,above the curb; head in 1905, 70 feet above
the curb. The original flow was 480 gallons a minute. The
well was drilled in 1872 by J. P. Miller & Company of Chicago.
Before the wen was 'deepened the flow had ceased. The
sinking of the city wells had no influence on the flow, but the
first night that the air compressor was set working in the city
well, about 11 blocks away, the Julien House well discharged
about two bushels of sand.
Driller's Zog of Julien House wen at Dubuque.

1
Loose material __________________________________________________________________
Sandstone __________________________________________________________________
Marl ________________________________________________________________________
Sand, marl, and limestone mixed ___________________________ _____________________ •
Sandstone _____________________________________________________________________
Limestone _________________________________ .__________________________________
Marl, red __________________________________________________________ :____________
Sh'ale, sandy ________________________________________________________________
Marl, red ___________________________________________________________________________
Sandstone ____________ __ _______________________________________________________

Thick"
ness

I

Depth

•
Feet
210
160
66
50
60
105
40
46
7
141

Feet210
870
486
486
646
'651
691
737
744
8S5

The Linwood Cemetery well No.1 has a depth of 1,765 feet.
Its curb is approximately 776 feet above se,a level and its
original head was 23 feet below the curb. The well is , now
pumped with a cylinder 200 feet below the curb.
'T he Linwood Cemetery well No. 2 has a depth of 1,954 feet
and a diameter of 8 inches to 1,000 feet and 6 inches to bottom;
casing to 1,025 feet. The curb is 706 feet above sea level. The
original head was 36 feet above curb; head in 1896, 1 (n foot
above curb; head in 1900, 45 feet below curb. The original flow
'was 40 gallons a minute; flow in 1896, 20 gallons a minute; well
now pumped. Water from a depth of 100 feet rose nearly to
the surface. The first rock flow was at about 1,250 feet and
gradually increased until drill reached a depth of 1,650 feet,
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below which no water was found. The well was completed in
1891 by J. P. Miller & Company of Chicago.
This well is sometimes obstructed by a "fibrous sediment"
which may be Crenothrix and which is removed by churning an
iron rod in the tube. At times this treatment has doubled the
diminished flow.
The J. Cushing factory well has a depth of 965 feet and a
d.i ameter of 7 inches to 60 feet, 5 inches to 190 feet, and 4 inche"
to bottlJm; cased to bottom. The curb is 642 feet above sea
level. The original head was 31 feet above the curb ·a nd the
head in 1896 at curb. Water comes from 600 feet and lower.
The temperature is 60° F. The well was completed in '1888 by
J. P. Miller & Company of Chicago.
The Packing & Provision Company's well has a depth of 955
feet -and a diameter of 8 and 6 inches; cas.ed to 200 feet. The
curb is 607 feet above sea level. The original head was 55 feet
above the curb; head in 1896, 50 feet above curb; head in 1905,
23 feet above curb. The original flow was 340 gallons a minute,
the present tested capacity, with pump cylinder 16 feet above
curb, is 90 gallons a minute. The well was completed in 1889
by J. P. Miller & Company, of Chicago.
The Consumers' Steam Heating Company's well has a depth
of 802 feet and a diameter of 4 inches. 'T he curb is 617 feet
above sea level. The original head was 87 feet above curb and
the head in 1896 at curb. The original flow of 260 gallons a
minute had ceased in 1896. The water comes from depths of
353, 480, and 780 feet. The well was completed in 1884 by J.
P. Miller & Company, of Chicago.
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Sandstone, ,cream yellow, moderat ely fine, calciferous as shown by dolomite and cherty material in drillings; three samples _____________________ 465-474
Dolomite, buff; in fine sand , with some quartz sand_____________________________
478
Sandstone, light reddish yellow, fine, calciferous________________________________
635
Dolomite, in tine buff sand and g r ay chips _____ ____________________ _______ _______ 581-584%
Shale, highly arenaceou s, g l a uconifero us; in c hip s which pulverize into
reddish yellow powder at 632 f ee t and reddish b rown at 636 feet, quartzose material, microscopic and angular ______ __________________ • _________________632-636
Dolomite, highly arenaceo u s, glauconiferous; in fine brown angular sand
at 724 feet and in coarser sand at 726 feeL _______________________________________724-726
Sandstone, yellow; grains moderately tine, the larg er rounded and smoothed
730
Sandstone, pure, white; gTai ns rounded, moderatel y tin e_______________________
841

The Bank and Insurance Building well had a depth of 973
fe et, but was deepened in 1900 to 1,380 feet. Its diameter is
8 to 41;2 inches. The casing extends to 150 feet, and also covers
50 feet of shales below 200 feet. The curb is 638 feet above sea
level. The original head was 10 feet above the curb; the pr,e sent
head is 3 feet above curb (water pumped to tank on roof). The
original flow was 120 gallons a minute, which incre3;sed in 1900,
after deepening, to 125 gallons a minute. The first flow was at
a depth of .about 900 feet. Temperature, 61°. F. Date of completion, 1894; drillers, J. P. Miller & Company, Chicago.
The E·. Hemmi dairy well has a depth of 973 feet. . The curb
is 627 feet above sea level. It was completed in 1895 (n.
This well stopped flowing on the starting of the air compressor of the malting company. It is now pumped by a windmill.
The Dubuque Brewing & Malting Company's well bad a depth
of 999 :£eet, but was deepened in 1904 to 1,165 feet. Its diameter
is 8 to 6 inches. The curb is 624 fe et above sea level. . The well
was completed in 1895 by J. Bicksler, of Dubuque, and was
deepened and recased to 450 feet in 1904 by J. P. Miller &
Company, of Chicago. No definite facts are obtainable as to
head and discharge. The original flow was received in a reservoir from which it was pumped throughout the brewery. The
flow ceased when the air compressors of the city wells were in
use, and an air compressor was installed to pump the well,
-.yhose capacity was estimated at 150 gallons a minute. The repairs made by· deepening and recasing the well in i904 are reported ,a s having b~en very beneficial, but the incre~,se in flow
25
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or pressure is not stated. In 1908 the head was six inches above
the curb, the flow being increased by the use of the air compressor.
DriUerW log

01

Dubuque Malting ana Brewing OO'm pany's well.

f?~e~~~n~a_~~_I~I
__=:=======================================:====:========:=:====:=_
Sandstone
________________________________________________________________________
Limestone
__________________________________________________________________________
_
No
record
______________________________________________________________________
_
Shale
____________________________________________________________________________
_
Marl,
red
____________________________________________________________________
Sandstone _________________________________________________________________________ __

Feet

Feet

117
33

117
150

75

225

225
533

450
983

45

1,028
1,030
1,165

2
135

The Key City Gas Company's well has a depth of 1,310 feet
and ·a diameter of 10 inches to bedrock (116 feet), 8 inches to
562 feet, 61,4 inches to 1,070 feet, and 5 inches to the bottom;
casing, 10 inches to 116 feet and 4 inches from curb to 1,118 feet.
The curb is 619 feet above sea level. The original head was
48 feet above curb; head in 1905, 48 feet abov.e curb. The original flow was 400 gallons a minute. Water comes from depths of
1,000, 1,118 and 1,310 feet. Temperature, 60· F. The well was
completed in 1900 by J. P. Miller & Company, of Chicago. The
waters of the higher water beds rise through the outer casing
and those of the lower through the inner. The lower waters
have the higher head, but the difference is variously reported.
It is stated that" on the completion of the well the flow of other
wells in the city was diminished and some of the shallower wells
ceased to flow. In 1905 the two flows had become mingled through
corrosion of casing.
Driller's log

01

Key Oity Gas Oompany's well at Dubuque.

~~~;eo:~~~:Jy--::=::::-..:::=:=::::::=:::::::::=:::::::..-..::::-..:==::::
Limestone
or _________________________________________
shale _________________________________________ __
Shale,
sandy
Shale, red, ______________________________________________
8JId caving rock__________________________________ __
Limestone
Shale
___________________________________________________
_
Sandstone
Shale,
sandy________________________________________________
_____________________________________________ __
Rock, hard and 80ft streak8________________________________________ _

Feet

6'T
49

lU
S20

"5

100
45
295
115
210

Feet
67
116

150
470
545
545
690
985
1,100
1,810
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The Chicago, Milwaukee & St. Paul Railway wells ,a re two in
number, each with a depth of 1,263 feet. The curbs are 607 feet
above sea level. The original heads were 76 feet above curb;
heads in 1905, 28 feet above curb. 'The well No. 1 was com-.
pleted in 1898; it flowed 60 gallons a minute.
City well No.1, Eighth and Pine Streets, has a depth of 1,310
feet and a diameter of 10 inches; casing, 400 feet. The curb is
607 feet above sea level. The original head was 46 feet above
the curb; head in 1905, 23 feet above curb; head in 1908, 3 feet
above curb. The original flow is unknown, but the flow in 1908 .
was 100 gallons a minute. The water cam€ from depths of 500
and 1,310 feet. Date. of completion, 1888.
The Eagle Point north city well has a depth of 1,308 feet and
a diameter of 12 inches; 12-inch casing to 400 feet. The curb
is 625 feet above sea level. The original head was 24 feet above
curb, and the head in 1905, 20 feet above curb. The flow in
1905 was 300 gallons a minute; flow in 1908, 230 gallons a minute; capacity under air compressor acting at 300 feet in depth,
805 gallons a minute. The first flow came from 800 feet. The
well was completed in 1899 at a cost of $2,600.
The Eagle Point south city well has a depth of 1,306 feet and
a diameter of 12 inches to 900 feet, 8 inches to bottorq; casing,
8 inches to 1,000 feet. The flow in 1905 was 265 gallons per
minute, and in 1908, 120 gallons a minute; capacity under the
air compressor, 290 gallons a minute. The head was the same
as that of the north well. Date of completion, 1899.
The Eagle Point Sixth Avenue city well has ,a depth of 1,927
(or 1,908) feet and a diameter of 4 inches; 4-inch casing to 450
feet. The original head was 22 feet abov'e curb;. head in 1905,
11 'feet above curb. 'T he original flow was 135 gallons a minute.
Temperature 61 F. The well wa~ completed in 1900.
The use of the air compressor in the north well stops the flow
of the south well; in 1905 its use in the north and south wells
l:educed the flow in the Sixth Avenue well to one-third its normal discharge; the effect on the distant Eighth Street well is
said to be slight.'
.
\

0
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An unpublished log of the waterworks well at Galena, Illinois,
is here presented for comparison with the logs of wells at
Dubuque.
Driller's log at well at waterworks at Galena, Illinois,

j Depth
ness
j TbickSu,:fnce m a teri al _____________________ ___ ______________________________________ ____ _
Li mestone __________________________________________________________________________ _
Sand, white, water, first fiow (Saint Pctcr) ________ ~ ______ _______________________ _
Marl, red __________________________________________________________________________ _
Sandstone, white, water ______________________________________________________: ___ _

iffr1~~~g::j~~:~:-:j:=:~~j-:l-:=::j:~!_!j~:j~=l:~~j::~:::~~j

Feet
65
95

I

ll';."et
65
160
265
305
527

607
635
635
913
925
1,570

Dyersville.-The water system of Dyersville (population,
1,511), owned by the city, obtains its supply from a 5-inch
drille'd W',ell, 384 feet deep, entering rock at a depth of 2 feet.
Water heads 150 feet from the surface. The chief water bed
is found at 136 feet in Niagaran dolomite, Water is pumped
by gasoline engine to a tank, whence it is distributed under
gravity pressure of 45 pounds through 1 1-6 miles of mains.
'rhere are 30 taps and 20 fire hydrants.
The Saint Peter s<andstone should be struck at about 260 feet
above sea level, or 681 feet below the surface, and the Jordan
at about 150 feet below sea level or about 1,090 feet below the
surface. A well sunk to 250 feet below ·sea level, that is, to about
1,100 feet from the surface, should give a supply ,ample for the
town so long as the well is kept in good repair. The water
from the deeper beds may be expected to stand about 150 feet
below the curb, but the upper waters, which will be found in the
~iagaran, Galena a,nd Platteville limestones, will come much
higher and increase the head. The cylinder of the pump should
lie placeq low· enough to draw on the deeper waters after the upper limestone waters, which will be less in amount, have been
pumped off.
Minor 8upplies.-Information concerning the supplies of
some of the smaller places is contained in the following table:
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Village supplies

'in

Dubuque Oounty.
,101

- _ . ""., .'0"
0.0
E
......
=
0
.=

Depth of Wells

- - -Vlllage

Nature of Supply

I

8

...
0

'"

389

I

0
Eo<

8
8

.='"

I;.)

~

p.~
.,~

0

Springs

""til.,'"

15.
.,
~

I

Feet Feet Feet Feet .1r,et Feet
l3ernard __________ Wells _______________
00
600 120
100
12 ______ None.
Durango __________ Cisterns and wells__
30 135
130 ____________ -20 Large and small.
Epworth ____________________________________________ ______ ' ________________ ,_
Farley ____________ Drilled wells_________
60 ' JZO ______ 1___ _ . _ 15

{=~~

P e'o sta --------- --_ ---- do ------------- 18
535
150 1.. _____
25
lSmall.
Spechts Ferry:.____ \SPrings ________________________________________________ _

I

PlaCId ------T----- ---------------------24
315
120
J20 I 300 -16
1 135 :""80
Waupeton ________ Springs ____________ _ ___________________ .._________ . ___ ___

:::;~;:g~::-~~~~: ~~~~l-e~---~:~~--~~:~ ---~~-

00

1: I---~~- ---~~- ~-_- 13-:0"~
I

wells.
.•.

c ••

ISmail.

l

WEJ.,L DATA;

•

The following table gives data of typical wells
county:
'

III

DubuqUf:

Wells in Dubuque Oounty.

Owner

Location

Remar,k~

Source of
Supply

(Log given in feet)

> ,

T. 88 'N., ,R. 'I E.
F eet Feet
Feet
(Vernon). '
Mrs. King ________ NW. ~ NE . ~ see.13 133 _~ ____________________ ~ _________ High ground.
Peter BroesseL ____ SW. ~ SW. ~ see. 7 200
J. MeMlihon _______ SW.~ SE.!; sec . 1 ~ 400 ====== ===,================:
Dolomite ; Niagaran,
.
60; Maquoketa shale
and Galena Ji:'Ilc,
stone, ' 340.
T. 89 N., R . 2 E.
(Dubuque).
P; Ersehen '___ ____ Centralia ________ _ 220 _________ ________________ -100
A. Holllns _____________ do ___c·__ cc __ _ 120 _____ • ____________________ - 40

=~~~_

'r.

89 N., R. 1 W.
(Iowa).
____________________

66 Limestone _______________ Y@ow clay, 10; ' blue
elal(, 56; limestone,
74.
..
_______ ______ ______ Bankston ___ _____ _ 175 __ ______________________________ Drift and Niagaran
dolomite to Maquo·
I •
keta ' sbale, 175 feet.
13 ______________ . ___________ Rather high ground,
Clement Meyer ____ SW.a NE.~ sec. 33 160
L. H. Fangmann. NE : SW. ,a ·see. ·R 1(Jr, · ______ GraveL __________________ All sand to gravel.
7,0 Limestone ______________ _ Yellow 'clay to rock .
. C. Fangmann _____ NE.
SE.
sec. 8 208
___________ "____'__.__ Kidder' __
______ _ '86
20 On shale ~~ _______ " c _____ Low ground ·n ear
creek. ReddIsh sand
and 'clay, 20; lime·
stone, ·20; shale, 46.
Maquoketa
Keller ___ , _________ 4 miles northwest 160 _____________________________'___ Ringe.
shale penetrated, 60.
, of Epwortb.

sec. 8_____ _ 140

~1ivo]j,

~

a
a

----

--~

- -

a

" "~,

-

--
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Wells in Dubuque Oounty-Continued

Owner

Source of
Supply

Location

Remarks
(Log given in feet)

I

T. 8S N., R. 1 W.
Feet Feet
Feet
('t'aylor) .
Bennett _______ 1 mile north of Ep- 112 ______ - ______________________ Mostly sand; lime·
worth.
stone, 5.
Geo. Freeman_____ 4 miles southwest 155 _____ On shale _________ - 95 Yellow clay, 80; blue
of Epworth.
clay, 60; limestone,
40; shale, 25.
Aug. Krogmann __ SW. i SE. i sec. 7 600 ______ - ________________________ . High hlll. Drift. 60;
limestone, 100; shale,
840. No water.
66 __________________________ Ridge. Yellow clay, 40;
Geo. GrahaDL _____ 1~ miles southeast
450
blue clay, 26; limeof Graham.
stone, 110; shale (Maquoketa), 264; hard
gray limestone, 12;
shale, 8.
Harns_________ East · end of Ep· 187 135 Limestone_______________ Drift, nearly all sand,
185; Niagaran dolo·
Worth.
mite, 52.
M. M. McDermott I! miles south of 115 ______ GraveL ________________ Yellow clay, 20; bltJe
Epworth.
clay,
87; gravel, 8.
Mr. Qulrrln _______ Sec. 11 ___________ _ 250 190
N. Bradfield ______ Sec. 12 ___________ • 140 185 _______________ -100 Blue tlll from 40 to 135.
T. Smith __________ Sec. 22 ___________ _ 88
65 ________________________ . Black drift Into wood
auove yellow
rock • tlll and
. _________________________ Mainly
J. Haly ___________ Sec. 84 ____________ 195

-

190

Geo. Banerlch _____ SW.

i NE. i sec.

81

220

T.

sandy material to
rock with some
"black clay."
85 Llmestone________ . ______ Drift, 85; Niagaran
dolomite, 185.

8S N .. R. 1 W.
(Dodge).
__________________ 2 miles northwest 185 ______ GraveL __________________ Nearly all blue clay to
gravel.
of Farley.
Martln _______ I! miles west of 160 ____________ do _______________ Blue clay to water bed.
Farley.
J. N. Orapp______ Sec.
11 ___________ _
102 ____________________ - eo Mainly yellow tlll.
F. Funke__________ Sec. 9 __________ _ 102 117 ____________________ - 114 ff1 feet of blue-black
164
tIll on
rock. Drift,
6 __________________________ High
ground.
Aug. Coopman ____ 2 miles south of
300
6: Niagaran dolo
Dyersvllle.
mite, 100; Maquoketa
sh ale, 194; ends In
shale.
Town _____________ Worthington _____ _ 56
80 Llmestone _________ - 18 Diameter, 5! Inche8
Depth to water sup
ply, 50.
T·. 90 N., R. 1 W.
(Concord).
John Frletmann_ NE. i NE. i sec. 16 164 ______ Sand and gravel________ Blue stony clay to wa
ter bed.
Nicholas Smlth ____ SE. i SE. i sec. 82 200 ________________________________ Reacbed
Maquoketa
shale.
T . 8S N., R. 2 E.
(Table Mound).
O. Ehrsam___ ____ NW. i sec. 18______ • ___________ Sand and graveL _______ Valley. Mostly sof
quicksand; rock no
reached.
T 89 N .• R. 1 E.
(Oenter)
___ _______________ Oentralla _________ _ 250 ______ ___________________ ____ Drift and loess, 80
blue shale,
H. Oalahan____ ___ Sec. 7 _____________ 416 _________________________ -898 Altitude,
1,150220.
feet; 82
__________________ Sec. 7 _____________
r. · 89 N., R. 2 W,
(New Wine).
Mayberry____

-

2~

miles northwest
of Farley.

112

feet of
60 ______ do _____________ Yellow
anddrift.
blue clay
60; limestone, 62.

92

S2 _____ _ do __________ - 52 Yellow clay, 12; blu
clay, 20; limestone

110.
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FAYETTE COUNTY

BY W. H. NORTON.

TOPOGRAPHY.

Lying near the margin of the driftless area, Fayette county
includes two types of topography, ,each of which exercises a cer,tain control over the distribution of ground water. The northeastern part of the county-the area lying east and north of
West Union and Fayette-is a land of hills, some of which are
400 feet high, carved by streams from an upland about 1,200 feet
above sea level. Here the Kansan drift is thin and the topogr,aphy of preglacial time is not effaced or even masked. Over
the remainder of the county the preglacial hills and valleys
have been deeply buried' beneath drift, and the latest ice sheet
to invade the region, the Iowan, has molded the surface to a
gently undulating prairie. In this pr,a irie region ground water stands high, feeding the stfleams of the shallow valleys with
oozes along their banks; in the rugged country of the northeastern part ground water stands low and must be sought by wells
at levels approximating those of the basles of the hills, where it
issues in copious springs.
The divide between Volga and Turkey rivers reaches an elevation of 1,280 feet above sea level; the lowest valley floors descend to 775 feet above sea' level. The two afleas are roughly
sketched in any road map of the county. In the dissected area
the crooked highways follow around hill and up winding valley
and along the sinuous ridge tops; on the prairie of the younger
drift they adhere to the section lines undeviatingly.
The broad, flat valleys of the streams of the dissected area
form ,a topographic type of special interest in this investigatIon.
rI'heir width, which commonly reaches a mile along Volga and
Turkey rivers, is an expression of an advanced stage of development due not only to their great age', but also to the weak
rock, the ¥aquoketa shale, in which they have been worn.
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GEOLOGY.

Pleistocene drift deposits mantle the entire county. In the
hilly northeastern part they are thin and almost negligible from
the present viewpoint. Over the prairies of the county they are
thick. The great bulk of the drift belongs to the earlier drift
sheets, the Nebraskan and the Kansan. The' Iowan drift forms,
a veneer on the older drift over about two-thirds of the county.
Outside of the Iowan area the stony clays of the drift are
mantled with a fine yellow silt called,' loess.
The well driller does not distinguish between these superficial
deposits, nor is their discrimination easy in the contents of the
slush bucket. Yet valuable data may be obtained by noting the
depth at which the gritless yellow loess passes into the ashen
loess beneath it or into the sands which in a few places underlie
it, or into the brighter yellow stony clay of the weathered Kansan. The place and thickness of the sandbeds which locally intervene between the Kansan and Nebraskan should also be
noted. At the same horizon (Aftonian) will be found in places
old soils, deposits of peat, and forest beels, whose dark and illsmelling products are recognized at.once. The driller should
also note the depth at which the weathered reddish or yellow
Kansan passes into the blue unoxidized and tougher stony clay
of the unweathered basal portion of that drift.
Several members of the Devonian system, differing lithologically one from another, are exposed in different places in the
central and western parts of the county, as in the deep railway
cut at Fayette, but their discrimination matters little in this
investigation.
The Niagaran dolomite (Silurian) appears in the cliffs along
the valleys of Turkey and Volga rivers and forms the bedrock
in parts of Illyria:, Dover, Auburn, Union and Westfield townships. Covered by heavy drift, it is supposed to underlie the
southern townships. The rock is for the most part a buff dolomite, although 'beds of gray nonmagnesian limestone occur locally, The measured outcrops do not exceed 70 feet.
Because of its impervious shales, the Maquoketa (Ordovician)
exerts a strong influence on the distribution of ground water.
The formation includes a basal me:rp.ber nearly 100 feet thick,
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made up of shales and clayey limestones, a middle member about
fifty feet thick composed of cherty magnesian limestones, and
an upper member, a plastic bluish shale, whose thickness may
reach 125 feet. 'T hese beds form the surface rock over Clermont
and most of Dover townships, and over the northeastern part
of Auburn township. They form the bedrock of the-valley floor
of the Volga to three miles north of Lima, of Turkey river to
its junction with Cr,ane creek, and of Otter creek to a point
within two miles of West Union.
The 70 feet of the upper beds of the Galena (Ordovician) exposed in the county are nondolomitic limestones, light gray in
color, and may be recognized by the drilJer by these characteristics, as well as by their position immediately beneath the
easily determined base of the Maquoketa shale. They out.crop
along the valley of Turkey river and its tributaries above Clermont.
UNDERGROUND WATER.

SOURCES AND DISTRIBUTION.

In the northeastern part of the county water is obtained chiefly in the bedrock. The drift is thin, and the loess seldom affords
a large or permanent supply. Wells encounter, immediately
above the rock, a stratum of residual flints several feet thick, but
this stratum does not form a water bed, as the flints are set in
impervious red residual clay. In Clermont and much of Pleasant Valley townships, where the Maquoketa shale forms the
country rock, water may be 'found above the blue upper shale of
that formation, but generally the drill must go to the limestones of the Middle Maquoketa, or even into the Gr.lena and
Platteville limestones underlying the heavy shales of the Lower '
Maquoketa. As the thickness of the Maquoketa is estimated at
not less than 250 feet, it is not surprising that some of the
deeper wells of the area are 400 feet deep.
On the high uplands of the northeastern townships, where the
- Niagaran dolomite forms the country rock, water is commonly
found at moderate depths, but even here in a few wells the drill
fails to strike water in the Niagaran, and wells are reported
which go to the Middle Maquoketa. One-west of Wadena passed
through eighty feet of "sand rock" (Niagaran), 155 feet of

•
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"soapstone" (Upper Maquoketa), fifteen feet of "dark shale in
chips," and thirty-two feet of limestone (Middle Maquoketa),
finding water in the beds last named. '
. The wide valley floors of Turkey and Volga rivers form a
distinct province where shallow wells tap the abundant water of
alluvial sands and gravels.
In the remainder of the county the chief water beds are (1)
sands and gravels of glacial origin, interbedded with stony clays
or overlying the rock at different depths from the surface, and
(2) Devonian and Silurian limestones. In the southeastern part
of the county, in Fairfield, Smithfield, Putnam and Scott town,·
ships, water is found in the basal glacial gravels and in the
Niagaran dolomite. Wells vary in depth with the thickness of
the drift and with the depth in the Niagaran .at which a waterbearing crevice or porous layer may be encountered.
The data at hand suggest that the drift ranges in thickness
commonly from 70 to 150 feet. Near Scott, however, some wells
find water in glacial sands resting on rock at a depth of 170
feet. Four miles west ,a nd one mile north of Arlington the
same water-bearing sands lie in places about 200 feet from the
surface. About four miles southwest of Arlington the average
depth to, rock is 150 feet, most wells here finding water on the
rock or a few feet below the rock surface. Near T'a ylorsville
some wells are sunk about sixty feet below the rock surface.
On the high ridge north of Brush creek ground water in the
limestone stands low and wells may need to go through 150 feet
or more of rock before obtaining a supply.
In the southwestern townships the drift is of considerable
thickn~ss, although ,a t Fairbank, Maynard and Randalia the
rock approaches close to the surface or outcrops. In 'O ran and
Fremont townships a common range of from 50 to 125 feet is
indicated by our reports, wells seldom exceeding 150 feet in
depth. At W~stgate rock is reached at 80 feet and from Oelwein west to Little Wapsipinicon river wells footing in keel
rock are said to range from 75 to 100 feet in depth. In J efferson township the drift is thicker than in Oran, and wells which
here find water in its basal sands or in the upper layers of the
underlying rock commonly exceed 100 feet. At Oelwein on the
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hills house wells are about 145 feet deep and foot in rock, five
feet being sufficient for reservoir and anchorage for casings. On
the other hand, in the northwestern part of the city rock lies at
thirty feet. At the Roman Catholic Ohurch a well penetrated
sand for sixty feet, whereas wells not 100 feet distant on either
side struck rock within three feet of the surface. This narrow
bed of sand runs half a mile southwest to .Otter creek. The
steepness of the rock walls of this buried channel is shown by
the fact that at ,a house in the town the excavation for the cellar
encountered rock at four feet, and a well five or six feet from the
house wall penetrated sand for sixty feet.
In Harlan, Oenter and Banks townships wells find water in
basal sands and gravels or immediately below the rock surface
in the Devonian limestones. In Banks township the drift apparently runs deep and a thickness of 187 feet is reported at one
locality. A short distance southeast of Randalia rock comes to
the surface, though immediately at the village it is 90 feet below
ground. About Maynard stock wells run to depths of from
.40 to 100 feet, and are commonly drilled from five to ten feet
in rock,
In the northwestern part of the county, which is comprised
within the limits of the Iowan drift plain, the general conditions
are the same as in the central and southwestern parts .
.A few flowing wells from Pleistocene sands overlain by stony
clays are reported from the county, but no provinces were
found of sufficient importance to deserve investigation. These
flows occur on low ground on ,a branch of Turkey river in Windsor township and at one or two points along Otter creek north
of Oelwein, and on the Little Wapsipinicon.
SPRINGS.

Springs are numerous and many of them are copious in the
northeastern part of the county along the valleys of Volga and
Turkey rivers. A well-marked horizon occurs at the base of
th{; Devonian, whence some large springs issue near Fayett2.
A still larger contribution of spring water is made by the rocks
at the summit of the Maquoketa shale, for this impervious clay
leads the ground water along its surface to open air wherever

•
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iris cut by streamways. At Wadena, on Turkey river, several
springs issue on the·hillsides, that of William Sargent being said
to be 80 feet above the village. The water of one of these springf:?
has been piped to the village, butno use has been made of them
£01' power.
In. most of that part of the county covered with
Iowan drift springs are few and small.
CITY AND VILLAGE SUPPLIES.

A rlington.-At Arlington (population, 678) water obt~ined
from a well is pumped to a tank supplying pressures of 35 to 45
pounds. There are ~,400 feet of mains.
Paye,t te.-The public supply of Fayette (population, 1,112)
is dr,awn from two eight-inc:Q. wells sixty-five feet deep, situated
at the edg.e of town on the banks of Volga river. Their joint capacity is said to be 500,000 ga~lons a day, but a run of the, pumps
for not more than one and on~-half hours a day is sufficient to'
meet present demands. Water stands fifteen feet below the E\urface, and is drawn down to s,eventeen and one-half feet by pumping a few minutes., The driller'~ log of the wells ~s as follows:,
Log of well at Fayette.
'J'hICk- 1 Depth

I ness

---------------------------------------~----

So il and sand ________ -___________ -- -- -- ---- -____ _-__________________ ____________ __ •
Limestone, gray, bard ___ __ ______ ________________________________________________ _
Sand rock -------------------------------------------------~-----:..-------------7----

' Fe~t

Feet
80
32

30
62

3

65

The sand rock in which the well ends is probably a coarsegrained magnesian limestone of the Niagar,an;- the limestone
above corresponds with the Wapsipinicon limestone o~ the Devonian.
Water is distributed by direct pressure with domestic and fire
pressures 'of 80 and 100 pounds respectively. There are 1,300
feet of mains and four fire hydrants.
The summit of the Niagaran dolomite at Fayette (elevation,
902 feet )is exposed along Volga river near the water line. The
formation here is probably not more than 75 feet thick. A deep
well would pass through the Niagaran into the Maquoketa shale,
which is here about 200' feet thick and includes middle dolo-
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mitic beds that may carry water under a sufficient head to overflow at the surface. Still more water will probably be found in
the 300 or 350 feet of the Galena and Platteville limestones, which
underlie the Maquoketa. The Saint Peter sandstone should be
reached about 625 feet below the surface. This estimate, based
on the thickness of the formations, is believed to be more accurate than one based on the assumed uniform dip of the Saint
P eter from Elkader to Sumner, which would bring the Saint
P et.er at Fayette about 470 feet below the surface . .
The lower waters can not be expected to overflow, although
they may rise near the surface. A well or wells sunk to the depth
of about 675 fe et will probably obtain sufficient water for a
public supply, but the far more abundant stores of the Prairie
du Chien and the Jordan may be reached by sinking the well
500 to 550 feet deeper.
Bawloe'lJje.-At Hawkeye (popu1ation, 510) the public supply
is pumped from a six-inch well to a tank 100 feet high ,and thence
distributed through one mile of mains. There are nine ,fire
hydrants. , The well is 180 feet deep and is cased to rock, which
it enters at 160 feet.
Oelwein.-The water supply for 'Oelwein (population, 6,028)
is drawn from four wells, seven inches in diameter ·a nd 72 feet
deep, cO.nnected and pumped with a vacuum pump. The capacity
of the wells is somewhat less than 240 gallons a minute, as by
pumping at this rate the water is lowered from a head of twelve
feet below the surface to twenty-five feet below it, and the pumps
begin to pound. The wells are located in the northe.astern part
of the city on a level with the railway station. Rock was entered
at sixteen feet, and the main water bed was found in a seam at
forty feet. The wells are adjacent to. a deep well drilled for the
city but never used. On testing the deep well with a cylinder set at
] 50 feet and pumping 250 gallons a minute, the water in the four
wells was drawn down below the vacuum pump, the 'water in the
deep well lowering in corresponding measure. The water in the
deep well now rises and falls with that of the four wells, according as the vacuum pump is in action or at rest.
vVater is distributed from a standpipe (capacity, 96,000 gallon ) under a pressure of 60 to 75 pounds. There ,a re eight miles
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of mains, 55 fire hydrants and more than 600 taps. 'The amount
used daily exceeds 200,000 gallons.
'T he deep well was drilled for the city some years since by J. F.
McOarthy of Minneapolis, but nothing can be learned about it
except its depth, 1,000 feet, and its head, 15 f.eet below the curb.
If the dip of the strata in this area is uniform between the ne·a rest deep wells on either side of Oelwein, this well hardly more
than reached the base of the Saint P-eter sandstone. Whatever
the supply of this well may have been, the capacity would doubtless have been increased by drilling deeper to the Jordan sandstone.
Wesrtgate.-A supply used for fire protection at Westgate
(population, 232) is obtained from a six-inch well, 98 feet deep.
Rock is entered at 80 feet. The water bed is lim-estone at 85
feet, and the head is 30 feet below the curb. Water is pumped by
gasoline engine to a tank 90 feet high, with a capacity ·of 600 barrels, and is thence distributed through 1,000 feet of mains. There
are three fire hydrants.
West Union.-Four wells, 68 to 70 feet deep, situated at the
base of the nortli bluff of Otter creek, supply West Union (population, 1,652) with about 100,000 gallons ·o.f water a day. The
head of the water is sufficient to carry it over the curb, but overflow is prevented by closing three of the wells with cement. The
wells ar,e drilled almost wholly in limestone and are evidently
closely related to the strong springs o.f this district, which issue
from the lower beds of the Devonian limestone. The temperature of the water is about 51° F.
Water is pumped by a ' compound duplex steam pump to a
standpipe, from which it is distributed with ·a domestic pressure
of from 40 to 80 pounds through five miles of mains to 30 fire
hydrants and 375 taps. The fire pressure is 110 pounds. It is
improbable that the city will need to seek a deeper water supply
.for many years, but such a supply is obtainable in the Saint Peter
sandstone, which should be found ·about 550 feet below the surface, or in the Jordan, whose base must be at about 1,150 feet.
Water may be looked for in very moderate amounts in the
Prairie du Ohien stage and the Jordan sandstone. The water
from these deep s·andstones would probably stand 100 feet or
more below the surface.
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Minor s.upplie~.-Information concerning the water supplies
of the smaller villages is presented in the follo,wing table:
ViHage supplies in Fayette Oounty.

Town

Volume 01 Springs

Nature 01 Supply

Alpha _____________ Wells ______________
Brainard ________ Drilled
wells
and
springs.
Clermont _______ Wells and sprlngs______
Donnan __________ Bored
and
drilled
wells.
Douglass _______ Wells and ponds______
Eldorado ________ Drilled wells ___________
Elgin _____________ Wells _______________
Illyria ___________ Drilled wells ___________
Lima ___________ Wells __________________
Maynard _______ ____ do _______________
Randalia _____ __ __ Driven
and bored
wells.
Waucoma ________ Wells
__________________
Westgate _____ ____ Drilled wells ___________

Feet _______ ________ Feet
16-80
60 _______ ________ _______ Small.
2~

40-350
20-120

80-100 ______________ _
120 ________
15

80-180
40
_______
90-312
2(H!()
80
12-125
2O-1QO
20-150

100
50
1~
________ ________
20
______ 16-60
80
188
40 70-175
40-60 _______ 16&-210
______ ____
20
90
20
_____ _______ ________
8&-40
80
10

Do.
Large and small.
Small.
Medlum.
Small.
Do.

WELL DATA.

The following table gives data of typical wells in Fayette
county:
Typica.Z Wens 01 Fayette Oounty.
.!II

...
u
0

Owner

Location

'r. 92 N., R. 10 W .

(Fremont).
______ 5
Fred Barle
miles southeast of Sum·
nero
Dleperkoph __ ____ do _____ __
Town -------- Westgate - ... ----

-

J . 1. Minckler____ 2

~

miles south·
west of West·
gate.

T. 91N., R. lOW.
(Oran).
O. I ,. Egan ______ NE. i sec. 5___

0

...

!::

o~

.....

,.,,00·,1"''''

Po
Po

:I

0",

=-:1

Ou

CIS

~~
"",2

c'"

A

'"

~~

~~

Feet

Feet

Feet

Feet

141

139

155
9B

149
80

fPo

60

S4

,d

Po

......
Po
,d'"

a_ .. _____

B5

-------- ... ------

20

Supply

Remarks
(Log given in
feet)

CIS'"

Llmestone_

-115

LiiiieStone:

-80

Sand ______

+25

B4 Limestone.

+

Used for fire pro·
tectlon only. DIameter, 6 In.
A little clay on
top; then all sand
to bottom. DIameter, 5 Inches.

5 Valley of Little Wapsipinicon
river.
Supplies
water for fishponds. Yields 15
gallons per min·
ute from 5-lnch
pipe.

400

uNi::rERGROUND WATER RESOURCES OF IOWA

Typical wells in Fayette County-Continued

I·

Owner

.loI

...
"0

,d

PI

III
. ~

Feet
Peter Kanten ---- SE.! SE.; sec.
10.
Edward Dundell__ 8 miles west and
1 mile north
of Oelwein.
1
mile west of
Ohlcago Great
Western Ry. __ Oelwein.
Do ----------- 6 miles west 01
.Oelweln. 9 ____
.lohn Gerken ---- NW. ; sec.

0

::I
0111

,d

,dill

PI

III
~

Feet

O,c

«> ...

~

.. .. ....... ...

Location

.

;..

'a

>::1

Source 01
Supply

PIal

Remarks
(Log given in
feet )

0"

~IJ

",,£

~IJ

cd II>
~,c

Feet

Fee.t

-------- Yellow

55

45

70

67 -------- Limestone_ -------- All clay to rock.

120

limestone

116 -------- ------------ --------

6J

eo

100

48

HU

138

Do .

-------- ------------ -------40 Llmestone_

-

21 Diameter 6 in.

T. U1 N., R. !l W.

(Jefferson) ·.
_ -Barr ____ ~ ___

S~. iN],.

; sec.

- ........ ._-- ------------ --'- --..:-- All blu~ clay to
rock.
140
- 00 Hill.
Ol)llI'eln town wells -------- -- ------_. - - 1,15
Do ____ " ______ Northwest part -------30
.
of town.
60 __ c ____________ Sand ______________ ' All sand;
wells
Oathollc OhurCb __ Oelwein -------not 100 feet distant on either
side strike rock
in 3 feet.
Olay, 60; sand,
110 -------- ________ 1_.:.._ do ---Richard Swartz.._ SE.- ; NE. It sec.
20; clay.
. •
.
8.
80 ___~ ___
. SO ____ do. ---- -------_ Oyerflows.
Julius TallmaIL_ ti mUes. northwest of Oel·
weln on Otter
creek.
c,

~-----~-

__ Plutt . ____ .. ~ 1 mile cast of
Oelwein.
Oreamery _____ ___ At Or aft's , east
of Oelwein __ _
Frallk Crngin . __ 2 O~f~::ln~ast of

102

100 _____ ______ ______ -"_________
,
'

~

70 ________________ GraveL ___________ _ Blue clay,
50;
sand, 20.
40
38 _____ ~- Sand ______ - 20 Sand, 2; yellow
clay., 10; sand,
26; limestone, 2.

'1'. 92 N . , n. 9 W.
' H!U'lnr,) .

i

120

oJ. Heu;·er ________ NE. i NE. i sec.

40

-_ Barnes ______ SW. ~ NW.
sec. 20.

-

13.

McMaster ___ NW. i NW. i
sec. 15 • .
Do ________ • ___ 1 mile north 01
preceding.

___ .________.____ .:.. ___ SW. i · SW. ;
.
sec. 36.

SO
15(t

130

118

Yellow clay, 10;
blu~
clay , 50;
Quicksand,
25;
dark clay and
sand, 83; lime·
stone, 2.
32 ________ Llmestone_ - 15 A. good stock well
on low ground.
70 _____________ ___ ... __________ _
-00

145

-------,--------1--------------~-----

OIays, 60; Quick·
sand, 15; brownIsh · sand and
elay, 50; Qulcl\sand, 20; limestone, 5.
Drift clays, 100;
~a nd,

30.

.
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Typical wells in Fayette Oounty-Continued

aPo

.1:1
....
Po

.,

~

Fcet

1'. U1 N., R. 8 W.
(Scott) .

Po
.,

175

175

Frank She"!1JII'-- __ SW. ~ SE. ~ sec.
O. 15 ________ _
___________________ Scc.

180

~

Source of
supply

o~

til

Feet

Feet

158 Limestone ________ _ Clay, yellow, a5;
clay, blue, 105;
dark soft muck
without gri~, SO;
sand and gravel
on rock.
High ground; yel·
low
and
blue

15.

cla.y,
20.

170 Sand ______

171

150

142

Jesse Paul ----- --- SW. ~ SW.
sec. 21.

130

127

Charles SlTiitlL --- ISW. ~ SW.
sec. 12.

160

155

~W.

~

SW.

sec. 20 .

-

36

1________

------------ --- -----

148

Turner --_____ SE. ~ SE. ~ sec.
33.
__--____ ____________ SW. i SW.
sec. 34 .
W. B. Stevenson_ SW. ~ sec. 26__ _

114

114 ________ Sand and

J. ,T. llogerL _____ NE.

218

160 / __________ ~~~_~~~~_

-

gO

20 ________ _________

-

60

~

sec . 27 __ _

____________________ NE.

~

NE.

sec. 24.
____________________ SE.
SE.
21.
~

~

150

150

100

Dry blue clay, 170;
sand 1.

80; yellow
tine sand,
25;
blue clay,
37;
limestone, B.
Clays, 45; quicksand, 82; limestone, 3.
Clays, 40; sand,
115; limestone 5.

1 __________ __ _______________ _

________ 1
1________

Mostly clay to
rock.
Clays 135; sand 15;
Not strong.
_______ _ Diameter.
5 in.

Sand _____________ _
gravel

sec .
£05

205

200 Sand ______

miles south·
west of Arling·
ton.

205

200

2GC Crevice
in rock

C. Gundlach __ 3E. ~ sec. 31. __

73

70

H. H. Smith ______ !

s'und,

1. __________________________ _ Clays,

!

-

155;

Ends in rock.

T. 92 K., R. 8 W.
(SmJthfield) •

Stephen Payne --

Remarks;
(Log given in
feet )

~~

'C£

.,'"
".0

PoOl

~~

Feet

sec.

SE.

...

.1:1'"
~ ....

~

158

~

000
~

.1:1

leo

l'etcr Kraft _____ .. NW. ~ SW.
sec. H.

Pufict _______ SE.

:>

E

Location

Owner

..

.,0.0
..
>:>

~

,!oj

""0.

-100

fect
stone.

58

6 inches .

0{ lime·
Diameter

Blue clay, 20; limestone and clay.
40; limeiitone, 40.
Blue clay with tbin
streaks 0 f sand,
4 inches .thick,
200; white sand,
5. L~v~1 prairie.
Diameter, 5 in.

T. 91 N., R. 7 W.
(Putnam).

w.

70 ____________

-

2 Sand 10; gravel 3;
blue clay.
57;

rock, 3. Casing
tapped so that

well flows to tank
on lower ground.
Yields 2~ gallons
per minute from
6·inch pipe.

'1'.92 N., R. 7 W.
(F airfield) .
----------- .. -------- ~W. ~ sec. 0___ _

-----------.-------- NE.
5.

26

~

NW. } sec.

11111

150

. ------- Limes toue _________ Blue clay. 80: blue
limestone. 20.
40 ________ Crevico
-14G Drift 40; limestone
in Hmcwith crevice, 110.
stoue.

80
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Typical wells in Fayette OOttnty-Continued

Owner

___________ _______ __ NW.

~

NW.

Remarks:
(Log given in
teet)

Source of
supply

Location

a

sec . 6.
George Clough ___ Sec. 22 ________ _

F eet

Feet

Feet

204 ------- - ------ -- ---- ------- -

153

..

Feet
-----~-

00 ________ ___ __ _______

-

65

30 ________ Limestone_

-247

Yellow clay, 20;
hlue clay, 20;
limestone,
60;
"sandrock, IJ 9.
Diameter, {) in.

'1'. 93 N., R . 7 W .

(Illyrla) .

W. Flanegan ___ __ XE . l NE.

~

sec.

312

~

sec.

140

29.

Alexander Peters_ SW.

n.

~

NE.

Hill. Yellow clay,
30;
"sandrock,"
80'
soapstone,
~55; shale , dark
III
chips,
15;
limestone, 32 .
40 ________ $andstone_ -100 Yellow clay, 40;
limestone ,
60;
usandrock
40.
High ridge.
18 ____________________________ Volga r iver bot·
toms.
50 _____ ___ __ ___ __ ____ _ ________ Volga river bot·
toms , about 20
teet above river.
90 ----- -- - Limestone_ -100 Yellow clay, 40;
blue
till,
50;
limestone, 50.
I JI

------- ------ ------- NF.. ~ SW. ~ sec.
25 .
---------------- --- NW. ~ NE.
25.

--- ------------ ----- NW.
4.
'1' . 93 N., R. S

(Wcstfield) .

a scc

~ SW.~

75

sec .

w.

J. Orr --- -------- - SW. ! XE. ~ sec.
21.

147 _________________ ____ ___________ ____ Ridge. No water
obtained. Yellow
clay 30; blue clay
50; limestone, 62;
yellow,
porous

limestone,. 5.
High ground. Yel·
low clay, 16; blue
clay 44; rock and
clay, 1; gray
limestone,
149;
"sandrock," 2.
1CO __________________ • Yellow clay, 40;
limestone,
150;

------------------- XF.. ~ NW. l sec.
22 .

212 ________ ________ __ __ ____ ____

PeteI' Graft .----~- 3 mi~es north.
. east of Fay·
ette.
Bars --------- NW. ~ SW.
sec. 24.

200

40

28S

30

' - Whitely ------ SF.. l SE. ~ sec.

205

26.

~80

.___________

-192

-ISO

~~~r,stof~;' l~ime.
stone, 100; shale,
blue, caving, 150;
. unknown,
drill·
Ings washed out,

SO

200 ____________

S.
-183 Yellow

clay, 20;
blue clay, 60 (at
feet old black
soil, ilI·smelling,
5); limestone, 120;
"sandrock," 5.
________ Drift 5; limestone
60.
High level
45

-------------------- KP..
5.

--- ... --- .------ ----. XW.

! XE.

~I

sec.

G5 ________ • _______ "Sand·

rock"
~

NW.
7.

sec.
------------------- . NW. ~ SW.
sec. 19 .
- - Dye __________ SW. ~ SW. ~
see . 32.
Badger __ ____ Sec . 20 __ ____ __ _

80 -- ____ __ Limestone_

...:.. S()

prairie .

Blue clay SO; lime·
. stone, 20.
limestone;
plenty of water.
160
50 ____________ do ____________ Yellow clay, 15:
blue clay,
85;
limestone,
110.yel·
130 _____ __ _________ . ___________________ Drift
, mainly

100

45 --- _________________ do ______ ______ Al l

l~~~ till, 30 ; roc",
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Typical wells in Fayette.. Oounty-Continued
~

..

Owner

:!
0'"

E

Location

~

.c

.c"
....

"

~~

p.

~

Feet

93 N., R . 9 W.
(Cent<'f).
~

Clarence Moultou_ NW .

NW.

sec. 20.
~'.

93 N., R. 10 W.
(Bvnks).
N]'. ~ );E.
J. J. Cnvlin______ 26.

~

140

sec.

lUO

~ src.

133

T. 9-1 N., R. 7 W .

....

">0.
0.0

Source of
supply

""'"

Q

~'.

'"
""....

'i3.

<>
0

Feet

I

0<>

Remarks:
(Log givp.n in
teet)

.o~

01
0
'tl_

."
".0

tIl

Fect

Feet

135 ______ .. _ Limes tone _________ Yellow clay, 10;
clay, 70:
blue
Quicksand:
55;
limestone, 5.
lS7 -------- ________________ __ __ Nearly
all
blue
clay; a little sand
on rock. Ridge.

(Pleasnnt Valley)

____________________\81'.

1.E.

31.

I
80

sec.

130

40

Canning Faetory_ Elgin --- --------

125

30

John BtaekJin ____ SW.

~ ~E. ~

18.

1-------- ------------ -------- Yellow
clay,
10 7

-

"Sandrock_"
.

1_______ _

Limestone_

and blue
so: "sandrock," 55_
- 98 Ycllow clay, 30;
blue till, 10; residunl flints, 12:
limestone.
40;
"sandrock" da,rk
brown, soft, 38.
- 45 Sand, 30; blue soft
limestone,
10;
u

sandrOCK,7l

16;

limestone, 70.
1'. 94 N .. R. 8 W.

(Union).

-----..--- -- --____ _

:1'.

~;cc.

111 ________ _

100;
16.

UI S .. R.!I W.
(\"ind~or)

StIC.

11' __ . ______ _

___ __ ____ __________ . N. ~
18 .

l\'J~ .

~

46

46 Umcstone_

+

D i a :01 c t e r ,

61

inches _
F lows
strong
stream.
________ Water from sand
under blue till.

sec.

Mtthlownay _. Sec. 35 ___ . ____ _

T.!Iii N .. R

shale,
limestone,

1 ~ 4:

.

.Tohn \Vugnt..'r ___ .

-

25U _________ __ _________________________ Drift.

+

no

7 W.

( Clermont) .
Wilkt!s

William~

__ SE. 1 sec . 2L __ _

- --------- -- --- -----

Wi IIi tI 1lI

(~arvry

___

SE_ ~ !'.E _

sec

401

40

51-:. ~ sec.

2jO

50

I:l.

~F. .

17. "

36 _______ _

Crcvmel'V ___ ______ Clermont

~

2~ 8I1ale______
Galena oJ'
Platteville
limestone.
250 Limestone_

_ 10 Starts in Upper
Maquoketa shale.
Diameter 6
incbes_
-390 Loess, 10; drift.
30;
shales and
limestones,
361Diameter ,
6~
inches.
-210 HilL Yellow clay,
25;

_____ _

42

o ____________ do ___________ _

blue

till, ?5;

residual flints. S;
blue
limestone,
100: "sandrock,"
40; limestone,52;
"slate,'"' 20.
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HOWARD COUNTY

BY O. E. MEINZER.

TOPOGRAPHY AND GEOLOGY.

The greater part of Howard county shows the gently undulat ·
jng Iowan drift plain, all parts of which have a competent drainage, though the streams have not yet cut deep valleys. In the.
northeast, however, the Iowan drift is aosent and a strong- erosion topography has been developed. In large areas near the
western border, and especially in Jamestown township, the total
thickness of glacial drift is more than 200 feet and in certain
localities it is more than 300 feet; farther east it becomes much
thinner, and near the northeast corner the valleys al'e incised in
bedrock whiGh is extensively exposed. Owing to the irregularities of the rock surface, radical differences in the thickness of
the drift may be found in wells at poinh; not far apart and at
practically the same level.
In the outcrops in the northeast, Devonian limestone is seen
to rest on the Maquoketa shale, and this in turn on Galena limestone. As the strata are known to dip gently toward the southwest, it is probable that the Maquoketa and Galena pass to
greater depths in this direction and that the indurated limestone
which is everywhere found immediately below the drift is as a
rule Devonian in age.
UNDERGROUND WATER.
SOURCES.

The water supply is derived from the glacial drift and the
underlying limestone formations. The bulk of the drift is impervious bowlder clay which yields no water, but at certain levels
are irregular beds of porous sand or gravel, which are generally
charged with water under pressure. The limestone is compact
and impervious, but contains fissures and solution passages that
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were probably produced by preglacial weathering. These open
spaces are filled with water, which is delivered freely to wells
that connect with them. In the areas of deepest drift most of
the wMls end in sand and gravel, but elsewhere the majority
enter rock. Many wells end in saturated beds of fine sand that
persistently rises with the water. In such wells both watef and
sand should be cased out and the drilling should be carried into
the limestone if necessary.
The drilled wells vary widely in depth. , In the area of thick
drift many good wells are less than 100 feet deep; on the other
hand, wells between 200 and 300 feet deep are not uncommon.
In the northeastern part of the county, where the water level is
depressed by the presence of deep valleys, it may be necessary to
drill several hundred feet into the rock in order to procure satisfactory supplies.
FLOWING WELLS.

In the valley of Upper Iowa river, west and north of the village of Chester, a group of 12 or more flowing wells lie near or
north of the state line. They ., 1'~:ug~ in -depth from 80 to 100
feet and are supplied from gravel ~.en.eath ,a layer of impervious
clay. The valley has been cut slightly below the level at which
the water stands in the drilled wells on the adjoining upland
plain, but not deeply enough to impair the clay layer in its function ,a s .a confining bed. Hence, ih wells drilled in the valley the
water.' rises to nearly the same height as in the upland wells or
slightly above the valley level, thus giving rise to flows which
range fro~ a mere dribble to 30 or 40 gallons a minute. Indeed, in several of these Wiells the artesian pressure is so slight
that the flow is noticeably affected by changes in atmospheric
pressure. A 65-foot flowing rock well was also reported southwest of Cresco in the NE. 1.4 sec. 11, T. 98 N., R. 12 W.
Wherever the drift is continuous and but little diss'ected it
seems to playa double part, receiving the rain water and in some
way transmitting it to the deeper porous deposits and ·e ventually
to the crevices of the limestone, and yet ,a cting in general as a
confining bed. Thus, if at ~l1y point in the western part of the
county a hole is drilled through the dense blue bowlder clay, the
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underlying sand, gravel, or rock is invariably found to be filled
with water, which rushes into the drill hole and rises under artesian pressure. As already stated, entirely different conclitions prevail in the northeastern area, where the drift sheet is
dissected and the upper pervious formations are drained into the
vallews" thereby giving rise to springs, but at the same time depressing the water level far below the upland surface. This
difference is well shown along Upper Iowa river as it flows from
the area of deep drift into a rock valley. That the influence of
the outcrops is effective as far up as Chester seems to be iuclicated by the fact that flowing wells ·a re obtained in the valley
above the village, but that attempts to secure them in the valley
below the village have generally failed.
Enough is known in regard to the head of water from the deep
beds to make it certain that flows can not be obtained by deep
drilling at Cresco, Lime Springs or Chester and that the water
would remain far below the surface. Even where large supplies
are required it does not seem advisable to drill more than a few
hundred feet into rock.
CITY AND VILLAGE SUPPLIES .

Cresco.-The public supply at Cresco (population, 2,658) is
obtained from two wells drilled into rock, the cne ending at a
depth of 196 feet and the other at a depth of 396 feet. The waterworks include a standpipe with a rather extensive system of
. mains. It is est~mated that about 75,000 gallon of water are
consumed daily.
The Chicago, Milwaukee & St. Paul Railway well is 1,045 feet
deep, and its curb is 1,298 feet above sea level. It was completed in 1878, but was aband'oned because no satisfactory supply
was found.
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Record, of stratal in Ohicago, Milwaukee & St. Paul Railway wen at Oresco.

I. Thickness I

Depth

Feet

Feet

Alluvial deposit and shales ________________________________ __ ______________ ----Limestone (Devonian, Maquoketa, and Galena) ____ _______________________ _
Shale, gray (Decorah) _____________________________________________ ----------Limestone (Platteville) ___ ________________ ____ ________________________________ _
Shale, calcifer0.us, gray (Plattcville) __________________________________________
Sandstone (Samt Petcr) __________________ -'-________________________________ _
Limestone (Shakopee) __________________________________ __ _____________ ___ "_
Sandstone (New Richmond) ________________________________________________ _
Sandstone, calciferous (Oneota) _______________ ~ _________________________ • __
Sandstone (Jordan) _____________________ : _________________'______________-----

j.

~

---j

42 '
4g4 '
40
25

3&

65

115
10

160
58

42
536
576

601
637
702
817
827
987
1,045

'Based on driller's Jog.

WINNESHIEK COUNTY

BY W. H. NORTON.

TOPOGRAPHY.

The important topographic :£ea~ll;r:es of Winneshiek county
are for the most part dne to the -d€ep iJ;lcision of valleys in an
ancient uplifted ba e-Ievel of erosion now marked by the general accordance of level of the sUIDIJ;lits of the existing ridges
and divides. The edges of a large number of formations, som(~
water bearing and some dry, are thus exposed along the valley
side. The maximum relief is not far from 600 feet. The CrescoCalmar ridge rises to a height of 1,269 feet above sea level, and
the high ridges north of Upper Iowa river reach a height of
1,360 f.eet above sea level a short distance west of Hesper. The
flood plain of Upper Iowa river on the eastern boundary of the
county descends to 760 feet.
The divides separating the trunk streams and those interven'ing between their tributary valleys are broad-shouldered, wellrounded ridges, carved by storm water into a multitude of
branching and rebranching ravines. The summits of the main
,divides are gently rolling, but as the trunk streams are approached the incision of the deepening valleys becomes sharp
and precipitous bluffs mark the outcrop of the stronger strHta.
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In the western part of the county the drift sheets laid down
by ancient glaciers are sufficiently thick to mask in ·part the
erosion topography and to form the gently undulating plain of
Jackson, Sumner and Orleans townships, in which erosion has
been least 'and deposition greatest .
.Although the principal streams of the area have reached maturity, the valley floors have not been widened sufficiently to
give them importance for -agriculture or as sites for towns.
GEOLOGY.

-The geologic formations, from lowest to highest, expos-ed to
view in the county are the following:
1. The Jordan sandstone, a coarse soft sandstone, outcropping
only in the eastern part of the county in small areas at the
base of the bluffs -along Bear and Canoe creeks. About fifty
feet of the upper beds of the formation are exposed.
2. The Prairie du Chien stage, consisting of (a) the Oneota
dolomite, a body of light buff or whitish dolomite, 150 feet
thick; (b) the New Richmond sandstone, about 24 feet thick;
and (c) the Shakopee dolomite, a dolomite resembling the
Oneota, graduating downward by arenaceous beds into the New
Richmond and ranging from 50 to 80 feet in thickness. The
Prairie du Chien stage is exposed only in the northeastern
parts of the county, forming the country rock over most of
Highland township and the eastern part of Pleasant township
and extending up the valley of the Upper Iowa as far as Freeport.
3. The Saint Peter sandstone, soft and incoherent, white (except where stained with iron 'by infiltrating waters), without
well-qefined bedding -o r lami11'ation, composed of grains of clear
quartz, well smoothed and rounded. The sandstone comes to
the surface in a narrow belt along the bluffs of the Upper Iowa
and its tributaries as far west as Freeport. The thickness of
the Saint Peter in its outcrops is about 60 feet.
-4. The Platteville limestone, Decorah shale, and Galena limestone. The lowest of these formations, the Platteville limestone,
succeeds the Saint Peter sandstone; it includes a basal shal-e (the
Glenwood shale of the Iowa State Survey), about 15 feet thick
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and1.n places sandy, forming a transition bed to the Saint Peter
sandstone, and an upper bed of limestone about 25 feet thick.
The Platteville is overlain by the Decorah shale, a calcareous
greenish shale 30 feet thick, containing interbedded limestone
layers, named from its excellent exposures in the 'Dug-Way" at
Decorah. The Decorah shale is in turn overlain by the Galena
limestone, about 225 feet t.hick, which in. this county is mostly
nondolomitic but which, in counties to the south and east, conRists chiefly or wholly of massive dolomites. These three formations (Platteville, Decorah and Galena) form the country rock
from Hesper west to the Howard county line and thence southeast to Nordness. They cap the ridges lying between Upper
Iowa river and Canoe creek and those extending south of the
Upper Iowa from Decorah to Washington Prairie.
5. The Maquoketa shale, which includes a lower shaly limestone 70 feet thick, a plastic blue shale 15 feet thick. dolomites
and limestones 40 feet thick, and an upper blue shale 120 feet
thick. The Maquoketa for the most part outcrops south and
west of Upper Iowa river. It forms the bedrock over most of
the southeastern townships, occupies the long spur leading from
the high Calmar-Ridgeway divide to the Upper Iowa valley, and
also the ·valley of Turkey river on the western side of this ridge.
6. The Niagaran dolomite, which occurs in a few small outliers in Washington township near the Fayette county line, with
a maximum thickness of 75 feet.
7. The Devonian limestone, which forms the surface rock in
Jackson and part~ of Sumner, Lincoln, Orleans and Fremont
t.ownships and in a narrow belt capping the Cresco-Calmar
ridge as far east as Calmar.
8. Pleistocene deposits, including drift sheets and loess. Two
drift sheets have been recognized within the county. ' The lowest,
the Kansan, is a stony clay occurring in patches chiefly on the
uplands in the eastern part of the county; the upper, the Iowan,
is a thin stony clay covering the western third. Between these
two stony clays occurs the interglacial Buchanan gravel. The
loess, a yellow loam, mantles uplands and valley slopes outsid~
Qf the area of the Iowan drift and attains in place.s a thickn'ess
of twenty feet.
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UNDERGROUND WATER.
SOURCES.

The Wide range of geologic formations exposed within the
county affords an unusually larg·e number ,of water beds. The
lowest of these is the Jordan sandstone, from which springs
rise at Highlandville and elsewhere in the northeastern townI-lhips, and to which some of the deeper wells may penetrate .
. The Saint Peter sandstone is entered by the deeper wens in
the s,ame townships and affords a pure and plentiful supply,
~,lthough with a low head requiring a long lift.
The Galena and Platteville contain very important water
beds, especially in their lower limestones; which in the Galena
rest on the Decorah shale, and in the Platteville rest on the
shale member to 'which the Iowa State Survey has given the
Harne Glenwood. Over the eastern part of the county they furnish inexhaustible suppHes under a head sufficient to bring their
water close enough to the surface to be easily pumped by the
. wind engines commonly employed.
The limestones of the Maquoketa shale supply some springp
and wells. The heavy shales of this formation are dry but s,erve
a most useful purpose in collecting descending ground water
above their impervious upper surface either in overlying lime stones or in the superficial deposits of the drift.
The different drift -clays with their interbedded sheets of sand
and gravel and the ' sandy layiers forming ·the base of the loess
afford a supply often sufficient for house wells, and in the southwestern part of the county, where the drift is thickest, f6r stock
wells also. : :,
. DISTRIBUTION.

1.
As the water 1;>eds of the county are so numerous and the
topographic 'r elief is so great it is p-ifficult to define any water
provinces without goi1;lg into e~tensiye detail. Even the townexact descriptio~n.
ship is too large a unit to permit
r
..
.
In general terms it may be said that on the ridges of the north- '
central part of the county, fi'om N ordness to Hesper and to the
~
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northeast corner of the county, wells find water at the base of
the Galena where its waters are held by the underlying Decorah
shale. Where this supply is not tapped, becaus1e the well may
fail to strike a water channel, the Saint Peter sandstone, from
60 to 100 feet deeper, is the next source. Water in the Galena
has a higher head than the water in the Saint Peter, rising
within 70 feet of the surface or eVlen nearer, according to the
local relief. Water in the Saint P€ter rises only a few feet above
the water bed; its supply, how~ver, is large.
In the extensive area underlain by the Maquoketa shale water
is found in the limestones interbedded with the impervious shales
of that formation. Thus at Calmar, where the drift at the Chicago, Milwaukee & St. Paul Railway roundhouse is 65 feet thick,
water was found at 90 feet in limestone above the first bed of
shale, and at 160 feet in limestone below the same bed of shale.
Some water was also struck on the rock at 65 feet. The' Maquoketa waters rise within 100 feet or less of the surface.
Exceptionally it is necessary to go for large supplies to the
chief water beds of the Galena above the Decorah shale or even
to the Saint P eter. First water was reached at Calmar at 520
feet, and second water at 605 feet below the surface.
On the high ground between Calmar and Decorah farm wells
commonly obtain water in the upper limestoneR of the Maquoketa
at 75 to 10'0 fe et below the surface, the snperficial clays here being from 20 to 40 feet in thickness. Water sufficient for farm
wells is not now found in the drift and all wells enter rock.
On the ridges about Ossian some wells find water in the upper
few feet of the country rock, but many are compelled to go several hundred feet deeper to tap the deeper limestones of the Maquoketa, and eveJ;l, exceptionally, to descend to the Galena. The
diversity and complexity of the conditions are, illustrated within
the narrow limits of the villag,e of Ossian, where some good house
wells obtained water within thirty feet of the surface; several
wells go down for 100 to 300 feet; and Olle reaches a depth of
. 735 feet.
In the ravines and in the valleys of the creeks, ground water
stands naturally nearer to the surface, and where the country
rock is limestone, may be found in rock wells 35 to 40 f,eet deep.
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On the plain of Iowan drift in the southwestern townships water may locally be found in glacial sands and gravels, although
not infrequently it must be sought in the underlying Devonian
limestones.
SPRINGS.

Winneshiek county is one of the most favored in the state in
the number of its springs and in their generous supply of pure
water. In the eastern part of the county springs are found
a.long each v'~lley and ravine, furnishing a perennial supply to
the clear running creeks. The chief source is immediately above
the Decorah shale. Waters descending by sink holes and
through the creviced and cavernous Galena limest ones are gathered into definite courses and issue in large springs where these
waterways are trenched by the ravines.
Among the best known ' springs from this horizon are Union
Springs, on the farm of Beard Brothers, west of Decorah. Strong
springs issuing on both sides of a ravine unite in a swift-flowing
creek a rod wide, which at one time was utilized to run a feed
mill. . The August temperature of the water is 47.3° F.
Mill Spring, on the side of Upper Iowa river at Decorah, is a
powerful spring with an August temperature of 48°, issuing from
the summit of the Decorah shale well up the steep valley side,
thus giVing considerable water power, which in past years has
been utilized to run a saw mill. At the west of the ·present debouchure and about twenty feet above the river a heavy deposit
of brownish soft porous travertine has been laid down by the
calcareous waters. Another noteworthy spring from this horizon
is Cold Spring, a few miles northwest of Bluffton.
A large cavern, which gives re xit to a characteristic underground stream from the Galena limestone is situated in section
34, Glenwood township. The mouth of the cave is described as
a pointed arch forty feet high and sixty feet wide.
Most 'notable, however, is the Decorah ice cave, formed in
part by the enlargement of a master joint and in part by the
creep of the massive Galena over the underlying shale. This
cavern shows the peculiar phenomenon of ice forming on its
walls in spring and early' summer and melting in late summer
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and early autumn, the walls remaining dry and bare in late
autumn and winter. The solution of this interesting problem
throws some light on the movements of ground water in the miles
of crevices in the Galena. The freezing temperature reached by
the underground air in early winter is maintained until late in
the summer. Moisture from the surface is ·sealed · out by frost
during the winter, but ice begins to freeze on the cold walls of
the cave as soon as the ground thaws enough in spring to permit
the entrance of water from abov,e. The ice remains until after
the cold dense air has slowly passed from the great labyrinth of
underground passages through the opening and has been replaced by warmer air. By this time the summer is well advanoed,
and as the rainfall is slight the walls remain relatively dry until
the freezing temperature is again reached.
Another spring horizon is at the summit of the shale forming
the basal part of the Platteville limestone (Glenwood shale of
Iowa State Survey), bu:t the springs therefrom are comparatively small.
The Jordan sandstone affiords springs under hydrostatic pressure where it is cut by the valley of Bear creek from Highlandville east to the county line. Owing to the local northerly dip
of the strata the springs occur on the south side of the valley.
Springs issue also fr,om the limestones of the Maquoketa, as
in section 1, Jackson township.
The base of the Niagaran forms a still higher horizop., and
supplies a number of springs in Washington township.
CITY AND VILLAGE SUPPLIES.

Calma1".'-:'-At Calmar (population, 849) the water works are
owned by the municipality. Water is obtained fr,om a well 364
feet deep' and distributed, at a pressure of 50 pounds, from an
elevated tank with a capacity of 2,000 barrels. There are 16
hydrants, one mile of mains and 75 taps.
Well No.1 of the Chicago, Milwaukee & St. Paul Railway at
Calmar has a depth of 1,223 feet and a diameter of six inches
from 70 to 860 feet and five inches to bottom; no casing. The
curb is 1,261 feet above sea level and the head 150 feet below
the curb. The pumping cylinder, 3%, inches in diameter, is 374
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feet below curb. The tested capacity is 80 gallons a minute.
The well was completed III 1880 by W. E . Swan of Andover,
South Dakota.
Record ot st'fata" in cleep well No.1 at O(],Zmar.

\ Thickness )

Depth

Feet

Feet

No record _____________________________________________________________________ _
Ordovician:
Maquoketa shale (146 feet thick; top, 1,191 feet ahove sea leveJ)Limestone _______________________ ________ _______________________________ _
Sh ale ___________________________________________________________________ _
Limestone ____________________________________________________________ _
Shale, gray ____________________________________________________________ _
Galena limestone to Platteville limestone (392 feet thick; top, 1,045
feet above sea level)Limestone (Galena) __________________________________________________ _
Shale, green (Decorah) _______________________________________________ _
Limestone (Platteville) ________________________________________________ _
Shale (Platteville) ___________________________________________________ _
Saint
Peter sandstone
(67____________________________________
feet tbick; top, 653 feet above sea
leveJ)Sandstone
____ --------____
-________ _
Prairie du Ohlen stage (325 feet thick; top, 586 feet above sea leveJ)Limestone (Shakopee) ________________________________________________ _
Sand and limestone mixed (New Richmond) _________________________ _
Limestone (Oneota) ___________ _______________________________________ _
Oambrian:
Jordan
sandstone
(120 feet thick; top, 261 feet above sea level)--------Sandstone
______________________________________________________
Saint Lawrence formation (103 feet penetrated; top, 141 feet above sea
leveJ)Limestone ______________________________________________________ ----___ _

70

70

76
10
85
25

146

305
47
30
10

521
568
098
608

67

675

98
47
180

773
820
1,000

120

1,120

103

1,223

156
191
216

Well No. 2 of the Chicago, Milwaukee & St. Paul Railway at
Calmar has a depth of 365 feet and a diameter of ten inches,
cased to 66 feet. Its c.urb is 1,252 f,e et above sea level and its
head 65 feet below the curb. It finds water at 65, 90 and 160
feet. The pump c.ylinder, 53,4 in'ches in diameter, is set 100
feet below surface. The tested capacity is 115 gallons a minute
and the temperature 48.5° F. The well was completed in 1904
by J. F. McCarthy of Minneapolis.
The two railway wells are fifty feet apart, and while well No. '2
'Was being drilled the water of well No.1 was roily.
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Dl'iller's log of deep well No, 2 at Oalrnal',

IThickness I

Depth

Feet

Feet

Olay, yellow __ _________ _______________ _____ : _______ _______________ -------------Olay, blue _________________________________________________________________ _
Limestone, soft _______________________________________________________ _
Soapstone, soft ____________________________________________________________ _
Limestone, soft ______________________________________________________ --_______ _
Shale ________'- _____________________________________________________________ _
Limestone, hard _"- __________________ __ ______________________________________ _
Shale _______________________________________________________________________ _
Limestone: hard ___________ ____________ •__________ •_________________________ _
Shale ________________________________________________________________________ _
Limestone, bard _____________ _________________________________________ -------~

30

35 ·
i3
9
33
28
60
62

48
2
5

20
65
118
127
160
J88
248
310
358

360
365

Decorah.-Decorah (population, 3,592) is supplied from wells,
The well in common use is situated in the valley of Dry Run,
about 8 feet above the level of the creek. Its diameter is 15
feet and its depth 40 fe~t. The water bed is gravel, rock not
being entered. Water stands 15 feet below the surface and is
lowered 12 feet by pumping. The maximum yield is 468 gal,lons a minute, the water being pumped by a suction pump run
by electric motor.
For emergencies there are also used eight four-inch drilled
wells 30 fteet deep, located on the bottoms of Upper Iowa river,
about eight feet above water level and pumped by steam. The
water bed is gravel and the capacity of the wells is 240 gallons
a minute. Water is pumped to a reservoir and distributed
under gravity pressure of 110 pounds. There are 60 hydrants
and 61h miles of mains. The consumption is 160,000 g'allons
daily.
The Artesian Well & Wa,ter Oompany's well at Decorah has
a depth .o f 1,600 feet and a diameter of six inches. Its curb is
877 feet above sea level. It was completed in 1877. This well
is reported to have struck ,vater at about 28 feet and to hav,e
held it at that level until the drill reached a depth of 1,600 feet,
when the water .disappeared and the drill was lost. The COlltractors claimed that they were working in granite and aban~
doned the well. It is very improbable, however, that crystalline
rock was struck at the depth mentioned. Those who observed
the drilling found reason to believe that the rising water was
carried off laterally through a crevice in a limestone. Certainly
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the normal head of the deep artesian' water should give at Decorah on low ground a flow under a giood head. But lateral
escape would need to be guarded against, both through crevices
and probably also through the Saint Peter, whose water here
is under no great pressure.
The elevation at the Chicago, Rock Island & Pacific railway
station ~t Decorah is 862 feet above sea level. The green Decorah shale outcrops in the vicinity and the Saint Peter sandstone probably lies within a f,ew feet of the bottom of Upper
Iowa river. Five or six hundred feet is an ample estimate IOf
the distance to the Jordan sandstone and the stores of artesian
water which it contains. Besides, more or less water should
enter the drill hole through cr'evices and sandy layers of the
limestones which intervene between the Saint Peter and the J ordan. To tap the aquifers of the Dresbach and earlier Cambrian
sandstones, which supply the wells of McGregor, Lan!::ling, and
New Albin, a well should be sunk to about 1,200 feet below the
surfaGe.

Ossiatn.-At Ossian (population, 749) the well of E. V. Gilbert has a depth of 730 feet and a diameter of 8 inches to' 400
feet and 61/2 inches to bottom. Its curb is 1,258 feet .above sea
lev1el and its head 300 feet below curb. Water comes from 680
feet · and lowers 100 feet when pumped about 47 gallons per
minute. The well was completed in 1903 by J. F. McCarthy, of
Minneapolis.
Log of E. V. GiZbert well.
[Supplied by owner.]

I

Thickness

j

Feet
Surface,
white
blue shale, and blue rock__________________________
590 _
Sandstone,
drylimestone,
________________________________________________________________________
Unreported _____________________________________________________________________
90
So.ndstone, In thin layerR___________________________________________________
18
SaIidstone, coarse ___________________________________________________________
7
Limestone, white _____________________________________________________________
25

Depth

Feet
590

590

6BO
698

705
730

The above section, showing the occurence of two sandstones
at the level of the Saint Peter, is comparable with the .section
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of the city well at Postville. The upper sandstone falls in place
with the summit of the S-aint Peter at both Postville and Calmar, but the second, nearly 100 feet below the top of the first,
is low for the base 'of the Saint Peter. Unfortunately no samples nor any detailed log exist of this most inter,e sting well.
Minor supplies.-The following table gives statistics of miscellaneous village supplies in Winneshiek county:
Village supplies in Winneshiek County.

"'8""
Village

N!ltul'c of Supply
.0

P.

"'

~

E
P.

.0

"'

~

~d

"

E

;l",

"' ''

".0
~

"
0

Qi

.0
",.0

Volume of
Spring

oj'"

","

~"

Feet
Feet
Feet
Fe-et
Bluffton _________ Open wells and springs____ 15-50 ________ ________
15
Oastalia __________ Drilled wells _______________ 175-200
60 _______________ _
Oanoe ____________ Open wells and' springs____ 15-85
35 ________
10
Conover __________ Drilled wells _______________ 60-145
30 ________
40
Frankville ___________ Do. ___________________ 65-200
40
80
Fort Atkinson,-_ Wells _______________________
60
10
20
Freeport _________ Open and driven wells_____ 10-50 ________ £0-30
8
Hesper ___________ Drilled wells _______________ 85-80
10
25
Highlandville ____ Springs and drilled wells___ 35-67
15
20
Norclness __________ Wells _______ ________________ 100-300
50
175
65
Ossian ____________ Bored and drilled wells nnd 40-500
20
40
springs.
.
Ridgeway ________ Wells and clsterns__________ 50-400
100 _______ _

Lnrge.
Do.
Large and small.
Small.

~_______

27

Do.
Large.
Do.
Large nnd small.
Small.
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The following table gives data of typical wells in Winneshiek
county:
Wens in Winneshi ek Oounty .

...

Own er

...

J... oc ation

.£

2l

s"

'"

P.

.0'"
~'"

A

~

'"

~

Feet

In.

10.

~

Alvin Rollins ---- NE. ~ sec. 14 ____ 172
Do. -------- -- SE. ; sec. 1L __ . 285
L. W. Bennett __ NE . a' sec. 13____
70

..

IFeet.

61
12
13
65 ______

>

<5

0;

of l
.8~ Source
Suppl y

.c

.c

r.lOO N.,R.9W.
(Burr Oak).

""8<> d"il:

~

.....
,,"

'ti~

"'''

""'

~<>

Feet

Feet

160 Limestone_
265 Saint Peter
60 Gravel ____ .

Remarks:
(Logs given in feet)

72
265
40

1'.98 N., R.I0W.

(Lincoln).
O. O. Rue ______ _ SW.

36___
~ sec.
35
Wernark
__
H . L.
SW. ~ sec; ___
- -- -- -- -- ------ -- --- Ridgeway,
at
station.

-------------------- 1 mile south of
Ridgeway.
'.1'.99 N.,R.9 W.
(Bluffton)
John Sexton _____ Sec. 32 _________

96

4

60

6

8u

101

30

on shale.
-----

------

------ BIue clay at 211.

------

40 ------ ------------

6

50

T. Nelson ________ NW. ?t sec. 20___

276

6

40

W. E. Hoyt_: ___ _ NE. t sec. 28 ___

100

6

18

.

162 Soft rock_

50 10 feet above level

of Tenmile creek,
167 feet of casing.
Yields 2~ gallons
per minute.
270 Llmestone_ ------ 300 feet above One·
ota river.
Low·
ered 50 feet by
pumping.
Yields
4 gallons per min·
ute. Temperature ,
50 degrees F.
64 remperature , 48 de·
95 -----------grees F.

I

98 N.,R.9 W.
(Madison)

B. T. Barfoot - - SE.
19___
l sec.
_________ ;;
Do. ---------- Sec. 19

------

----_. 45-50 ------ ------------

187

~'.

26 15 feet above Turkev
river.

90 Limestone

------ ------ Sand

lOS

6
200 ------

30 -----33 ------

------------ 80
------------ ------

'1'.100 N.,R.7W.
(Highland) .
Julius Selmes ____ 3 miles east of
Hesper.

r.

li7

6

20

147 Sandstone.

147

224

6

20

194

107

6

15

194 ____ do .. __
69 • ___ do . ___

]00 N., R.BW .

(Hesper).
Frank Darington_ 4 miles southeast
of Hesper.
'JharJes Oasterton 4 miles north f
Locust.

69
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Wells in Winneshiek County-Continued

...

""::;
<.>

...

LocaLion

Own er

.c

~
OJ
I=l,

JlOJ
E

.

A

.E

.c

~
OJ
I=l

OJ

';l

"

of
£!: Source
Supply

Remarks;
(Logs given in feet)

.c'"
~'"

Co"

OJ",

I=l

1'. Uti N .. It. 9 W.

(Washington) .
____________________ Fort Atkinson _

100

0 ------

86

------------

'1'. UO N., R. 8 W.

(Military) .
224 __ _ ____
60 _________________ _
735 __ ==_: - 100- c _____
Yellow clay, 35; h! lIe
.
t ill,
61;
yelJo '.v
.
c1ay, 4; limestone;
shale;
limestone.

Anthony Bore ___ Ossian
____________________ ____ Do.

__________________

J:'uiJlic school ________ Do. _______ _
___ __ _______________ NE.
SE.
sec.
~

~

19;

John Collins _____ SW. 11 SW.
sec. 8.

..

____________________ N;;.

____________________ NR.

~

~

NE.

~

~

~ee.

NW. ; sec.

23.

I

134
198

~~40

22!l

,10 ______ ____________

396

48

181

====== ============

______ Llmestone_

370 J,imcstone_

300.

---~~-IIwater in white limeSO

stone
sha le.

underlying

50 Surface

clay. 40c
limestone, 25; l>lue
shale witlJ lime·
stone, 124; white
limestone, 31.
330 Yellow clay, 15; blue
clay.
33;
limestone, 22; shale
(MaQuoketa) with
interbedded
limp.·
stone layers, ]]5:
whito
limestone,
211.

'1' . 96 N., R . 7 W .

(Bloomlleld) .
____________________
T.USN.,R.S\\'.
(Decorah) .

S}~.

l )IE.

~

sec.

O. P. Rocksvold_ SW. ~ ~W.
sec. H.

,

186 ____ __

(2 ______ ___________ _ ___ __ _

19.
508

6~

JO

I

[,00 r UndSIOne-

I

380 may, 20; Iin:estone,

200' Saint Peter,
70; , "magnesia. I,
90; Cambrian or
Oneota, 117; Cam·
brian
sand. 13.
Water also at 375.

,
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CHAPTER lX.
UNDERGROUND WATERS OF THE EAST-OENTRAL
DISTRIOT.
INTRODUCTION.
BY W. H. NORTON •

.~

The east-central area frlonts on the Mississippi; it comprises
. the twelve counties of Benton, Oedar, Olinton, Iowa, Jackson,
Johnson, Jones, Linn, Muscatine, Poweshiek, Scott, and Tama.
The great Oambrian and Ordovician aquifers lie within moderate
distances of the surface and dip southwestward. Their waters
show increa~ing mineralization with increasing depth and distance from the area of supply, but are by no means unpotable.
From Monticello to Homestead the dip averages 10 feet to
the mille for the Saint Peter sandstone and 12 feet to the mile
for the Jordan sandstone. In the western part of the area the
southwestward dip of the Saint Peter is 9.4 feet to the mile from
Vinton to Grinnell. (See PI. VIII.) In the eastern part of the
district the Saint Peter dips four feet to the mile, from Sabula
to Vinton (PI. IX), but the greatest dip is southward, as shown
by the outcrops ,of the Devonian and Silurian rocks in the southeastern counties. Thus, though the dip of the Saint Peter from
Maquoketa southwestwardJo Tipton is but 6.8 feet to the mile
(PI. X), the southward dip from Maquoketa to Davenport is
11.5 feet to. the mile, and from Green Island to Davenport 12.6
feet to the mile. This southward dip is due in part to an upwarp
in the eastern portion of the area whose .axis seems to run
through or near Stanwood. The base of the Maquoketa shale
at Stanwood (PI. XI) is 150 feet above the level at' which
it would be found if the dip of the strata were uniform from
Olinton to Oedar Rapids. Both base and summit of this formation are lower at Olinton than at Stanwood, 50 miles west. From
Oedar Rapids west to Belle Plaine the dip of the Maquoketa is
6.3 feet to the mile and of the Saint Peter 5.5 feet to the mile.
(See PI. XI.)
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PLATE VIII
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In the eastern part of the district the' country rock-that is,
the rock at the surface or immediately underlying the driftis of Silurian age; in a wide belt passing through the central
part the country rock is Devonian; in the western and southwestern parts, including Tama, Poweshiek and parts ,of Iowa
and Johnson counties, the country rock is Mississippian. In
the ar,eas where the country rock is Silurian and Devonian tlY'
water of these formations may be allowed to mingle with that
of the deep aquifers without impairing the quality of the latter,
but the Mississippian waters are usually charged heavily with
sulphates, and their effect on the deeper waters is plainly indicated by the analyses of the waters of deep wells in the western
counties. The Silurian rocks also appeal' to become gypseous in
the western counties, and here their waters may increa.se the sulphate content of the water from deep wells.
Toward the south and west the aquifers lie deeper and their
waters are more highly mineralized, but in all parts of this
district the Cambrian and Ordovician rocks furnish potable
water.
The chief water beds are the Saint Peter, Shakopee, New
Richmond, Oneo,t a, Jordan, and Dresbach and subjacent Cambrian sandstones. (See PI. I, in pocket.) Artesian water may
also be found in the Galena and Platteville, as at Davenport,
Wilton~ and Grinnell; in the Niagaran, as at Homestead; and
in the Devonian, as at Cedar Rapids, Vinton, and Belle Plaine.
But none of the aquifers above the Saint Peter is dependable,
and all contracts for artesian wells should pr'()vide for drilling
to the base of the Jordan sandstone.
The lowest water beds-the Dresbach sandstone and the subjacent sandstones of the Cambrian-lie within the limits of
profitable drilling along Mississippi river and yield copious
supplies d excellent water at Clinton and Davenport. At Anamosa and at Tipton drilling was carried far into these terranes,
but no information as to their water beds is available. At
Cedar Rapids the first well d'rilled by the city water company
found, either in these terranes or possibly in a higher water
bed below the Oneota, a strongly corrosive water, on account
of which the well was plugged just above the vein. Wells
drilled later were stopped above this zone.
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As a rule, throughout the 'east-central district abundant water
may be found without drilling as deep as the Dresbach, and it is
recommended that the drill be stopped at the top of the Saint
Lawr,ence formation, or at least at the top of the glauconiferous shales of that terrane. In towns of the Mississippi valley,
however, where the higher formations are overdrawn, wells
should be carried to the Dresbach and the first sandstone underneath it.
In the extreme southwestern part of the district deep .a rtesian
'wells are not recommended for the smaller upland towns on
accounf of the expense of drilling and the difficulty in casing
out the poorer upper waters. Thus, in southwestern Poweshiek
county the Saint Pet'e r lies ahout 750 feet below sea level; in
towns situated 1,100 or 1,200 feet above sea level, therefore,
drilling ~ould have to be carried to a depth of 1,850 or 1,950
feet in order to reach that formation.
RENTON COUNTY.
BY H. E. SIMPSON AND W. H. NORTON.

TOPOGRAPHY.

Benton county oomprises a portion of the undulating prairie
plain characteristic of north-central Iowa. 'T opographically,
however, it is divisible into two strikingly contrasted areas
coinciding witli the surface areas of two drift sheets of diff,erent
age-the Kansan and the Iowan. The Kansan drift area~ em. bracing about 40 square miles in the southwest corner of the
county, shows a mature drift plain, thoroughly drained by
streams flowing in deep valleys on the broad flood plains. 'T he
Iowan drift area, comprising the rest of the county, is a very
gently undulating plain, broken by few well-defined stream
channels and containing many undrained depressions and small
marshy meadows and sloughs, the remnants of glacial lakes
and ponds. The marked topographic contrast is ascribed by
Savage to the fact that "The surface features over one por-

UNDERGROUND WATERS OF THE EAST-CENTRAL DISTRICT

423

tion of the area have been developed through the destructive
processes of erosion; those over the other part of the region have
been molded by the constructive agency of ioo,."1
The southwestern third of the county drains chiefly through
Prairie creek to Iowa river, which barely crosses the corner of
the oounty.
The larger portion of the area drains to Oedar river, which
flows across the northeast corner. The divide between Iowa
and Oedar rivers passes northwest and southeast through Rogerville and Van Horne.
'GEOLOGY.

\The surface of Benton oounty is drift covered exoept in the
broad valleys of the Oedar and Iowa rivers and their larger
tributaries, whose flood plains are covered with alluvium and
range in width up to two mil'es or more. 'T hree drift sheets are
represented-the Iowan, Kansan, and Nebraskan. B.etween the
Iowan and Kansan occurs in places the interglacial Buchanan
gravel, and beneath the Kansan drift the in,terglacial Aftonian
graveL Loess is also present in places above the ¢lrift.
Throughout most of the county the drift.is underlain by Middle
Devonian sediments. In a small area in the extreme' southwest
corner, however, the drift rests on Mississippian shale (Kinderhook stage). The MiddLe Devonian rocks are represented
chiefly by the Oedar Valley limestone, which shows a maximum
thickness of. more than 80 feet and by the Wapsipinicon' limestone, which is exposed along Oedar river and its tributaries,
Pratt and Prairie creeks.
As a rule the indurated rocks lie in conformable parallel beds
dipping slightly to the south, this arrangement being modified
only by a few slight and unimportant folds. The formations
underlying the Devonian are indicated by the geologic sections
(PIs. VII, VIII, IX), and by the well sections' on pages '430,435.
l!';ava~", T. E., Geol. of Benton county; Ann. Rept. Geol. Survey Iowa, vol. 15,
1905, p. 132.
'
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uNDERGROUND WATER.
SOURCE AND DISTRIBUTION.

Wat·er is obtained from the Buchanan gravel, the Iowan , and
Kansan drift, the Aftonian gravel, the Devonian limestones,
and from deeper artesian aquifers.
In the broad valleys of Cedar and I,owa rivers and their chief
tributaries water' is obtained chiefly by sand points driven 25
to 30 feet into the Buchanan gravel, which underlies the aJluvium at no great depth and overlies the bowlder clay of the
Kansan drift. Bored wells of about the sam€' depth. in which
the water stands not far from the river level, are also common.
A few wells ~n the Buchanan gravel yield flows, as is illustrated
by the 30-foot bored well, on the farm of A D. Seeley, one mile
southwest of Benton, and by the well owned by Joseph Kerling,
near the foot of the river bluff in the NW. 1,4 sec. 13, T. 85 N.,
R. 9 W., the water of which tastes slightly of iron and giv·es the
brownish yellow stain characteristic of ~ron-bearing waters.
The water ordinarily is wholesome, though it is liabl€ to pollution owing to the easy access of organic matter from th'e surface. , The Buchanan gravel is found l,ocally on the uplands
but there it affords a.n uncertain source of water.
A few :fine springs issue from the upper limestone outcrops
along the bluffs. A very large spring is on land owned by J. E.
Wychoff, in the NW. 1,4 sec. 9, T. 85 N., R. 9 W.
The most common sourqe ,of 'water supply in this county is
the Iowan and Kansan drift, whose combined thickness ranges
from 50 to 300 feet. It is difficult to discriminate thes-e' two drift
sheets in ordinary shallow wens, but the Iowan is so thin that
it is certain that most of the wells in the Lowan region pass
through it and end in the Kansan, in which pockets and lenses
of sand l:l-nd grav'el afford small but fairly constant supplies of
good water.
.
On the upland p'r airie in the northeast corner of the county,
north and east of the Cedar river valley, water is obtained
chiefly by means ,of shallow dug wells, some of which draw their
supply from sand and gravel lenses in the drift, but more from
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the porous gravelly beds lying beneath the till and resting on
the Cedar Valley limestone. The limestone is reached at
depths ranging from 30 to 150 feet and in most places yields
a bountiful supply ·of excellent water. A few wells penetrate
the Cedar Valley limestone for a short distance and find in it
a good supply of hard water.
In the creek valleys shallow wells easily obtain water near
the surface of the ground. South and west toward Cedar river
the drift is thinner, and, as the bedrock is nearer the surface,
rock wells are more common. The well on the farm of William
Pitts, in the NW. 1,4 sec. 1, T. 85 N., R. 10 W., where water is
·o btained in limestone at a depth of 76 feet, the drift being 46
feet thick, is fairly typical.
Southwest of the Cedar river vaHey, except in the Belle Plaine
artesian basin, bedrock is buried beneath a ma~tle of drift
ranging in thickness from 100 to 300 feet. Most of the wells
derive their wateTs from the sandy layers of the drift but a
few enter the Cedar Valley limestone to obtain a more permanent supply. N ear Cedar river the surfaoe is deeply trenched
by the valleys of tributary creeks in whose banks or bluffs the
DeVionian limestone outcrops.
In Taylor township, southwest of Vinton, the "better and
de'e per wells are about 125 feet deep and draw water chiefly
from gravel at the base of the drift. At the county farm 11;2
miles southeast of Vinton, a drilled well 175 feet deep obtains
water in the Cedar Valley limef:;tone' and supplies a small system of waterworks, the water being distributed by compressed
aIr.
In Canton township, where the limestone is near the surface,
fitock wells on uplands range in depth from 50 to 300 feet, and
obtain water from the overlying gravel or from the limestone
itself.
A f.ew good springs occur in the broken uplands near the
larger streams. One owned by W. J. White, 1Y2 miles northwest of Shellsburg, aff,ords a fair perennial supply for st-ock.
A spring one and one-half miles northeast of Shellsburg, owned
by Allen Primer, yi'elds a water strongly mineral.
At Garrison bored and dug wells 25 to 50 feet deep, are
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common. Throughout Jackson and Monroe townships, farm
wells are ordinarily 200 to 400 feet deep and draw hard water
from lime'stone.
The wells of Homer, Big Grove, and Eden tOiWnships obtain
water from gravel beds below the till and from the rock immediately beneath them. The water is as a rute good and soft.
In the vicinity of Keystone the common dug wells range in
depth from 20 to 30 feet and draw moderate supplies from
Kansan drift. On the lower ground, near the streams, a good
supply of water for stock is usually found in sandy soils within
8 or· 10 feet of the surface. Larger and more permanent supplies are obtained by means of drilled well, most of which obtain an abundant supply in gravel beds about 100 feet below
the surface. One well, however, two miles west of Keystone,
enters limestone at 250 fe et below the surface.
The Aftonian gravel, which underlies the Kansan drift at a
depth ranging from 100 t,O 300 feet in the southwestern part of
the cqunty, furnishes the' waters for the Belle Plaine artesian
basin. This gravel occupies the preglacial Iowa channel, which
extends across the extreme southwest corner of the county,
and though by no means continuous is found in many of the deep
drift wells of the central and SJouthern parts of the county.
BELLE PLAINE ARTESIAN BASIN.'

The Belle Plaine artesian basin includes practically all of
Iowa township and a small portion of Kane township in Benton
county, somewhat larger areas in the adjacent portions of Tama
and Iowa counties, and a small corner ,of Poweshiek county. It
embraces a little more than 100 square miles and occupies a
portion of the valley of Iowa river, across which it cuts diagonally at Bene' Plaine. The axis of the basin is more nearly north
and south than that of I,owa river and their intersection hera
appears but a coincidence. The basin is six or se'Zen miles
wide and the northeast margin, so far as Benton county is con'Much of the information co ntain e d in this brief account is derived from Mosnat's excellent report on th e a rtes ian wells of the B ell e Plaine a r ea (Ann. Rept.
Iowa Geol. Survey, vol. 9, 1898, pp. 521 -562). This report contains a large number 'of
well sections and a table giving data for nearly 200 flowing and non-flowing
w e ll s in the basin.
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eerned, extends from about two mil es north of Irving southeas t
to Luzerne and thence south to the county line. Topographically
the area includes some of the high rolling uplands margining
the Iowan drift, the more subdue.d Kansan plain, and th e low,
flat alluvial valley of Iowa river.
The' district became famous by the outbreak of the ' , Jumbo"
well in 1886. A brief history of the " Jumbo." well is given by
W. H. Norton,' who says:
The notoriety of "Jumbo" was strictly that of a m ember of the criminal
classes, and began with his resistance to control and lasted only until his final
imprisonment. Six artesian wells had previously been drilled in the drift at
Belle Plaine. In depth they varied from 210 to 301 feet, and the common head
of their water was from 3 feet below the surface to 45 feet above it, according
to the lie of the ground. * * * The seventh well, " Jumbo," was drilled on
lower ground than any of the others and r each ed the water-bearing stratum of
sand and gravel at 193 feet.
Local historians of, the well, which they please to t erm "the eighth wonder
of the world" 'State ,that the beginning of trouble lay in the fact that the driller
attempted to use the force of the fiow in reaming out the 2-inch bore, which he
had put down for want of a larger drill, to 3 inches, the dimension sp,ecified in
the contract. This task the water speedily accomplished in the unindurated
clays and sands, but not stopping there went on and soon enlarged the bore to
over 3 feet in diameter. Through this shaft the water boiled up in a fountain
5 feet in height-the press reports giving several hundred feet a'S the height of
this fountain were exaggerated-'fiooding streets and yards and covering them
with sand. It is estimated that from 500 to 1,000 carloads of sand were discharged from the well. The quantity was certainly so great that only with the
gr('atest effort could the ditches be kept open to carry off the water. Gravel and
small pebbles of northern drift were thrown out, and some pieces of fossil
wood 2 and 3 feet long. The maximum flow of water was variously estimated
at from 5,000,000 gallons to 9,000,000' gallons per diem. Two weel;:s after the well
was drilled Chamberlin calculated its discharge at 3,000,0{)0 gallons for the
same period. The enormous flow rapidly drew down the head of the other wells
until it sank beneath the surface.
The attempts to case and control the well continued from August 26, 1886,
the date when water wa's struck, to October 6, 1887, when the task was successfully accomplished.
During this time the well, 193 feet deep, devoured, as local historians tell us,
163 feet of 18-inch pipe, 77 feet of 16-inch pipe, 60 feet of 5-inch pipe, an iron
. cone 3 feet in diameter and 24 feet long, 40 carloads of stone, 130 barrels of cem ent, and an inestimable amount of sand and clay.

It may be of interest to add that in 1906 the entire flow was
' Norto n . W. H ., Ar t es ian w ells of Iowa:
pp. 350- 351.

A nn . Rept. I ow a Geo l. S urve y , vol 0,
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carried underground by an ordinary 3-inch tile drain and that
many teams pass daily over the former well site.
Water is obtained in the Belle Plaine area by wells ranging
in depth from 90 to 360 feet,. depending on locati,on, elevation,
and nearness to the middle of the basin. Not all wells in the
area yield flows. The flowing wells are most numerous and the
head is greatest in the southwest corner of the county on the
flood plain of Iowa river in the vicinity of Belle Plaine. To the
east and north the head gradually lowers until, on the higher
uplands toward Keystone and Van Horne, water is found only
at such depths and with such low head that its recov,ery is
difficult. The driller's log of the "Jumbo" well and the interpretation given by Mosnat' as typical of all the Hawing wells on
low ground is as follows.
Record of strata in "Jumbo" well, Belle Plaine.

I

I

'['hi
ck· Depth
ness

6. Soli with humus _________________________________ / Feet4
5. Sandy clay __________________ ___ _________________
12
4. Gravel and sand ___________ .____________________
8

~: ~r~~~la~~ywith-l~;yei;-~~-ijo~k~t~-~;T;;;d-a~d l

13
172

. gravel and occasional hard howlders.
1.j( a) Leaves and wood of ap old forest bed ___ ,' 1------H
b) Gravel and sand, water bearing at ______ 5
o. Nebraskan
till ______________________________ _

I

Interpretation

Feet
4 Recent.
16 (Loess.
24

37
209
209

I

Weathered Kansan till, or
loess.
Kansan till.
Aftonian interglacial stage.

------~---------------------------

These strata, down to No.1, do not differ from the usua.l soil,
loess and Kansan till, ,except in thickness. Stratum No.1,
which yields the water, is typical of Aftonian interglacial beds
.found in many places in the state. The old forest bed in the
upper portion is generally reported as about two feet thick, and
in this district overlies the gravel of the Aftonian--the aquifer
proper. The thickness of the gravel bed ranges from · tWiO' feet
to more than 46 feet, the maximum being unknown as wells do
not pass through it where it is thickest. This gravel bed grades
upward into :fine sand, the thinner deposits being in places
entirely of sand.
'Ann. Rept . Iowa Geo!. Survey, vo!. 9, 1898, p. 530.
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The aquifer is thicker in the middle of the basin than at the
sides. Cross sections worked out by Mosnat show conclusively
that the aquifer and the underlying Nebraskan drift sheet lie
within an old preglacial valley cut fully 200 feet into the Devonian limestones and shales and that the aquifer dips about
3V2 feet per mil<e southward. The old valley has since been
filled by the later drift, on which a new drainage system, inde~
pendent of the old channels, has been superposed. Unfortunately, the artesian water of the Belle Plaine area is unsuited for
general household purposes or for use in boilers or in manufacturing processes on account of the large amounts of. calcium
and magnesium sulphates and other salts it Qontains. For
watering stock, however, it furnishes an abundant and inexpensive supply, warm in winter, cool in summer, and perennially flowing. It is used on ev·ery farm on which it is available.
CITY AND VILLAGE SUPPLIES .

•

.Atkins.-As Atkins (population, 250) is 833 feet above sea
level, .the drill may be expected to reach the Maq~oketa shale
about 250 feet above sea level. Possibly some water may be
found both in the Devonian and in the Silurian limestones. The
dry Maquoketa shale is between 250 and 290 feet thick. It is
underlain by the Galena and Plattevil1e limestones, in which
some water beds may be discovered. The Saint Peter sandstone, with its assured supply of ~ood water, in this area probably lies about 300 f'e et below sea level. Any drilling should be
carried 300 to 400 feet deeper still in order to tap the large supplies of the Prairie du Chien stage and the Jordan sandstone.
The depth of a successful well thus would be probably about
1,300 feet.
Belle Pl0ine .-City well No. 1 (PIs. VIII, XI), at Belle Plaine
(population, 3,121), has a depth of 1,503 feet, and a diameter
of 10 inches to 215 feet, 8 inches to 503 feet, 6 inches to 1,300
feet, 5 inches to bottom of well. Its curb is 810 feet above sea
level, and its original head 34 feet below the curb; aft·e r three
months' use the head was 20 feet below the curb. Pump
cyIindei's are set at 63 and at 174 feet below surface; pumping
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capacity, 100 gallons a minute. The well was completed in 1907.
Water was fir st f,ound in the Aftonian gravel at a depth of
214 feet. This flow, estimated at 2,000 gallons a minute, gave
much trouble and made it impossible to drive the 10-inch casing
to bedrock. A second flow, estimated as at least 75 gallons a
minute, was struck at 316 feet fr·om the surface at the base of
a blue calcareous shale. An analysis shows that this water
contained 149 grains of solids to the gallon, including more
than /60 grains of scale-forming salts; magnesium sulphate
amounted to n early 13 grains to the gallon and calcium sulphate
to nearly 18 grains: On the advice of W. H. Norton, drilling
was continued and water was found in the Galena at a depth ,of
1,140 feet and in the Saint Peter at 1,280 feet, within 30 feet
of the predicted depth. The principal water bed is reported
at 1,486 feet.
Ten-inch casing was put down to . 215 feet, Imt it could not
be driven to rock. An eight-inch casing was put down to the
first limestone, found at 315 feet, and bedded in it without packing. As the water burrowed under this pipe, a six-inch pipe was
inserted to 174 feet, and within this a 5-inch pipe was placed
whose base was packed with le3.d at 503 feet. No casing was
inserted below this last depth. ,The total cost of the well, in cluding pumps and pipes connecting with the reservoir, wa;
$4,200. It was drilled by the J. P. Miller Artesian Well Company, of Chicago. A ' complete record of the well was not kept,
but some drillings were saved.
Recoret of stmf)x in dee.1J well at B elle Plain e.

'l'hiCk-! Depth
! ness
Feet
Pleistocene chiefly; no samples --------------- --------------------------------------Devonlun (]42 feet thick: toP. 527 feet above sea level):
Shale, blue, hard, calcareous, siliceous, pyritiferous; in small chips ___________ _
Shale, greenish, in concreted masses; two samples _____________________________ _
Limestone, light yellow-gray, rather soft; dull lustre; In small flaky chips:
rapid effervescence; six samples ______ ___________________________________________ _
No sample _______ ____ "______________________________________________________ __ _____ _
Limestone,
drab, _________________
hard, microscopically
quartzose; ____
with_______________________
mucb light blue chert;
three samples
____________________
___ _
Silurian:
Niagaran dolomite (305 feot thick; top, 335 feet above sea level)Dolomite, blue·gray, mottled, slightly vesicular; with a little chert; live
r;8Ifl'J.lh:S ___________________________________ • __ __ • _________________ •• ___________ _
Dolomite, buff, in crystalline sand ___________________________________________ _

Feet

283

283

12
20

315

29;;

60

375

10

:lS5

40
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475
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IThiCkness l Depth
Dolomite, blue, argillaceous_-------~ ------------- _____________________________ _
Dolomite, bufi, in sand ________________• _____________________________________ _
Dolomite, blue-gray, hard, siliceous; three samples _________________________ _
Dolomite,
blue-gray,
subcrystalline, ________________________________________
compact; some shale at 545 feet;_
_____________________
seven samples
Dolomite, white, minutely arenaceous ________________________________ .. ____ __ _
Dolomite, gray, in crystalline sand; three samples _________________________ _
Dolomite, blue, and white chert; four samples _______________________________ _
Dolomite, white, granular; cherty; with some greenish shale_______________ _
Dolomite, gray; two samples _____________ "______ ___________________________ _
Dolomite, gray, with much white chert; three samples _____________________ _
Ordovician:
Maouoketa shale (290 feet thick; top, 80 feet below sea leveI)Shale, blue, drab; twenty-four samples _______________ _________________________
Shale, brown-drab; two samples _____ ________________________________________ _
Shale; drab at 000 feet; greenish below; three samples _______________________ _
Galena limestone to Platteville limestone (200 feet thick; top, 210 feet below sea
level)No sa n1) leg ______________________________________________________________ _______
Limestone. highly argillaceous; in light gray concreted powder and meal;
re. idue ,~h~rty and minutely Quartzose; effervescence slow____________ ___ _
Limestone; in white concreted powder; effervescence slow; six samples ____ _
Limestone;
in fine meal, argillaceous residue of minute particles of_________
mottled_
chert ________________________________________________________________
Sh ale.. dr ab _________________________ __ ____________________________________ __ ____ _
Limestone as at 1,110 feet ___________________________________ _______________ _
No samples ____________________________________ _________________________________ _
DoIOl:llite .. buff, some Chert; in sand; two samples ___________________________ _
No samples _____________________________________________________________________ _
Dolomite, with chert __________________________________________________________ _
Lil11 e~ tonc, gray. granular , rapid effervescencc ______________________________ _
Limestone, argillaceous, in light gray concreted powder and meal ; rapid
cfferveHcp.ncc; higbly arenaceous at 1,260 and 1,270 feet . with minute
grains of quartz; seven samples _________________________________________ _
Saint Peter sandstone (40 feet thick; top, 470 feet below sea leveJ)Sandstone, wbite, grains well rounded, up to 0.8 millimeter in diameter;
some fragments of green shale; tbree samples ___________________________ ..
Prairie du Chien stage (183 feet penetrated; top, 510 feet below sea leveJ)Dolomite, light yellow-gray, argillaceous; in concreted lJu\I·der._. __ .. ___ _
Dolomite, light yellow-gray; highly arenaceous; grains of sand rounded,
some sbarp with secondary enlargements; two samples _____________________ _
~

~

00

"Sand rock;"

DO

samples ------------------------------------------------------

Marl, in powder and small wllite fragments, slolV effervescence; highly siliceous, with microscopic quartz; two samples _______________________________ _
Sandstone; grains rounded; up to 0.8 millimeter in diameter; clean, slightly
yellow from rust films on grains ___________________________________________ _

Feet

Feet

21
3
26

496
499

60
10
30
48
2
30
25

585
595
625
673
675
705
730

240

970
99G
1,020

2(}

30

525

20

1,040

10
00

1,050
1,110

10
10
10
20
20
10
10
10

1,120
1,130
1,140
1,160
1,180
1,190
1,200
1,21()

70

1,280

40

1,320

20

1,340

30
100

1,370
1,470

20

1,490

Ana l ysis at rock in B elle Plaine city well at 555 teet.'
CaCOo ___________________ - _____________ -- --_________________ -__ ____ ---___ __ __ __ _
MgCO, ______________________ ________________________________ --_________________
C aSO. ___ -_____ -_____ - ___ ---____ --- -_ -- -__________ _______________ -_ __ __ ____ __ ___
"-i 0. _________ ____________________ __ _____ ________________________________________
F e 0, _____________ _________________ -_ __ __ __ __ __ ____ __ ____ __ __ _______ ____ __ __ ___
2
AI,O.
________________________ ______ _-__ ___ __________________ , ___ __ __ __ ____ _____ _
H"O ___ ____ ____ ________ __ ________________________________ _____ _________ _________

53.89
43.84
_47
1.04
.13
.40
.18
100_01

Blairstown.-.T he to'w n of Blairst,own (population, 532) depends for fire protection on cisterns and private wells and hand
pumps. A small private system, owned by Mrs. M. L. Kirk,
supplies 20 families with satisfactory water pumped by a 2Y2
'Made in ch e mi ca.l l abo ratol'Y of Co rn e ll College, Mount Vernon, Iowa.
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horsepower gasoline engine from a drilled well, sunk 101 feet
deep into "rock sand," into two small elevated tanks fr,om
which it is distributed by half a mile of mains. Most of the
Blairstown wells are dug or -bored in the drift 15 to 30 feet.
In some wells gravel is found overlying the hard, shelly limestone at a depth of 100 to 120 feet. H. Lipe, in the western part
'of town, has a 130-foot well which obtains water in salld below
the "blue clay." A f·ew sandy layers occur in yellow clay above
but contain little water.
The stockyards well evidently penetrates limestone of the
Kinderhook stage at 120 feet and it is reported to draw water
from that stratum. The section follows:
Log of stockyard well, Blairstown.

~I 'l'hiCkuess!

Depth

Feet

Feet

Soil and yellow clay (loess) _________________________________________________ _
Olay, blue (Kansan) ______________________________________________________ -----_
Soapstone ( KInderhook) ____________________________________________________ .

7

7

80

87

33

120

Keystone.-Keystone (population, 412) is on an upland
praIrIe. The town water supply is drawn from a large dug
well 68 feet deep, in the bottom of which is a drilled hole extending down to 130 feet, all in the drift. The water is drawn
from several layers ·of sand and gravel. It stands 50 feet
below the surface, but its level is quickly lowered by pumping.
The water is forced into an elevated tank holding 1,200 barrels, and gives a pressure of about 45 pounds in the business
part of town. The water is chiefly used for fire protection, less
than 100 barrels being used daily for other purposes. The water
is regarded as of good quality. Under agreement with the Chicago, Milwaukee & St. Paul Railway, the town may use water
from the railway well in case of fire or other emergency. The
railway system uses a large open well which is on lower
ground apparently than the town well and has an abundant
supply.
Luzerne.-At Luzerne (population, 160) the shallow town
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well is eight feet in diameter and 25 feet deep. Most of the
inhabitants, however, use bored wells, from 15 to 35 feet deep,
which furnish an abundance of good, hard water.
Mount Aubum.-At Mount Auburn (population, 228) water
for domestic use is, commonly obtained from bored drift wells
ranging in depth from 20 to 55 feet. Throughout Cedar and
Bruce townships the stock wells range in depth from 100 to
250 feet, entering limestone at 75 to 150 feet. These wells furnish a good supply of hard water standing 50 to 100 feet below
the surface. They are generally pumped with windmills. In
St. Clair township the deep wells are from .120 to 400 feet deep.
Shellsb'u rg.-Shellsburg (population, 527) is situated on the
bottom and north side of the valley of Wildcat creek. The
public water supply is owned ,by the town and is o,b tained from
an open well, 24 feet deep and 14 feet in diameter, dug on' the
hillslope. The surface deposits of sandy alluvium, about five
feet thick, pass into fine white sand, which merges into a bed of
coarse gravel. This gravel overlies the limestone and is saturated with water. The well is bricked. and cemented to the
bottom, which is in open graveL Normally it is about half full of
water, but the level is lowered rapidly by pumping until it
stands only ' two or three feet above bottom, where it remains
constant with the pump drawing 40 gallons a minute.
'T he water is forced into a steel tank (capacity, 13,800 gallons)
in which an air pressure of 40 pounds is maintained. In case
of fire 240 gallons a minute can be delivered under 80 pounds
pressure. The water is apparently wholesome, though little is
used except for fire protection, on account of the ease with
which water cin be obtained from the gravels by a dug welL
In the lower parts of the town drive points are successfully used
to draw water from the same source.
Urbana.-The town of Urbana (population, 306) has no public supply. The shallow wells are dug to rock at a depth of 30
to 50 feet and find" sheet water" in gravel. A few of the better
wells are drilled from 100 to 300 feet, and for the most part find
the most satisfactory supply in the limestone at about 150 feet.
As this water stands 30 to 50 feet be10w the surface, a source
in common with that of shallow wells is indicated.
28
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The well at the Urbana creamery is typical of the better drift
wells. Water is obtained from a bed of sand and gravel underlying the blue clay of the Kansan drift and overlying the bedrock at a depth of 180 feet. J. G. Waitman found water at 100
feet under similar conditions in the NE. 1M sec. 3, rr. 86 N.,
R. 9W.

Van H ome.-Van Horne (population, 444) is situated on the
crest of the divide between Cedar and Iowa rivers. Fire protection is obtained from two large open wells 25 fe et deep. The
water usually stands 5 to 10 feet from the top and is pumped
by hand. At the electric light plant a well 20 fe et deep was dug
to obtain water for boiler feed. The water was fairly satisfactory, pl"ioducing little scale, though leaving a heavy white sediment. As the supply was, however, insufficient, a hole six inches
in diameter was drilled to a depth of 795 feet and cased to rock
at 264 feet. The driller's record follows:
Driller's log of well at Van H.orne.

I'l'biC~ne~s I

Depth

--------~

I

Feet

Feet
30
264
720
795

30
231

456

75

The Chicago, Milwaukee & St. Paul Railway dug 136 feet and
drilled 111 fe et to find water in the rock. The ground-water
level is 'Very low. Wells 200 to 300 feet deep are nearly all in
~ili.

.

Vinton.-The city .of Vinton (population, 3,336) owns two
deep flowing wells, 400 feet apart. One, 1,287 feet deep, was
drilled by W. N. Casey &; Son in 1889; the other, 1;425 feet deep,
:was sunk by A. K. Wallen in 1892. (See PIs. VII, VIII, IX.)
Both are six inches in diameter and the initial head was 28112
feet above curb (8001;2 feet above sea level); the flow of the
first was 62' gallons per minute, of the second 50 gallons a minute.
The temperature of their waters is the same-56° F. In well
No.1 sulphurous water, rising within eight feet of the surface,
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was obtained at a depth of 125 feet; water-bearing strata were
also penetrated at depths of 950, 1,230, and 1,280 feet. The
casing in this well was carried to a depth of 620 feet. The·
strata penetrated in these wells are indicated in the following
sections:
Record of strata in city wen NO.1 at Vinton.

ThiCk-I
( ness Depth

j

Qu-aternary:

AlluvIal and drift de;losits in ancient river valley ____________ ____ ______________ _
Devonian (20 feet thick; top, 665 feet above sea level) :
and compact, nonmagnesian. light cream color; fractu:-e SLD·_
Limestone;
conchoidalhard
________________________________________________________________________
Silurian:
Niagaran dolomite (215 feet thick; top 645 feet above sea level)Llmestonc, magnesian, light buff, porous, subcrystalline _________________ _
Limestone, powder, pinkish, argillaceous, cherty; contains some magnesia;
associated with some dark clay and light nonmagnesian limestone______ _
Limestone, powder, white, nonmagnesian, pyritiferous, with white chert
and some rounded grains of quartz ________________________________________ _
Dolomite, hard, compact, subcrystalline, yellowish in color, with white
chert, inclosing centers of gray f1inL _____________ ________________________ _
Dolomite, powder, white -----------------------------------------------------Dolomite, bluish gray, subcrystalline, with gray flinL ____________________ _
Clay, light green _____________________________________________________________ _
Sandstone, very fine, white; grains angular ______________________________ _
Dolomile,
soft, light gray, porous, crystalline, with a little dark_
gray flintchips
__________________________________________________________________

Ordovician:
Maquoketa
shale (269
feet thick;
top 430 feet above sea level)ISh a Ie, green.
calcareous
______________________________________________
__ ______ _
Shale, fine, bluish, calcareous; soluble portion magnesian_________ ____ ____ ..
Magnesian
limestone or dolomite, chips I1ard, brown, subcrystalline, ferrw. .
Inous __________________________________________________________________________
1'1-81(', light and dark gray ___________________________________________________ _
Shale, light bluish, calcareous ________________________________________________ _
Galena and Platteville limestones (401 feet thick; top 161 feet above sea level)Limestone, powder, light gray; argillaceous; contains some magnesia _____ _
Limestone, powder,
colored; contains some magnesia _____________
____________________________________________
_____________ __
Limestone,
as abovecream
No sample ___________________________________ __________________________________ _
Limestone, gray ______________________________________________________________ _
Limestone, soft gray; chips minute __________________________________________ _
Limestone, bluish gray, nonmagnesian; chips ·minute _______________________ _
LlIncstonc, rather soft, fine-grained, compact, light gray, nonmagnesian;
chi r~ lhin _ flaky --------- ------------------------------------____________ _
Saint Peter sandstone (55 feet thick; top 240 feet below sea level)S"nnstone, with fragments of limestone _____________________________________ _
Sandstone, clean quartz, grains rounded,' of moderate and nearly uniform
size; vitreous, limpid; surface ground ____________________________________ _
Prairie du Chien stage (212 feet penetrated; top 295 feet below sea level)Chert, white; with white dolomite, and greenish slate-like shale____________ _
gray, "it!:_
Dolomite,
chips
subcrystalline, minutely porous, medium dark -___________
much chert
______________________________________________________
Dolomite, powder, fine, white --------_________________________________ _
witb
Dolomite,
chips
white and light gray, fine-grained, subcrystalline,
______________________________________________________
-----------some chert
Dolomite, hard, medium dark gray, and softer white______________________ _
Sandstone, with considerable dolomite, grains of silica ligbt colored, varying widely in size, largest being about 0.9 millimeter in diameter _______ _
Dolomite,
chips'
white and light gray, fine-grained, subcrystalllne,
with
some chert
___ ___________________________________________________
-----------Chert with minute calcareous fragments -------------------------------------Sandstone, grains mostly rounded, varying considerably In size, largest
about 1 millimeter; also considerable dolomite ____________________________ __

I'

Feet
115

Feet
115

2('

185

15

150

18

ISS

82

250

15
10
10

265
275
285

ti

290

i

295

53

350

~

375

167

542

23
9
(5

574
619

111
30
47

565

15
65
75

730
760
807
320
835
900
975

45

1,020

20

1,040

35

1,075

5

I,08()

15
5

1,095
1,100

25

50

1,125
1,175

15

1,190

B5

1,275
1,285

t3

lU

=

1,287

.
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Driller's log of city well No.2 at Vinton.

.

Surface material ________________________________________________________________________
Limestone, white ________________________________________________________________________
Clay, tough, blue ___ _____ ________________ _______ __ ______________________________________
Limestone, "brown ______________________________________________________________________
Limestone, light gray ___________________________________________________________________
Sandstone, Saint Peter _________________________________________________________________
Sandstone, brown __ _________ _______________________ __ ____________________________ ______
SS.ndotone. ligh t (water bearing) __ _________________ _.. ______________________________
Sandstone. coarse. brown _____________________________________________ ___ ___ _____ ._._
Sa ndstone. whi teo coarse (water bearing) _____________ _________ _____ _____ _____ _______

ThiCk- I
) ness Depth

I

Feet
100
200
320
200
150
50
200
20
170
30

Feet
100
300
620
820
S70
1,020
1,220
1.240
1.410
1.440

The agreements of the log of well No.2 with the record amI
drillipgs of well No.1 are mor,e marked than the discrepancies.
In log No. 2 the Niagaran is not discriminated; the top of thl'3
Maquoketa is 50 feet higher than in the record of well No.1;
the Maquoketa is 52 feet thicker, and the Middle Ordovician
limestones (Galena and Platteville) are as much thinner; the
Shakopee dolomite is called "brown sandstone," th e drillers
not di~tinguishing the fine sand of angular drill-cut fragments
of doLomite from true siliceous sand-a common error. The
Saint Peter has the same thickness in both sections, .but it is
placed 50 .feet higher in log No.2. The thin sandy layer at
1,175 feet in well No.1 was overlooked in well No.2. The sandstone at 1,220 feet in well No.2 is identical with the basal sandstone of well No.1, and is referred to the New Richmond.
"Brown sandstone" at 1,240 feet of well No.2 is taken to be the
Oneota dolomite, and the white water-bearing sandstone at 1,410
feet' the Jordan sandstone.
In 1909 the flow from the wells had almost ceased. The casings of black iron had become s~ deeply corroded in 19 years of
use that they were drawn with great difficulty, and on the north
well it was considered necessary to use several shots of high
explosives. By exceptional good fortune the drill hole was not
completely wrecked and the work of repairing the two wells was
then intrusted to other hands and was carried forward to successful completion. Both wells were recased with five· inch
st.andard galvanized casing to 612 feet-that is, through the
Maquoketa shale. In making the repairs it was found that the
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first flow was at about 600 feet, near the base of the shale just
mentioned. The second flow of 13 gallons per minute 'was from
near the summit of the Saint Peter sandstone, at 1,210 feet.
On completion the flow from each well measured 27% gallons
a minute, with a head of 6 feet above the surface of the ground.
An air compressor was installed in one well. It works from 173
feet below the surface and yields 162 gallons a minute. The
other well is allowed to flow into the cement-lined cistern holding
2,000 barrels, constructed some years before the repairs were
mafi.e, but the flow of thJs well is small when the air lift is at
work in the adjacent well. The inefficiency of the supply before
the repairs were completed compelled the introduction ,of a
second system for which the water was taken from a well 20 feet
in diameter and 32 feet deep dug in the sand and gravel 60 feet
from Oedar river and fed from the underflow. On hard pumping the water level was lowered rapidly, and it was supposed
that at such times the well drew directly through the sands
from the river, the water lev,el in well and river ordinarily
being the same. Into this well a feed pipe used only in emergencies led directly from the river. A separate pump forced
the water from this well into a distinct set of mains and supplied
the railroad, several factories, and the street sprinklers. This
part of the system consumed about 60 per cent · of the total
amount pumped daily.
While the r epairs 'on the wells were in progress and entire dependence was placed on the shallow well and river, a eonsider- .
able epidemic of typhoid fever broke out in the city. The city
supply is now drawn entirely from the two· artesian wells.
Another valuable flowing well six inches in diameter and reported as 2,000 feet in depth" drawing its supply from the
deeper artesian sources, ~s located about two miles west .of
Vinton on W. P. Whipple's farm.
About one-third of the population of Vinton is supplied from
shallow private wells sunk in the drift. Such wells in so large
a town are very liable to be polluted by water entering from the
surface.
.
The Iowa State College for the Blind has a wen 160 feet
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deep, which has not been used for several years because in one
summer it failed. The college uses more than 2,500,000 gallons
annual}y from the city supply.
A well owned by C. Fee was drilled many years ago in prospecting for oil. The depth is variously reported as about 2,000
and near 3,000 feet. The water still flows with a head four or
:five feet above the curb.
WIGLL DATA.
•

1

The following table gives data of typical wells in Benton
county:
Typical wells of Benton Oounty.

Source of
' ll(lllly

Location

Owner

Remarks
(Log given in I~t )

Feet Feet

w.1

b'ect

T . 85 N., R. 9
(Parts 01 Polk

and Benton).
Joseph Kisling ____ 4 miles southeast ___________ _
of Urbana.

8

Cedar river b<?ttoms.

T. 85 N., R.10 W.
(Parts 01 TaY'1

~~ ~~ tft~~~~_~~~ Sec.

1 ___________ _

76

46 J.i mcstonc ______________ J

(Canton) .
M. White -------- NW. i sec. 11 ____ _

40

15

T. 8' N., R. 9 W.

___ do _____ ____ ___

L

12

Milton Richey ---- NE. t sec. 20______
William Hatfleld__ SW. ~ sec. 2L ____

807 ______ Gravel _____. ___ . __ . -147
120 ______ uravel ___ ___ ____ ___ - 60

James Rife ______ SW.

scc. 11______

130

(Le Roy).
Stock yards ------ Blairstown ________

120

~

Fine bard water.

I

2 Llmestone _______________ Plenty of bard water.

T. 82 N., R. 11 W.

C. E. Oase_______ NW.
H. Llpe __________ SE.

~

~

sec. 27 .. ____ . 450
sec. 28.....

92

120 Shale ___________

--1- 20

I'

I

- ----- ------------------- - ______ 1

"Water crevice in dark
slate rock."
Scanty supply.

(a) Sand ____________________ Plentyof good water.

T. 85N., R.ll W.

(Jackson).
J. Alchoru ________ RE. ~ sec 25_______ 220
Joseph Kllne ______ NE. ~ see. 6______ 149
William Baldridge I:lE. i sec. 1_______ 202 __________ do ________________ ._

I

--:~~- ~~~~~~~~=========I ======I

T . 84 N., R. 10 W.

(Eden).
N. D. BonesheL __ SE. i sec. 28 _____ _ 130
O. E. Bean _____ SE . t sec. 19_____ _ 200
John Powers ______ NE. i sec. 5______ _ 125

j-

I.

I

130 GraVeL ____________
DO To limestone.
198 Top Iimestone __________ _
(b) uraveJ _______ ~ __________ _
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Owner

T.
A.
T.

Source of

Location

supply.

84 N., R. 11 W.
(Big Grove).
W. White_____ NW. 11 sec. 2______
M. Allderson __ NE. 11 sec. L______

T. 83 N., R. 10 W.

130
240

I

(Eldorado) .
Jacob Schlotter·
beck ____________ NW. 11 sec. 10_____

Adam Kranz ______ SW. 11 sec. 11______
E. S. Tbompson __ SW. 11 sec. 29______

400 ------ \Llmestone ___ , ___________ Several

do ____________ -120
4ab _______________________________ _
200

T.83N. r R.9W.
\
(Fremont).
A. H. Fawcett __ SE. ~ sec. 3______ 250
T. M. Gregor ____ . SW. 11 sec. 35_____ 250

(a)
(a)

(St. Olair).

Remarks
(Log given in feet)

(b) GraveL _______________ _
(b). ____ do _________________ _

2~0

T. 82 N., R.IOW .

439

1____

holes

aban·

doned.

GraveL ____________ ___ ___ Strong well.
Sand ____________________ Plenty of water.

I

I

William Reissers __ SE. 11 sec. 28_____ 140 (a) ____ do -----------_ -----Oharles ParschL __ NE. 11 sec. 34.. __ =
__",-_---=
250
",---,--,(=
a-'__--_-_- d_o_-_--_--_--_-_--_---'--_--_--_- _ _ _ _ _ __
aNo rock; drift.
bNo rock.

CEDAR COUNTY.

BY W. H. NORTON.

TOPOGRAPHY.

Cedar county is an area of low relief; its highest and lowest
elevations differ by ,only about 325 feet. The strongest topographic contrasts are presented by the uplands of Kansan drift
and the Iowan drift plains. The latter comprise two lobate
areas. One stretehes across the northern tier of townships,
its southern boundary coinciding pretty closely with the · line
of the Chicago & North Western railway, which chose the even
surface and low levels of the plain in preference to the rugged
Kansan upland. The second lobe enters the county from the
west along the left bank of Cedar riv·e r and extends nearly to
Tipton.
The Kansan upland varies in relief according to the degree
of its dissection. In F ,a imington township its nearly level

440

UNDERGROUND WATER RESOURCES OF IOWA.

divides are scor·ed by only the faintest erosion channels; in
l!-'airfield township it is a gently rolling prairie; but bordering
Cedar river in Roche~ter and Cedar Valley townships it has
been cut to a maze of the steepest of hills.
GEOLOGY.

The rocks .of the county fall into two general divisions. The
Niagaran, a buff dolomite, forms the bedrock over ~he northern
and eastern parts, and Devonian limestones of differing lithologic characteristics underlie the southeastern part. (See PIs.
X, XI.)
The drift sheets appearing on the surface are the Kansan
and the Iowan; a third drift sheet, the Nebraskan. is in places
found beneath the Kansan and separated from it by ,old soils
and forest beds (Aftonian) and outwash sands.
The loess, a yellow silt, destitute of pebbles, mantles the Kansan areas.
UNDERGROUND WATER.
SOURCES.

The ground-water supplies of Cedar county are, at present,
drawn chiefly from deep-lying sources. The shallow wells
which at an early date found plenty of water at the base of the
loess in ashen silts and basal sands and in sands separating
yellow and blue stony clays have been generally either abandoned or sunk deeper, because of both decreasing supply and increasing demands. On alluvial bottoms, such as the flood plains
of the Cedar and some of the larger creeks, shallow wells still
are adequate even for farm purposes.
Aquifers largely used are the ~ands and gravels assQciated
with the drift. These water beds occur as discontinuous lenses
in the Kansan and Nebraskan, as extensive sheets parting the
stony clays of the drift, and in basal sands parting the N ebraskan till from rock. Sands, locally of great thickness, occur in
the well-marked buried ancient river valley which traverses
the county from north of Stanwood to the southeast corner.
Though these sands are, as a rule, saturated with water, they
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are in many places too fine to yield a supply of water owing
to the impracticability of screening them out with present
methods. A very valuable water bed is that f'ormed by the basal
sands of the drift and the upper few feet of bedrock, broken and
. made pervious by pr.eglacial weathering.
In the bedrock water occurs throughout the Niagaran dolomite, where it accumulates in large quantities owing to the impervious floor of the Maquoketa shale on which the latter rests.
Water is also found in the Devonian limestones of the southern
and western parts of the county. In both limestones it· ·occurs
in channels dissolved by waters seeping along bedding planes
and joints in porous layers.
DISTRIBUTION.

The areas of Iowan drift of the northern and ncrtheastern
parts of the county can hardly be set off fr,om those of the
Kansan drift as a distinct uno.erground water province, for the
Iowan drift forms but a veneer upon the older drift sheet and
caimot influence the distribution of ground water. The low relief
of the Iowan allows ground water to stand high and to exude in
swales and wet-weather ponds, but in only a few places is the
water thus stored sufficient for farm wells. In places on the Tipton lobe sands store water sufficient for house wells.
A well-defined province is that of an ancient rock-cut channel
deeply buried by the drift, which may be called "Stanwood
Channel, " as it extends beneath the town of Stanwood. The
surface of the gr.ound gives no indication whatever of the
topography of the rock surface lying 300 feet beneath. Enough
deep wells have been drilled over this "deep country" to outline its gen€ral course, although they fail to define accurately
€ither its gradi€nt or its width. The channel (fig. 4) enters the
county in Fremont township and, curving sharply to the east~
passes southeast to Stanwood. Trending thence southward, it
passes "east of Tipton and follows along the east side of Sugar
creek. About 2Yz miles north of Lime City it turns to the
southeast and near Durant joins the ancient buried valley,
passing through Scott and Muscatine counties southward.
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of

Figure 4.-Map showing location
wells (.) marking the position o f th e
buried Stanwood Channel. Numbers on wells refer to table On p. 446.
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At Stanwood the rock floor of the channel is 544 feet
sea level, if correctly reported; five miles southeast of
wood rock was struck at 440 feet. In southwestern
county the flo or of this channel is hot higher that 400 "f eet
sea leveL

above
StanScott.
above

In Cedar c<ounty the channel is aggraded with river sand beneath and glacial stony cJays above. At Stanwood it is filled
with sand to a height of 116 feet above its floor of rock. At
Henry Britcher's place sand 144 feet thick is reported overlying rock." In some wells these sands ar·e replaced by glacial
pebbly clays and the work of the driller is much lightened. The
sand is generally of fine grain, and that in one well is reported as
so fine as to sift through a tobacco sack. It contains str·eaks
and beds of coarser sand and even of gravel. It presents a
serious prob<lem for "the driller, for though it is saturated, it is
for the most part too fine for ordinary types of strainers and
affords no ground for casing. The water which makes it a
quicksand forms an inexhaustible reservoir, supplying the
gravels at its base and the upper creviced layers of the bedrock.
No "deep country" is reported in Pioneer township, and
although the land is oonsiderably diversified in relief, water is
found generally from 80 to 100 feet from the surface in Niagaran
dolomite. In the northeastern part some wells are drilled as
deep as 140 feet.
Outside the deep buried Stanwood Channel wells in Fremont
township are of moderate depth. W-est of this channel rock is
generally entered at fr,om 80 to 100 feet. N9rtheast of Mechanicsville it comes within from 30 to 5Q feet of the surfaM
and water is obtained ill abundance by wells 80 or 90 feet deep.
In sections 21 and 28 rock lies lower than 150 and 170 feet below
the surface of the gently-rolling Kansan upland, indicating
herl'l a branch of the Stanwood Channel. These wells, like many
wells of th€ main channel, find water at top 'of the river sand
with which these buried valleys have been deeply filled.
In the northern half of Dayton town~hip rock outcrops or is
found near the surface. In the southern part the drift is
deeper, reaching in places a depth of more than 125 feet. Wells "
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commonly find water in the Niagaran dolomite within from 80
and 90 to 120 feet from the surface, the water rising within 40
feet of the curb.
On the loess-covered dissected Kansan uplanu west of Massillon, in Massillon township, wells find water within 140 feet,
in Niagaran dolomite, which here comes within 80 or '90 feet
of the surface. Loess is of unusual thickness and drift clays
are thin.
On the high ridge north 'of Lowden, extending northwest and
southeast through sections 20-22, 25-28, 35 and 36, wells on the
crests are from 150 to 180 feet in depth, finding water in gravels
of the drift. In one well on this ridge rock was entered at 85 feet
and water obtained in the Niagaran, the depth of the well being
144 feet.
In Linn, Oass, and Red Oak townships r,o ck lies near the surface and is rarely as far as 70 or 100 feet below it. Water
is found chiefly in the Niagaran at depths seldom exceeding 100
and 120 feet. At the large stock farm of Alexander Buchanan,
in sections 13 and 18, Linn townehip, a well was sunk to the
very exceptional depth of 300 feet, of which 230 feet were in
rock, presumably the Niagaran.
Northwest of Tipton, in Oenter township, rock underlies the
Iowan drift plain at no great depth, and outcrops are not uncommon. Wells find plenty of water within 50 feet or less of
the surface. In and about Tipton a greater depth of wells is
rendered necessary by the deeper-lying rock. Thus at the fair
gr,ounds a well was sunk 201 feet, 105 feet being in rock. At A.
Birk's, northeast of town, rock was entered at 175 feet, and the
total depth of the well is 275 feet. At H. L. Huker's, on the
east side of town, a well 197 feet deep found no rock. There
seems to be here either a strong descent to th~ buried stanwood
Ohannel, which lies east of Tipton, or perhaps the channel of q,
tributary. Within the city limits the' depth to rock ranges from
85 to 130 feet and water is found either immediately upon or
in the rock.
N ear the border of the Iowan drift house wells obtain water
in the basal sands of the loess. The sands which part the blue and
yellow tills also aff,o rd a moderate supply.
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Over most of the southwestern part of Center township wells
find water in limestone, either' Niagaran or Devonian, within
from 80 to 130 and 140 feet of the surface. Here the bedrock is in
few places covered with more thim 80 feet of drift. In the
eastern part of the township, beyond the belt of "deep country"
of the buried Stanwood Channel, the drift is from 80 to 130
feet thick,. and wells commonly find water in the Niagaran at
depths of from 100 to 150 feet.
Concerning Inland township the facts at hand relate chiefly
to wells in the northern part, where stock wells range from 100
to 170 feet, finding water in rock a few feet below its surface.
The drift here is 60 to 170 feet thick.
In the maze of steep hills of the Kansan upland of the eastern
part of Grover township water is found in rock from 100 to 180
feet below the surface, the cover of loess and till being 70 to
,100 feet thick. In the western part of the township the drift is
170 to 200 feet thick and several wells are 190 to 220 feet deep.
In Springdale township the drift is deep, ranging generally
from 100 to 180 feet. In the extreme northeast sections the
drift is thinner, and at the village of Springdale rock is entered
at 50 feet. The wells reported range in depth from 120 to 215
feet, water commonly being found in Devonian limestone.
In Iowa and , Rochester townships the Devonian limestones
appear at the surface.or closely approach it. On the upland of
Iowa township rock is found at 40 to 80 feet. In some rock-cut
buried valleys the rock lies as deep as 120 feet. In Rochester
township, though rock outcrops east of Rochester, it occurs as
deep as 120 and 200 feet in the northeastern sections. The wells
reported penetrate the limestones to depths ranging from 20
to 100 feet before finding sufficient water, and exceptionally
wells are sunk in rock as much as 120 feet. Northeast of Springdale a well 200 feet deep is reported.
In Sugar Cre:ek and Farmington townships, outside the course
of the Stanwood Channel, rock approaches within 40 and 59
feet ,of the surface between Sudbury and Durant and north of
Lime City. Northeast of Lime City it lies from 90 to 125 feet
below the surface, and one well, which may be 'on a tributary of
the Stanwood Channel, is reported to end in gravel at 325 feet.
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In the. western part of Farmington township the drift appears
to be from 80 to 140 feet thick. Water is found in or on the'
rock, and wells, except in the buried channel, seldom exceed 130
feet in depth.
Wells in the Stanwood Ohannel. '

""I:"
No.

--;-1---------.;

1

2
8
4
5
(I

7
S

£

Q,

.B
:SQ,

A
"

A
"

Owner

T. 82 N., R. 3 W.
(Fremont).
L. WlIliams __________ SE.

SE. i sec. 3_____ ..

M. Rigby _________ NW. ~ sec. 10____________
L. Lehrman__________ SW. t sec. 10___________ .
A. Pound _____________ NW. 11 sec. 16 __________ .

John Foley __________
J. P. Hines ___________
R . A. Bardue _________
George Melton ________

R e marks:

(Log given in (eet)

Feet I Fe-e.,-t- ' - - - - - - - - - -- 154 ______ Yellow clay, 30; blue clay, 100:
sand, 24.
162
103 ______ Blue clay, 00: dark fine sand, 13.
216 ______ Drift clays, 125; sand and gravel,
91. Water rises wi thin 60 feet

. of surface.
NE. 11 sec. 17___________ _ 257
]97
______
Blue
clay, 180: sand, 17.
Sec. 17 -----------------"'IV. ; "ec 16 ___________ . 210 180 Blue clay, 120: sand , 60.
NW. 11 SW. 11 sec. 15___ _ 192 _____ Drift clays with streaks of sand
(one 7 feet thick), 180; sand,
12.

J. Ferguson ___________ NW. 11 NW. 11 sec. 15 __ _ . 109 _____ _
Tile Works, Stanwood SW. 11 sec. 24 ______ • ___ _ 340 2vG Yellow loess, 20; ashen loess, 7:
green clay 1; yellow, stony
clay, 7; hlue clay (Kansan) ,65;
sann, with fragments of wood
(Aftonian), 15; blue clay (Ne·
braskan), 65; sand, 116; shale
(Maqu,?keta), 44.
Jl H. S. Hoyman _______ NW. i SE. 11 Sv_. 24____ 251,
~20
l'.S2N .. R.2W.
(Dayton).
12 S . M. Davirlson __ __ __ SF. i sec. 19____________ 230
2Iti

9
10

J

T. Sl N., R. 2 W.
13

(Fairfield) .
Henry Britcher________ SR. 11 NE. 11 sec. 6______

365

14

O. T. Johnson _______ NW. 11 sec. 5__________ ..__

250

15
16
17
]S
19

J. Monahan___________
George Kinney ________
N. and K. Lay ________
R. E . Hpltebrielle _____
M. J. Fay ____________

SE. 11 SW. t sec. 8______
NW. 11 NW . ~ sec. 17____
SF.. 1 sec. 17____________
SW. 11 sec. 16 __________
SW. 11 NE. 11 sec. 16______

185
833

320

~40

180

Fay________________ NE. 11 sec. 20___________
T. Wingerd ___________ ,,' .... ~ .pc. 21.__________
22 Gus Peters ___________ NW. t sec. 22____________

327 Yellow clay, 60; blue clay, 123:
sand, 144; limestone, 12; b1ne

soapstone, 6; limestono "'itll
water J 20.
220 Yellow clay, 30; blue clay, 50:
fine, white sanlt: limestone,
with water rising within 50 feet
of surface, 30.

295
198

~~~ Yellow clay,

247

]84
278

20
21

N.

23

D.

Moreland __________ NW. 11 sec. 28__________ _

S8

2(

F. H. Milligan ________ NE. 11 sec. 33____________

250

81;2
"liS

a

li~t1e

20; blue clay, 155;
sand on rock.

233 Chiefly blue clay: not 10 feet of
sand.

248 Drift clays, 80: fine sand, 160;
black clay (geest?), 8; porous
limestone, 2.
Water rises
within 30 feet of surface.
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'1'.80N.,R.2W -. -I
-,
(Part Of Center).
Feet Feet
W. Stl1bblefield _______ NE. i NE. :I: sec. 9______ 802
220 Yellow clay, 40; blue clay, lSO;
sand.
G. W. Gary ___________ NW. ;\ sec. 16____________ 3Q4 302
J. B. CarL _______·____ NE. ~ sec. 22____________ 200 -----_
J. HeJmer _____________ SE. l! SE. i sec. 23_ _____ 300 -----'1'. 79 N., R. 2 W.

(Sugar Creek; part of
Rochester) •
20 B. Ayres _____________ NE. i sec. L____________

220 _____ _

T. 79 N., R. 1 W.

(Farmington) .
John Rice _____________ SW. i SW . i sec. 5_____ _ 110 _____ _
C. H. Nienaber_______ NE. i sec. 27___________ _ 196 ______ 1
32 Charles Fitz!er ___________ do __________________ _ 272 _____ _
~ Marx Hartz
NW. ~ sec. 33___________ _ 217 _____ _
30

31

-==_______

c For position of wells see fig. 4.

CITY AND VILLAGE SUPPLIES.

Buchana1~.-At

Buchanan (population, 61) ~ater is obtained
from drilled wells 27 to 127 feet deep, a depth of 120 feet being
very common. The water in the deeper wells rises within 70
feet of the surface. Springs furnish a small part of the water.

Clarence.-The water supply of Clarenc.e (population, 662) is
pumped fr,om a well to an elevated tank giving a gravity pressure of 40 pounds. There are two miles of mains, 11 fire hydrants, and 100 taps. Many house wells, ranging in depth from
20 to 115 feet' lare still used. These wells enter rock at 60 feet,
and obtain their
largest supplies at about 90 feet. The water
I
.
of the deeper wells rises 'within 40 feet of the surface.
Duralftt.-At Durant (population, 720) the public supply is
drawn from a well and pumped to an elevated tank. with a capacity of 600 ' barrels, supplying a gravity pressure of 46 pounds.
'fhere are two miles of mains ana 24 hydrants. House wells
ranging in depth from 40 to 50 feet and obtaining water in sand
are used largely.
Lorwden.-In Lowden (population, 584) water is obtained
from wells that range in depth from 20 to 200 feet. A ' small
amount is obtained from springs.
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Mechanicsville.-At Mechanicsville (population, 817) water is
pumped from wells into a tank, giving gravity pressure of 45
pounds. There are 4,400 feet of mains and 12 hydrant::;.
Springdale.-A t Springdale (population, 125) wells range in
depth from 75 to 150 feet.
Stanwood.-Open and dril 1ec1 wells ranging in depth from
20 to 300 feet furnish water at Stanwood (population, 511). The
depth to the water-bearing formation in the deeper wells is 120
feet, and water rises within 50 feet of the surface. A well 630
feet deep and ranging in diameter from 10% to S in ches was
sunk at the Chicago & North Western railway track in 1905.
(See PI. XI.) The elevation of the curb is 847 feet above sea
level. Water was not found in adequate quantity and the well
was abandoned in 1907. The record of this well based on
driller's log f.ollows :
Record ot stratq, in railway well at Stanwood.
~

I

Thickness

Ploistocene
(300 feetsoft
thick;_______________________________________________________
top, 847 fcet above sea level) :
_
Olay, yellow,
Olay, blue, soft _________ ________ __________________________________________ _
Olay, Bandy, brown, hard _______________________________________________ _
Olay, blue, soft _________________________________________________________ _
Sand and mud, soft; some blue and some yellow ________________________ _
Silurian:
Niagaran dolomite (70 feet thick ; top, 547 feet above sea leveJ)- '
Streaks of clay and lime rock; had to be cased ____________________ _
Lime rock, light colored, soft; a little water _______________________ _
Ordovician:
)faoS;:;I~:a lfi'hi e b~~~~ fse~}t t~~~:~ __~~~:_:?? ~~~~_~~~~: ~~~_~~~~~~=
Galena
(10 feet
penetrated;
top, '}fl.? feet above sea leveJ)- _
Limelimestone
rock; gray,
hard
______________________________________________

__

__

_____(

Feet

I

Depth
Feet

30

30

80

110
118

8

84
~8

20

202
300

50

320
370

250

620

10

630

Stl!nbury.-In Sunbury (population, 200) water is obtained
chiefly from wells and cisterns. A small quantity is also obtained from springs.
Tipton.-The water supply of Tipton (population, 2,048) is
drawn from a well 2,696% f eet deep. (See PI. X.) The diameter is reported as eight inches. The well was originally caserl
to 120 feet and was recased in 1889 to 225 feet. The curb is
810 feet above sea level, and the original head was 65 feet below

PLATE X

IOWA GEOLOGICAL SURVEY
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the curb. The present head is about eighty feet below
the curb. The tested capacity of the well is 225 gallons a minute. The water beds are unknown, but the drillers, J. P. Miller
& Co., of Chicago, reported no water found below 1,200 feet.
The temperature is 57° F.
Record of strata in city well at Tipton.

) Thickness 1 Depth

Pleistocene:
Dri ft ___________________________ ____________________ ______ ______ __________ __ _
S~ri~:
Niagaran dolomite (36; feet thick; top, 675 feet above sea level)Limestone anil ilolomite, light gray, hard: white ch~rt at 135 feet:
dolomite, buff. at 300 feet: limestone, soft, medium dark gray,
argillaceous, slightly magnesian, at 445 feeL ______________________ _
Ordovici an:
Maquoketa shal~ (200 feet thick: top, 310 feet above sea level)Shale, greenish; 3 samples ___________ ______________________ ________ ____ _
Sbale, gray-green : in tlnc meal of argillo-siliceous particles, and
grains of dolomite: some rather coarse Imperfectly rounded grains
of varicolored au artz ____________ _______________________ ____ _______ __
Sbale, blue; In concreted powder__ ________ ______ _________ __ ______ _____
f'hn 10 . cborol~te-rrow n . sligbtly bituminous _________________________ _
Dolomite, brown, argillaceous, earthy ______________ .. ________________ _
Sh ale, blue _________ ___ _____________ ________________________ ____________ _
Galena limestone to Platteville limestone (330 feet thick; top, 110
. fret ahove sea level)Dolomite, buff and gray; 4 samples _______________________________ "___ _
T,impstone: ]jj!hI buff: soft, magnesian ______________ " ______________ _
Limestone, soft, grayisb wbite, argillaceous _______________________ _
Limestone, white, slightly magnesian _________________________________ _
Limestone, light gray ____ ____________________________________________ _
Limestone, darker gray _______________________________________________ _
Limestone, dark hlue-gray: fos siliferous , argillaceous ______________ _
Shale, green (mobahlv Decorah sh.lpL _______________________________ _
Limestone, dark blue-gray, argillaceous___________________________ _
Saint Peter sanilstone (55 feet thick: toP. 220 feet below sea leveJ)Sandstone. clean, white; grains rounded: 3 samples _________________ _
Prairie du Ohlen stage (377 feet thick; top, 275 feet bclow sea leveJ)Dolomite, gray; green shale in drilJings __________ _______________ _
Dolomite: some sand in drillings _____________________ ____ ___________ _
Marl. white, dolomitic, argillaceous , and minutely arenaceous ____ _
Dolomite, gray, buff. and in places white; cherty, especially toward
t he base; white powder at 1,800 feet; 17 samples ___________________ _
Dolomite and sand _________________________________________ • _________ _
Dolomite, light yellow _________________________________________________ _
Dolomite, with sand _________ __ __ ____________________________________ _
Dolomite, gray; considerable sand _________ __________________________ _
Oambrian:
Jordan sandstone (118 feet thick: top. 652 feet below sea leveI)Sandstone, calciferous; fine, light colored; rounded grains of quartz,
some showing secondary enlargements; also many minute angular
cuttings of white subcrystalllne dolomite ___________________________ _
Sandstone; buff, 2 samples ___________________________________________ _
Sandstone, flne, white and light yellow; 2 samples ___________________ _
Dolomite, highly siliceous, white ___ ____________________ __ _______ ____ _
Sandstone, tine-grained, light yellow _________________________________ _
Saint Lawrence formation (222 feet thick; top, 770 feet below sea
leveJ)Dolomite. yellow __________________________________________________ _
Dolomite, dark gray ___ ____ ______________ ___________________________ _
Dolomite, gray; In fine sand __________________________________________ _
Marl. blue-gray ______________________________________________________ _
Shale, dark greenish. pyrltif~rous; much dolomite and chips of flnegrained, argillaceous sandstone ______________ l. ___________________ _
Marl, pink ____________________________________________________________ _

29

Feet

Feet

135

135

365

[j()()

100

600

20
20
20
20
20

620
640
660
680
700

40
60
50
35
15
50
40
10
30

740
800
850
885
900
950
990
1,000
1,080

40

1,070

15
5
10

1 ,085
1,090
1 .100

265
35
10
40
6

1,365
1,400
1,410
1,450
1,456

6
23
17
3
10

1 ,462
1,485
1.502
1,505
1,515

65
36
84

1,580
1,616
1.650
1,680

30

22

sa

1.702
1. 740
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f

I ·.rWckness

Dresbach sandstone and underlying Cambrian strata (443 feet thick; top
992 feet below sea level)Sandstone, clean, wblte, saccharoidal; grains generally rounded

__

~u~:.afX J~::~l' '~i:~_~::~~~_~~~ ~~:~~~:~:~_~~~_!~~:~~~_:~~~~~1

Sandstone, white, fine; 3 samples ___________________________ __ ________ _
Sandstone; in fine, siliceous powder ________________________________ _
Sandstone, white; grains very finc, mostly angnlar _________________ _
Marl, minutely arenaceous ______________________________________ _____ _
Sandstone, fine, wbite; sbale in drillings _____________________________ _
San(lstOllc, buff, fine ___________________________________ ______________ _
Marl, siliceous and glauconiferous _____________________________________ _
Sandstone, pink; in minute angular fra.gments ______________________ _
MmJ. siliceous and glnuconiferotls ___________________________________ .
Marl, pink-gray; microscopica lly quartzose; glauconifcrous ___ ____ _
Marl, reddish , microscopically quartzose; glauconiferous _________ _
Sandstone, gray; in flne pow(hl', 1Ionsisting as seen under the

microscope of angular parti"i~s of quartz; calcareous cemenL __ _
Sandstone, buff, fine·graine r, __ ______ . ________________________________ _
Sandstone, fine, white ___ ______ ______________ _____ __________________ _
Sandstone, wbite; grains n' moderate size, mostly broken; some:
with secondary enlargem('uts _______________________________________ _
Algonkian (?) (451~ feet penctratefi; top, 1,435 feet below sea level):
Sandstone, clean, pink, 2 samples ________________________________________
Sandstone, red and brown; 3 5a:oples----------.--------------------------- ,
Sandstone, moderately I1nc; grams broken, plnk _______________________ _
Sandstone, fine, cream colored ____________________________________________ _
Sandstone,
angular grains and grains with secondary enlarge·_
_______________________________________________________________
ments pink;

.!

Sandstone, pink, fine; in angular cuttings, 2,420 and 2,430_____________ _
Sandstone, ligbt yellow ___________________________________________________ _

!:~t~g~~: ::i~f~1~~I~~i~~~~~n~~~~=~~~=~=~=~===~=~=~=~=~===================!

Sandstone,
Sandstone,
Sandstone,
Sandstone,
Sa.ndstone,
Sandstone,
Sandstone,

buff, fine ______________________________________________________ _
reddish ________________________________________________________ _
light purplish, fine ___________________________________________ _
reddish brown, fine; 3 samples ________________________________ _
dark reddish brown; grains angular, 2,600 and 2,610______ __
purplish; 2 sa.mples ___________________________________________ _
red, pink and brown, fine; grains broken; J5 samples ______ _

I

j

Depth

Feet

Feet

,\
75
30

1,802
1,890
1,895
1 ,900
1,91U
1.925
1,950
1,£65
1,990
1,995
2,070
2,100

50
10
50

2,150
2, 160
2,210

10

2,220 .

50
70
20
5

2,270
2,340
2,360
2,365

35
30
5
40
10
35
15
15

2,400
2, 430
2,435
2,475
2,1.85
2,520
2,535
2,550
2,560
2,585
2,610
2,625

i~

I

25
15
·25
r,

~g I
25
15
7l~ 1

2,696~

The water is pumped to a standpipe with a capacity of 27,000
gallons, aff.ording a domestic pressure of 45 pounds. Direct
pressure is 100 pounds. There are 31j2 miles of mains, 46 fire
hydrants, and 320 taps. The consumption averages 45,000 gallons a day.
West Branch.-Waterworks were installed at West Branch
(popUlation, 643) in 1906. The supply is from an eight-inch
well, 65 feet deep, with a capacity of 100 gallons per minute.
Pumping 13 14 hours lowered the water to b!lt seven feet below
the surface of the ground. The water bed is honeycombed limestone of Devonian age. Rock is entered at six feet. Water is
pumped to a tank with capacity of 30,000 gallons, affording a
gravity pressure of 103 pounds. Ther,e are 1% miles of mains
and 23 fire hydrants. Village house wells range from 20 to 50
feet in depth.

I.
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WELL DATA.

Information concerning typical wells m Cedar
sented in the following tables:

cou~ty IS

pre-

TypicaZ wells in Oedar Oounty.

Locution

Owner

Remarks:

Fcct
T. 81 N., R. 4 W.
(Parts of Cass and
LInn.)
Oharles llorlds - ••.... - SE_
Mary KaUlfl:lan •••• - SE.

I

~
~

sec. 25 .. ___ .•..
flU
sec. 26_ ••• _•• __ • __ ._._.

B. Wilson . _._._. __ _ Sec. 30 . __ .•. _.... ... _.
Oharles Pfaff _••• _. __ W. ~ sec. 36....._. ..

73
118

Pbilip Hammond ._. NW. t sec. 4••••••• _.
<.II
O. Strotber ___•• __ .. _ Sec
. 12 __ ...............••• _. _
Elmer Wallick _•••.. _ Sec. Iv _... __ ._.... _..
120

(Logs given in leet)

Fect

26

80
t;()

, 100
1G

Nearly all blue clay; bowldcrs from
20 to 40 .
Yellow clay 20 ; blue clay, 30.

7~

U6

T.81N.,R.3W_
(Reel Oak; parts of
Oass, Linn, Genter)
R. Stout - ..•••••• ---- SW. ~ sec . 18._..... .

Alexander Moffitt .. _ NW. ~ sec . 6•..... _..
Alexaneler Buchanan.
H. Sbank .. ___ .•••• __ NW. h sec. 18....... .
NF.. ~ sec. 7•.......
E. H. Gar] _.••. _. __ SW_ h sec_ 17..... __ .
Sec. 18 .... _...... _..
T . 80 N_, R_ 2 W.
(Parts of Center and
Rocbester) _

120

ll8
300
65

133

leo
40

70
85
40

lGO

120

Sec. 2 ......••......•.
Sec. 3 ..••............

220
156

136

G. Wingert - •. -- ••• -. Sec. 4 _•••••••••••••••

109

SO

~. :r -S!l~~I:~.======

C. G. Wright •..•• _._ Sec. 5 ._........... ... _
160
Swartzlander.... Sec. 6 _...............
156
B. Sandy _•••••• _•••• NE. ~ sec. 8.•.•.....•.....• _
William Ford ........
J_ Huadlestono •. _. •
George Wilbur ..•.•••
C. W_ Oarl ._ •• _' •.• _
~ . L. S[j~er..........
. D. NeJrson.......•

Sec.
Sec.
Sec.
Sec.
Sec.
Sec.

10 ...........•..•
12 ..• _...........
13 _......• _......

1.;8

DrIft clays, 100; limestone, 10; greenIsb pipe clay (Carboniferous favern filling) 10; limestone to bottom.

Yellow clay, CO; sand, 00.

6i)

lID

150

102
186

On rock was found " red granite,"
3 incbes thick, wbicb cut drill and
was dynamited .
60 feet of sand. Strong flow of gas
encountered at 00 feet hetween
clay ahove and sand; would blow
off hat.
Yellow clay deep In tbis vicinity.
Yellow elay, soft, 45; blue clay, 05;
pebbles, 2.
No sand .
Yellow clay, 10; blue clay, 63.
Yellow clay, 20, sand, no .

15 ....••• _.......

100
180
140

16 ......•........
21 _....... .......

HO

70

Yellow clay, 35; blue clay, 35.

J. Kropelin .•••..••• _ Sec. 34 •....•........•

120
121

00
118

Yellow clay, 20; blue clay, 40.
"0 feet of sand OIl rock.

H_ Dewell •.....••••• _ Sec. 2 •..•...•. . ••...•

108

108

George MeLeod ..... Sec. 25 .•..••.. .•.... _

105

R. .J. Goodale.•..••. _ Sec. 22 •......•••.....

]90

73
130
12u
54

Yellow clay, 20; lJluo clay, 48; on
!Jaba bill.
llIue clay . 20; !Jct.bly hardpan overlying quicksan<l. 20; gravel, 65.
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TtlPical wells in Oedar Oounty-Continued .

...

"...0

Owner

.£

Location

.c

""

Feet

"'"

(Fairfield;
part
Oenter).

(Logs 'giv en iu' [ect)

c"

Feet
'1'. 81 N., R. 2 W.

Rcmarks:

:S

""

ot

Moses Brunker ------ Sec. 29 ______________ _
Adam Birl<i ---------- Sec. 31 ______________ _

156
275

131
176

P. Metz -------------- Sec. 32 ______________ _
L. Haggerty --------- Sec. 9_______________ _
Johnsoll Spear ---00-- NW. i sec. 16_____ _
E. Ii. 001'1 --------~- Sec. 18 ______________ _
J . O. Gasford ------. Sec. 21 ______________ _
Matt. Fell ------- ---- Sec. 20 ______________ _

120
170
198

110
177

J. Kroeplene -------- Sec. 34 ___________ , __ _

51

146

120

150
133

110

125

118

Yellow clay, 20; blue clay with a
very littlc sand, 156; solid log or
limb 01 wood at 166; no dark soil;
rock.99.

MuCh sand and gravel.
Yellow clay. 20; blue clay, 80; gravel.
10.
Nearly aD .aud anel gravel to rock.

T. 79 N., R. 1 W.
(Farmington) .

Charles Moorehouse __ SW. :i sec. 5_______ _

110

J. F. Schroeder______ Sec. 8 _______________ _
Henry Steffen
Sec . 12 ______________ _
William Miller
Sec. 16 .... ____________ _

114
54
132

132

100

43

190

100

Johann KIohn

Sec. 23 ______________ _

80
46

Black soil. 10: blue clay, 40; sand,
40; gravel, 20.
All yellow clay to rock.
Yellow and blue clays, 80;
blue clay, 22.

s~nd, 30;

T.82N.,R.3W.
(Fremont).

R. M . OarIL ______ .--- Sec .. 2 _____________ _
P. Farrington - --SE. ~ sec. 4. _______ _

Joh:l Schwalpert
S . ! sec. 8 __________ _
G. S. · Burleigh ________ Sec. 9 _______________ _

120

l~U

87

40

146

J. Studer ___ ________ _ NE. 11 sec. 18_______ _
H. B. Thomas ______ Sec. 20 _____________ _

65

A. M. House ________ Sec. 21 _____________ _
Alex Oaldwell _______ NE. ; sec . 28 _______ _

111
168

105

120
220
180
112

100
150

13 --------------15 --------------27 --------------36 ________ _

190
135

160

T. 80 N .• R. 1 W.
(Inland).
A ·. Dresselhouse _______ Sec. 3 _______________ _
M. Sparks ___________ Sec. 4 _______________ _

J38
140

101)

E. Bell __ . ____________ Sec. 7 _________ ______ _

172

165

H. WI,p.rton _________ Sec. 11 ____ _________ __

138

60

93

30
93

Blue clay. 100; sand and gravel. 60.
Yellow clay, 24; blue clay, 64; sand.
14; mUCk, 10; blue clay and gravel,
8.
Foot of Stanwood paha.
blue clay; 3 sand beds.

M;)sth'

Yellow clay. 20; bluo clay nearly to
rock; water In gravel on rock.
On NW. 11 NE. i, drift clays. 120:
sand, 43. On SE. i, NE. i rock
was entered at 98, and the drill
stopped at 118.

T. 80 N., R. 4 W.
(Gower).
J. A. Armstrong _____
A. H. Fisher _________
T. W.. Fltzpatrick___
J. 'rucker _____________
B. Elllson ____________
W. W. Totum ________

. Sec.
Sec.
Sec.
Sec.
Sec.
SE.

4 --------- ______ _
9 -----------___ _

i sec.

75
1.;)0

95

110

Yellow and blue clay to rock.
Drift clays. 140; sand. 40 . .
Hill.
Yellow clay. 00; blue clay. 40.
Y6110w clay. 20; blue clay, 75.

8 feet of sand on rock.
Yellow clay. 40; blue clay. 45; sand,
5. Water on rock, head, 40 feet.
Yellow clay, 50; hlue clay, 50; Qulcksond, 40; blue clay to rock.

..
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Typical Wells in Oedar Oounrt y-Concluded.

Owner

Location

T. 79 N., R. 3 W.
(Iowa; part of
Rochester).
J. S. Smlth__________
E. Harma _______ <.___
Hutchins ___ <
_____
B. Ellison __________
O. D. I:Itottler _______
J. P. Stottler ________
B. Woods ____________
- - Dufle ____________
W. Kennedy _______ __
H. Oress ____________
T. 79 K., R. 2 W.
(Sugar Oreek; part of
Rochester) •
J. D. Ridenours _____

Sec.
Sec.
Sec.
Sec.
I>ec.
Sec.
Sec.
Sec.
Sec.
Sec.

Remarks:

4 _______________ _ Feet
70
4 _______________ _
160
5 _______________ _
102
7 ____________ _
100
9 ______________ _
100
10 __ ____________ _
160
18 ______________ _
160
21 ______________ _
70
31 ______________ _
256
34 ______________ _
70

Feet
40
60
8!)

65
elJ

GO

120
40
50

4;;

Sec. 5 _____________ _

200

60

O. A. Ridenours ______ Sec. 7 _______________ _
A. Antons ___________ Sec. 29 ______________ _

. 50
177

20
157

'I'homas Matthews ____ Sec. 29 ______________ _

202

102

James Ross --________ Sec. 31 _______________ < 130
Ayers ___________ Sec. 1 _____________ _
220 I
Isaac Riser ___ ______<_ Sec. 1 _______________ _

100

~45

Oharles Kiser ______ Sec. 11 ________ . ____ __
'1'. 79 N., R. 4 W.
(Springdale) •
E. Halloway ________ Sec. 3 _______________ _
Samuel Thomas ___ . __ Sec. 9 ____________ _

124
213

110

160

140

D. Wiggins ___________ Sec. 31 ___________ ___ _

215

180

T. SO N., R. 3 W.
(Parts of Oenter,
Rochester,
10W;1,
Gower).
,
O. P. Pratt___________ Sec. 10 ______________ _
'I'. 82

~.,

R. 1 W.
(Massilon).

81

Water In blue limestone.
All yellow clay to rock.
Water In blue limestone.

From 110 to 120 fcet "pipe clay"
(shale) underlain by 4 feet of COR'
Yellow clay, 70; blue clay, 86; ' sand,
I, to rock. Hill.
First rock shelly limestone, 3; ,)Iuo
shale, 5; hard limestone, 96.
No sand, rock soft and shaly.
Soft blue clay, 50; sand and clay
mixed, mucky, black, 100; clean
fine sand resting on gravel, 70.
Across roan from Ayers. Olay, 50;
muddy sand, 100; clean sand, 75;
gravel, 20.
Yellow clay, 74; sand, 10.
Pipe clay from 125 to 13I.
Yellow clay, 20; soft sandy blue
clay, 20.
On belt of "deep country," which
starts In west of West Branch and
runs west of Downey.

30

<

L. Vansickle _________ SW.

asec. 4_________ _
t sec. 14_______ _

112

82

Well unfinished. Loess, 60; ashen
loess, 10; sand, 12, to rock. Hill.
Blue clay, 50; sond, 70. Hill .
Water at 180; much sand.
Yellow clay, 40; blue clay to bottOlfl;
water In streak of sand at 110.

140
143

120

Yellow clay, 35; blue clay, 85; rock.
Yellow clay, 30; blue clay, 110; ri ver
sand, 3.

80
80
88

1l

130

70

J. S. Erbe____________ SE.
Oharles Kramer ______ SE. l sec. 20 ________ _
E. Schleuter __________ NW. t sec. 27 _______ _

120
183
172

T. 82 N., R. 4 W.
(Pioneer).
Louis Seever ________ NE. 1 sec. 3________ _
D. Foley _____________ Sec. ,21 ______________ _
Ja<coh Hammond ____
W. Bennett _. _____ __ _
W. Elliott ___________
David Rhoudes _______
II

(Logs given in feet)

SE. ; sec. 32. ______ _
SW. i sec. 34 _______ _
SW.
sec. 35_______ _
NE. 1 sec. 36_______ _
~

50

30
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CLINTON COUNTY

BY W. H. NORTON.

TOPOGRAPHY.

The upland of the northeastern townships of Clinton county
attains a height of 900 feet above sea level and is deeply and
intricately dissected. The topography is that characteristic of
the driftless area and the belt of Kansan drift immediately
adjacent. The entire area of these townships has been reduced
by long erosion to valley slopes.
The southern portion of the county consists of a gently undulating plain of Iowan drift, diversified, n€ar the edges, with
ridges and elongated hills of the ,older drift, capped with loess,
and trending from northwest to southeast.
Wide alluvial plains occur not only along the Missi sippi but
also along the entire course of Wapsipinicon riv,e r (except a
short rock-bound reach at Big Rock), and up the valley of
Yankee Run. A broad strip of lowland known as the Goose
Lake Channel, crossing the county from north to south, marks
an ancient temporary channel of the Mississippi.
GEOWGY.

'

The bulk of the Pleistocene deposits of Clinton county consists of the Kansan and the Nebraskan drift sheets, the Iowan
drift forming but a veneer on the area allotted to it. The
northern dissected Kansan upland is thickly covered with a
pebbleless yellow ' silt or dust, the loess. The foundation rock
on which the superficial deposits rest thr,oughout most of the
county is the Niagaran dolomite; some deep-cut ancient valleys,
however, are filled with drift which reaches to the Maquoketa,
a blue plastic shale which outcrops along the base of the bluffs
of the Mississippi as far south as Lyons.
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UNDERGROUND WATER.
SOURCE AND DISTRIBUTION.

Clinton county offers a wide variety of water beds, including the alluvial plains with their shallow ground water, the glacial
gravels associated with the different sheets of glacial drift,
and the Niagaran dolomite. Some of the deepest farm wells of
the county tap still deeper horizons, in the Maquoketa shale
and the underlying Galena dolomite. The artesian wells of
Clinton pass through the Ordovician formations and tap the
Jordan and Dresbach sandstones, and deeper Cambrian strata.
In Sharon township, on the Kansan upland, the drill sti'ikes
the Niagaran dolomite at depths ranging from 70· to 120 feet
and :finds water within 150 feet of the surface . . On the Iowan
drift plain in the southern part of the township wells south of
Lost Nation find water in glacial gravels less than 150 feet
from the surface.
In the northeastern section of Brookfield township, rock appears at the surface. Water is found in the Niagaran at depths
seldom exceeding- 150 f.eet.· A deep-buried river channel enters the northwestern part of the township from Jackson county,
passes east ·of Elwood, and thence trends southwest. The lowest altitude recorded for the rock floor of this buried valley is
470 feet above sea level. This" deep country" passes through
a well-dissected Kansan upland and several wells approach or
exceed 300 feet in depth. Water is usually found in gravel
before reaching rock, but in one or two wells drilling was con- .
tinued to some depth in the Maquoketa shale.
In Bloomfield township no well· reported exceeds175 f.eet in
depth. Water is usually found in the Niagaran, which is generally reached fr,om 50 to 125 feet from th~ surface. Exceptional wells which failed to reach rock and disclose an ancient
buried river ch::mnel are reported, one on the aggraded valley of
Deep creek (section 32), which passed through 144 feet ·of quicksand and struck rock 171 feet below the surface; and two wells
in the hilly country north ,of Delmar (sections 10 and 11),
which reached 200 feet, passing mainly through blue stony clay.

456

UNDERGROUND WATER RESOURCES OF IOWA.

In Waterford township the scanty data at hand indicate that
the Niagaran is covered but thinly with drift in many places.
Water is commonly found in this dolomite at depths of less than
150 feet. The Maquoketa underlies the Niagaran at moderate
. depths; in section 3 it occurs n ot lower than 550 feet above sea
leveL At Browns, on Sugar creek, an ancient channel was discovered by a well which passed through 199 feet of drift to th~
Maquoketa shale, whose summit is about 500 feet above se:]
leveL
•
Most of the wells of Deep Creek township find abundant
water in the Niagaran, which there lies 150 feet below the surface. In the marshy lowlands known as Goose Lake Channel,
carvtld and partly aggraded by the Mississippi during one of the
great invasions of the state by glacier ice, are many driven and
open wells. A drilled well sunk in the channel in section 7
passed through 108 feet 0f alluvial clays and sands without
reaching rock. The rock floor of the channel here lies less than
570 feet above sea leveL
In Elk River, Hampshire, Spring Valley and Lincoln townships wells 00mmonly succeed in finding water in the Niagaran
within 50 to 180 feet from the surface. Sand wells prevail along
the terraces of the Mississippi. The deepest are those which
unfortunately fail to find water in the Niagaran and are drillecl
into the Maquoketa shale, which emerges along the base of the
bluffs at Lyons and other localities along Mississippi river and
in .the valley of Elk creek. In these townships the depth to the
Maquoketa-a matter of great importance to the driller-ranges
. from 100 to 250 feet. At Eagle Point Park the shale,' which
was found beneath 20 feet of loess and 140 feet of Niagaran
dolomite, was 200 feet thick. The well was sunk through the
shale and penetrated 104 feet into the Galena dolomite, from
which a small supply of water was obtained.
A well in Elk River township, section 31, reached the shale
after passing through 142 feet of drift and 100 feet oi'limestone
and found some water in the shale after penetrating it to a
depth of 157 feet.
In Center, Comanche, and Eden townships, which are supplied
chiefly from the Niagaran! few wells exceed 180 feet in depth.
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On the Sullivan f~rm, 1% miles south,east ,of Bryant, a well 409
feet deep enters rock, probably the Galena, near the bottom.
The alluvial sands of Goose Lake Channel, a flat-floored valley
fI"om one to two miles wide, now occupied by Brophys creek,
supply many driven wells. Deep wells have been drilled in the
channel and hav.e failed to find the rock floor at depths even of
175 feet (485 feet above sea level). So far as reported only
alluvial sands and clays occur in this channel. Driven wells
furnish the supply on the Mississippi and Maquoketa flood plains
of these townships.
Washington, Orange, Welton, and De Witt townships obtain
their supplies from glacial gravels or, more commonly, from
the Niagaran dolomite. Few wells exceed 150 or 180 feet in
depth or reach the Maquoketa shale. The succession which may
be expected in deeper wells is shown by the log of the well of
the Chicago & North Western Railway Company, at De Witt.

I

I
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I

Log of well at DeWitt.

I

Thickness
Feet

Drift __________________________________________________________________________ _
Limestone (Niagaran) ______________________________________________________ _
Shale (Maquoketa) penetrated ____________________________________________ _

I

Depth
Fp.~t

40

220
7

40
260
267

Driven wells obtain water on the broad flood plain of ·
Wapsipinicon river.
Liberty, Berlin, Spring Rock and Olive townships draw their .
water supplies from alluvial and glacial sands and gravels and
from the Niagaran dolomite. The flood plain ,o f Wapsipinicon
river, which below Toronto is more than three miles wide, affords many wells 40 to 60 feet deep. The deeper wells drilled on
the flood plain show a filling of the ancient r,ock-cut valley with
150 and 180 feet of glacial and alluvial deposits and reveal the
rock floor at 525 feet above sea level south of Toronto and at
490 f.eet above sea level northeast ,of Big Rock. At places near
Tor:onto the Niagaran approaches or reaches the surface, and
affords a supply to wells at depths of 50 to 100 feet. Over the

•
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larger part of the area of these townships the drift is 70 to 120
feet thick, and wells :find water at less than 150 feet from the
surface in the upper strata of the Niagaran. In places. however, the drift is far thicker, owing to the filling of preglacial
valleys. Thus, north of Bliedorn several wells show drift exceeding 200 feet in depth. This buried valley evidently connects with the preglacial valley which extends from Nashville,
in Jackson county, to a point s,outh of Elwood. This channel
perhaps makes southwest to the aggraded valley of the Wapsipinicon below Toronto, but the data at hand are not sufficient
to trace it.
SPRINGS.

Springs ar,e few in Clinton county, except in the northeastern
part, where Elk creek and its tributaries have ,opened their
valleys to the base of the Niagaran and have thus cut the waterways developed at that horizon near the summit of the impervious Maquoketa shale. Springs from the Niagara,n occur
along Rock Run in Spring Rock township and on the creek near
Grand Mound and DeWitt.
CITY AND VILLAGE SUPPLIES.

Clinton.-The water supply of Clinton (population, 25,577)
is notable in that it is drawn entirely from five artesian wells
(PI. XI), which yield enough to meet the daily consumption of
2,000,000 gallons. The water from these wells is pumped into
a reservoir with a capacity of 10,000,000 gallons and thence
direct · through 42 miles of mains with a domestic pressure ,of
60 pounds and a fire pressure of 100 pounds. There are 400 fire
hydrants and 3,000 taps.
At Clinton the geologic horizon at the surface is somewhat
below the summit of the Maquoketa shale, the shale appearing
at the base of the bluffs, just north of Lyons, a town now incorporated into Clinton. Some of the wells, however, as for
example that of the Clinton Brewery Company, :find the lower
layers of the Niagaran and much of the upper part of the
Maquoketa cut away by a preglacial channel of Mississippi river.

IOWA GEOLOGICAL SURVEY
PLATE )(1

73 miles - - - -- -- - .- - - - - - - + ) - 1 6 miles----. -1:.1 miles -+ ----14 miles - r·8

rniles~ _ - - - - - 30 miles - - - -->- ....f - - - - - _ 32 miles - - - - --+ - -- - - 35 miles

------+. - 1 5 miles - - -

miles --+

....; - - - - - - -

33 miles - - - - - - + > - - - 19 miles - - -

Feet
ImO

Dunlap

Boone
Pleistocene

-- ---

Mount Vernon

Stanwood

- ----- - --~~I- - · ·

Dewitt

----

---- - ---- - -- --~~~-

-----Sea level

---

---

------------ - ---

~--

--- ---

-

-~-

St. Lawrence formation

---

900

- -~ sandstone
Of~

1000 ·

---._---,

IlIOO
I

1.00

/

"

1IiIO

. AlgonKian

1Il10

1110
IlIOO

1900

GEOLOGIC SEGfrON BETWEEN CLINTON AND DUNLAP. I(}WA
By W. H. NOI'l()11
THe

HOlt'.,.

"&T~ /U

co.,

W •• HIH~nOH .

o. c.

UNDERGROUND WATERS OF 'l'HE EAST-CENTRAL DISTRICT

459

Water may be found in the Galena arid Platteville limestlones
at numerous levels, but in such small amounts as to be negligible
when compared with the large yields to be 'obtained from deeper
terranes. The water in the Saint Peter sandstone is now so
overdrawn that no large yield can be expected from this formation. The Prairie du Ohien stage contributes a good deal of
water from its clleviced limestones and sandy beds to each of
the Olinton wells.
The main flow of all the Olinton wells except the deepest
comes from the Jordan sandstone at depths ranging from 1,100
to 1,290 feet,.and at present sufficient water for industrial plants
can be obtained fr,om this horizon.
The Oambrian sandst.ones underlying the Dresbach, reached
now by but three wells, yield far more generously than the upper water beds. Under present conditions they may be expected to furnish mor,e than double the amount supplied by all
the higher terranes combined, and in the future the proportion
will naturally become still lal'ger owing to the depletion of the
upper beds. Fortunately the water of these Oambrian strata
at Olinton is of exceptionally good quality and no fear need be
felt that it will be salty or highly mineralized. To reach the
first sandstone beneath the Dresbach it is necessary to go about
1,650 feet below the level of the Olinton plain. The second sandstone, whose summit is reached at about 1,700 r,eet, contains two
water beds, one within the upper 100 feet, the other between
1,400 and 2,100 feet from the surface. As the overdraft, which
has already brought the artesian head down to approximately
the surface of the ground, increases, the higher terranes may in
time be largely exhausted and the Dresbach and earlier Oambrian sandstones become the chief dependence for artesian
water.
Waterworks well No. 1 has 'a depth of 1,400 feet and a diameter of 5 to 8 inches; casing, 135 feet, packed at base with rubber and lead. The curb is 588 feet above sea level. The original head was 44 feet above the curb and the head in 1896 was
35 feet above the curb. The original discharge was 500,000
gallons a day. Temperature, 64 F. 'T he well was completed
in 1886 by J. P. Miller & Oompany, of Ohicago.
0

460

UNDERGROUND WATER RESOURCES OF IOWA.

W~terworks

well No.2 has a depth of 1,246 feet and a diameter .of 5 inches. The curb is 588 feet above sea level and the
original' head, 44 feet above the curb. The original discharge
was 500,000 gallons a day. Temperature, 64° F. The well was
completed in 1886 by J. P. Miller & Company, of Chicago.
Waterworks well No.3 has a depth of 1,685 feet and a diameter of 8 inches to 1,200 feet and 6 inches to bottom; casing
to 135 feet, packed with lead. 'T he curb is 588 feet above sea
]ev,eL The original head was 44 feet above the curb and the
original discharge 600 gallons a minute, measured on a weir.
'rhe first £low was from 335 feet; continuous flow from 1,050
feet; from 625 to 725 feet, 150 gallons a minute, 8-inch bore;
from 1,025 to 1,150 feet, 400 gallons a minute, 8-inch bore; from
1,400 to 1,675 feet, 600 gallons a minute, 6-inch bore. Temperature, 63° F. The well was completed in 1890 by J. P. Miller
& Company, of Chicago.
Waterworks well No.4 at De Witt Park has a depth of 1,497
feet and a diameter of 8 inches to 1,279 feet and 5 inches to 1,300
feet; casing 'to 700 £:eet to cut off caving sands. The curb is 588
feet above sea leveL The discharge was originally 600,000 gallons a day. Temperature, 63° F. The well was completed in
1893, by J. P. MilJer & Company of Chicag'o. The drillers report that the full flow was reached at 1,100 feet. The well
ceased to flow and was disconnected from the waterworks system.
Waterworks well No.5 has a depth of 1,763 feet 'and a diameter of 8 to 6 inches; 8-inch casing to 125 feet into shale, and
6-inch from 739 to 840 feet. The curb is 588 feet above sea
leveL A small flow began at 850 feet, followed by a considerable increase from 1,140 to 1,160 feet; at 1,230 feet, flow of 165
gallons a minute; at 1,295 feet, 200 gallons; at 1,613 feet, ,238
gallons; at 1,710 feet, 266 gallons; and at 1,763 £:eet. 303 gallons.
~remperature, 64° F. The well was completed in 1902 at a cost
of $3,506 by J. P. Miller & Company, of Chicago.
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Log of city weH NO.5 at Olinton (Pl. XI).

Thickness .
Surface material ______________________________________________________________ _
Limestone ____________________________________________________________________ _
Sh ale ________________ ____________ __________________________________________ -__ _
Limestone ___________________________________________________________________ _
Shale __ " ______________________________________________________________________ _
Sandstone
_____ _____________ _-----------------------------------_______________..._
Sh ale _________________________________________________________________________
Limestone _____________________________________________________________________ .
Sandstone mixed with limestone____________________________________________ ._.
Limestone ____________________________________________________________________ _
Sh ale ___________________________________________________________________________ _
Sandstone
Shale ___________________________________________________________________________ _
Sandstone ____________________________________________________________________ _
J __________ ______ _____________________________________ ___ ____________ _

Feet

Depth
Feet

6
125
227
318
14
50
~2

308
25
155
93
252
55
43

i

HI

~58

676
6£0
740
832
1,140
1,165
1,820
1,413
1,665
1,720
1,763

This log shows the thickness of the Niaga~an dolomite (6 to
131 f~et) and the entire thickness of the Maquoketa shale (131
to 358 feet), as the well was put down at one side of the preglacial channel of the Mississippi.
The thickness of the Niagaran given in this log is corroborated by the logs ·of several other wells. The Dresbach sandstone of the brewing company well section is included in the
sandstone reported from 1,413 to 1,665 feet in the city well No.
5. Apparently the shale at the bottom of the brewing company's well rests on a bed .of sandstone, below which is a 55foot bed of shale, which in turn rests on the water-bearing sand~tone that was penetrat·ed to a depth of 43 feet in the city well.
The record of the city well shows an increase in flow of about
65 gallons a minute from this basal sandstone.
The waterworks well No. 6 has a depth of 2,101 feet and a
diameter of 10 feet t,o· rock, 15lj2 inches to 354 feet, 127'2 inches
to 870 feet, and 10 inches to bottom ; casing to 364 feet; .packing,
lead. The curb is 588 feet above sea level and the head 14 feet
a bove the curb. The first overflow was from the second Cambrian sandstone beneath the Dresbach. The discharge at 1,940
feet was 70 gallons a minute; on completion, 225 gallons. Temperature, 70· F. The wen was completed in 1911 by J. D. Shaw,
of Davenport, Iowa,
During the drilling of the well water from the upper . artesIan
horizons stood 14 feet below the surface until the water bed of
the second sandstone beneath the Dresbach was reached. The

I
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head of this bed is therefore now about 28 feet higher than that
of the higher artesian sources. On the completion of this well
the firs~ drilled well of tl;le Clinton Gas, Light & Coke Company,
is said to have been raised 2 feet. It is reported by the -officials
of the Clinton Water Company that the well of the Treitschler
& Tiesse Malting Company at Lyons began to overflow at the
same time. On the other hand, no change was observed in the
head of the wells of the Sugar Refining Company, the Clinton
Paper Company, the Clinton Brewing Company, the Chicago &
North Western Railway Company, the Fulton waterwo:rks, and
L. Iten & Sons. The officials of the Clinton Waterworks Company are confident that on the completion of their new well the
head of artesian water was lifted about 3 feet over an area extending 2,000 to 3,000 feet from their well. , This implies an
enormous leakage from the well and that the water from the
second sandstone beneath the Dresbach, with its higher head,
finds lateral escape through the higher water beds which feed
the other wells and thus increaS'es their head. The volume of
water from the sandstones underlying the Dresbach must be
immense to supply not only the flow of the well but also the
enormous supposed leakage into the surrounding strata. It is
the intention of the water company to thoroughly test the well
with a currep.t meter, ascertaining the places and amounts of
leakage and then to case off the outlet strata above the Dresbach sandstones.
Reconl of strata in waterworks wei! No.6 at Olinton.

Tbick·
ness

I
Alluvium

"

Niagaran dolomite (115 feet tbick; top, 578 feet above sea !cvel)Dolomite, buff; 4 samples _____________ __________ _________ ________ __ __________
Ordovician:
Maquoketa sbale (225 feet tbick; top, 463 feet above sea level)Shale, blue, plastic; 7 samples ____________________________________________ ____

Galena dolomite and Platteville limestone (350 feet thick; top, 23~ j ~ et above
sea level)Dolomite, gray and brown, crystalline; 8 samples _________________________ ~
Limestone, brown, bard; rapid effervescence; 6 samples __________________
Sbale, dark green, tlssile __________________________ ______________ ________ ___ ___
Saint Peter sandstone (50 feet thick; top, 112 feet below sea level)Sandstone, wbite; rounded grains, tlne_ ___________ __ _________________ ____ _____
Sandstone and dolomite; sandstone, white, coarser tban above; dolomite
gray (Sbakopee?) __ __ __________ __ _____ _____________________________ ____ ----

Feet
IIJ

!

Deptb
Feet
10

115

125

££5

350

!OO
143
7

550

25

725

25

750

693
700
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a·t Olinton-Continued.

_ 'l'biekness \ Deptb

I

Prnirie du Cbien stageShakopee dolomite (150 feet tbick; top, 162 feet below sea Icvel)Dolomite, brown and gray, 5 samples __________________________________ _
~ew Richmond sandstone (35 feet tbick; top, 312 feet below sea level)Dolomite and sandstone; color in mass, buff; all In fine sand; oolitic __
Dolomite, arenaceous, cream colored and pink , cberty _________________ _
Oneota dolomite ("30 feet thick: top , 347 feet below sea lcvel)Dolomite, wbitlsb; in fine sand; 2 samples _______________________________ _
Marl; in finest arglllo-silico-calcareous powder _______ ____ _____________ ___ _
l'nlomite, whitisb, cberty: some oolitic, cbert; 8 samples _____________ _
Dolomite, Iigbt gray; 7 samples __________________________ ___________ _____
Oambrian:
Jordan sandstone (155 feet tbick; top, 577 feet below sea level)Sandstone. calciferous; or dolomite, highly arenaceous; fine grains, moderately well rounded; some chips of dolomite; some fragments show quartz

Feet

Feet
150

900

25
10

925
935

10
50
165

945
950
1,000
1,165

155

1,320

15
10
10

1,335
1,345
1,355

5

I

g~~;~.e~~e df~~:~~i~m m(~~ix~eet-ljlick;-tci'i;~-7ii-feet--beio~;-!;e-a-levi;i)=1

Saint
DolomIte, gray; In small cbIPs __________________ ~-------------- --- ----------Marl, wbite, residue after solution, microscopic silica and clay___________ _
Dolomite, Iigbtl gray; In sand and powder __ ~ _______ ________________________ 1
Marl, pink, glauconiferous; microscolJlc (Juartoze and argillaceous rcsidue l

S:~~~~o~~IU!~~n doiomite;--;and;tone~--d-ark--red-,---argiUaceo~s~--(i£-fillesil

grain; dolomite, gray, glauconiferous ___________________________________ _
14
Sandstone, fine-grained; grains imperfectly rounded; glauconiferous with
some bard fissile green sbale_________ _______________________ _______________ _
30
Sbale, blgbly arcnaceous, glauconlferous, fine-grained; in Iigbt green flour
40
Sandstone, fine-grained; grains imperfectly rouuded, higbly glauconiferous,
in cbips; and arenaceous red sbale_______________________________________ _
5
Dresbach sandstone and underlying strata (65G feet penetrated; top, 852 feet
below sea leveJ)Sandstone, wbite; larger grains reacbing diameter of 1 millimeter_________ _
5
Sandstone, clean , wbite, fine-grained quartz sand _________ ________________ _
5
Sandstone, pinkisb; larger grains 1 millimeter, some reaching 1.5 millimeters
20
Sandstone, white, fine-grained; 3 samples _________________________________ _
35
Shale, drab, plastic ________________________________________________________ _
10
Sbale, brigbt green, highly glauconiterous, arenaceous; driller's log gives
30
shale from 1,510 to 1,550-------------------------------------------------___ _
Sandstone,
light
in __diameter,
roun ded ___
__ __ __pink;
____ __ __larger
__ __ __ __grains
__ __ __ __0.8
_____ millimeter
___ ___ __ ___ _____
_____ ___ ____well
__ _
20
Sandstone, moderately fine, wblte____________________________________________
30
Sandstone, pinkish, glauconiferous __________________________________________
30
Shale, Iigbt grcen, fiissile, glauconiferous; 2 samples_____________ _________
65
Sandstone, ligbt buff; fine-grained, bard_____________________________________
35
Sandstone, wbite; grains mostly below 0.5 millimeter in diameter________
20
Sllndston~; as above, but coarser; chips of arenaceous dolomite; 2 samples
50
samples _____ ____ ____ ________ ____ __ __________ __ ___ ___ __ _____ ___ ___ ___ ___ _______
50
Sandstone, white, mocierately fine, at ________________________________________ _______ _
1:l311dstonc, whitc; larger grains, about 0.7 millimeters in diameter; moderately well
rounded, ________
fairly _______________
uniform; a few
show secondary cnlargeat ____________
____________________________
____________ _
ments,
Sandstone; grains less uniform; light PInk at 1,910; buff at 1, ~25 , aL __ ______ _
Sandstone, wbite; grains moderately well rounded; larger 0.8 and 1 millimeter in diameter; well overflows from tbis water bed, at _______________________ _
Sandstone;
above;
wbite and some bull' or red from rusting of drillings;
7 samplesas ___
________________________________________________________________________
_
Sandstone, light bull'; larger grains 1 millimeter in diameter, secondary enlargements; some bard green flJssile sbale, at ____________________________________ _
Sanilstone, pink, moderately fine, at _______________________________________________ _
Sandstone,
buff; _________________________________________________
larger grains 1 millimeter in diameter, imperfectly
rounded, darker
at __________
-_____________ _

1,356

1,370
1,400
1,440
1,445
1,450
1,455
1,475
1,510
1,520

1,550
1,570
1,600
1,630
1,685
1,720
1.750
1,800
1,500
1,849
1,880
1,925
1,940
1,998
2,068
2,065

2,101

The Chicago & North Western Railway well No.1, located at
the shops, has a depth of 1,159 feet and a diameter of 10 to 4
inches. The curb is 588 feet above sea level and the ,original
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and present head 12 feet above the curb. The tested pumping
capacity is 500 gallons a minute. Temperature, 56.5° F. The
well was completed in 1896 by J. P. Miller & Company, of Chicago. Owing t~ decrease in pressure and contamination of the
water, it was recased in 1905 by inserting 30 feet of 8inch, 72 feet of 5-inch, 315 feet of 4-inch, and 27 feet of 3-inch
casing, and its flow was thereby increased.
The Chicago & North Western Railway well No.2 at the
South Clinton roundhouse has a present head of about 20 feet
below the curb. The temperature of the water' is 57° F. The
well was drilled about 1900. It ceased to flow in July, 1908, on
the completion of the new Clinton Sugar Refining Company's
well; it regained its flow when the latter was closed. In the
summer of 1910 an air lift was used ·on these two wells from a
depth of 300 feet. The discharge from the two wells combined
was 1,500,000 gallons a day.
.
The Clinton Gas, Light & Coke Company's well No.2 has It
depth of 1,605 feet and a diamete-r of 12 inches to 8 feet, 101/ 2
inches to 35 feet, 8 inches to 853 feet, and 61ti inches to bottom.
Its curb is 579 feet above sea level and its head is 2 f·eet above
the curb. The pumping capacity is 500 gallons a minute; temperature, 72° F.
The well was completed in 1911 by H. W·
Hambrecht, of Sterling, Illinois.
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Record of strata in Olin ton Gas, Light & Ooke Oompa"n y's well No.2.

1 Thickness

I

I Depth
Feet

Feel

River
deposits:
Olnder
filling ________________________________________________________________ _
Loam, black _______________________________________________________________ _
Sand _________________________________________________________________________ _
OIay, red _________________________ ___ L _________________________ __ ____ __ _____ _
Sand _________________________________________________________________________ _
Gravel ___________________________________________________________________ ____ _
Sand ________________________________________________________________________ _
SlIurian:
Niagaran
Loose dolomiterock ______ , __________________ ______________________________________ _
Lime rock _______________________________________________________ ____ ____ _
Ordovician:
•
"
Maquoketa shaleFlint. yellow-white. and blue and brown shale ___________________ _____ _
Galena
and Plattevllle limestoneLimedolomite
rock ______________________________________________________________
_
Shale _____________________________________________________________________ _

53
65
69

1
44

" 70
114

121

335

326
14

68ii

61

746

2

748

560

1,308

Saint
Peter sandstoneSandstone
__________________________________________"" ____________________ _
Prairie
Chien_____________________
stageShaledu ______
-____________________ -----_____________ -__ _
Cambrian:
Jordan
Limesandstonerock ______________________________________________________ - ________ _
Saint Lawrence formationSh ale ______________________________________________ ------ --- -- --- ------ ---Dresbach sandstoneS ands tone ___ __ ____________________ -_-_ --______ -------- ---_ ------ -- --------

5

5
4
3
17
24
12
4

9
12

29

671

105

1,413

192

1,605

The chief water beds were at 550 feet ~Galena dolomite, which
furnishes the principal supply), at 800 feet (Shakopee dolomite), at 1,200 feet (Jordan sandstone), and 1,500 feet (Dresbach sandstone).
The Trietschler & Tiesse Malting Company's well has a depth
of 1,132 feet and a diameter of 8 to 5 inches; 8-inch casing to
] 50 feet; casing also between 700 and 800 feet. The original
bead was 3 feet above the curb, and the original flow 300 gallons
a minute. · Most of the water comes from 1,050 to 1,130 feet. "
Temperature, 60 F. The wen was completed in"1897 by J. P.
Miller & Company, of Chicago.
0

D1'iller's log of Trietschler £1: Tiesse Malting Oompany's" well.

I

Thickness

Surface ___________________________________________ -__ -___________ __ ______________ _
Limestone ______________________________________________________________________ __ _
Shale _____________________________________________________________________________ _
Limestone ________________________________________________________________________ _
Sh aIe _____________________________________________________________________________ _
Sandstone ________________________________________________________________________ _
Limestone _____________________ ___________________________________________________ _

110

Feet
40
80
200
352

8
65
387

I

Depth
Feet
"

40
120
320

672
680
745
1.132
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Five years after the completion of the well an air lift was installed but shortly afterwards the brewery was closed and the
well is not now in use.
The two wells of the Clinton Sugar Refining Company have a
depth of 1,226 feet and a diameter of 12 inches to 422 feet, 10
inches to 727 feet, 8 inches tlo bottom; 10-inch casing to 422
fle et; 8-inch casing from 666 feet to 747 feet. The curb is. about
586 feet above sea leveL - The original flow was 191 gallons a
minute and the tested pumping capacity 400 gallons a minute.
The first flow was very. slight, at 760 feet, but markedly increas'ed at 935 feet, gradually from 935 to 1,100 feet, and
largely at 1,190 feet; no further increase was noted. Temperature, 62° F. 'T he well was completed in 1908 by J. D. Shaw, of
Sioux City, Iowa. The sinking of the wells se'r iously affected
the supply of the well of the Chicago & North Western Railway
Company at the roundhouse at South Clinton.
Recora of strata in well of Clinton Sugar Refining Oompany.

ThiCk- I Depth
) ness
Feet
Silurian:
Niagaran dolomite (177 feet thick; top, 586 feet above sea leveI)DolomJte, buff and light cream color; In powder and fine sand; six samples
flO
Dolomite, buff, subcrystalline; in small chips and coarse sand; five samples
40
Dolomite, very light gray, cherty; seven samples _______________ ____________ _
67
Dolomite, light blue-gray, cherty; In fine chlppings _________________________ _
10
Ordovician:
Maquoketa shale (213 feet thick; top, 409 feet above sea leveI)Shale;
greenish
gray to 340 feet; below, olive-green-gray and drab: 20_
samples
______________________________________________________________________
213
Galena dolomite and Platteville limestone (335 feet thick: top, 1. 6 feet above
sea leveI)Dolomite, yellow-gray, crystalline: nine samples ___________________________ _
105
Dolomite, brown and gray. cherty: six samples _____________________________ _
75
Dolomite, yellow--j?ray and brown-gray: two samDles __"___________________ _
25
Dolomite, llght yellow , highly argillaceous, cherty _________________________ _
20
Dolomite, brown, blue-gray and buff; three samples, from 625 some nonmagnesian limestone chips in drillings _____________________________________ _
30
Limestone,
yellow,
gray___________________________
and blue-gray, earthy,______
nonmagnesian:
in fiaky
_________ _________
____ _
chips; seven
samples
70
Shale, greenish drah: in molded masses _____________________________________ _
10
Saint Peter sandstone (30 feet- thick: top, 139 feet below sea leveJ)Sandstone,
clean;
rounded grains, attaining _____________________
a diameter of 1 millimeter; twowhite,
samples
_________________________________
___ _
20
Sandstone, white, tine; considerable diversity in size of grains _____________ _
10
Prairie du Ohien stageShakopee dolomite (180 feet thick: toP. 169 feet helow sea leveJ)Dolomite, gray: some sand (first water) _________________________________ _
JO
Dolomite, gray: much Quartz sond: two samples _______________________ _
35
Dolomite, gray. cherty, considerable sand _____ _______________ ~ _________ _
10
Dolomite, light gray; considerable sand and some bright green sbale:
three samples ________________________________________________________ ____ _
25
Dolomite, ligbt gray; clean of sand; in chips and saJlC~: six samples ___ _
to
Dolomite, light gray; cherty, little Quartz sand __ ________ __ __ ___________ _
10
Dolomite. brown-gray; with oolitic white chert, three samples ________ __
30
New Richmond sandstone (£0 feet thick; toP. 349 feet below sea Ievel)DolomJte, higllJy arenaceous, cherty, whitish; two samples ___________ _
20

,

\

.

Feet
60
100
167
177

300
495
070
595
615
645
7J5

725
745
755
765
ROO
810
835
~~

U05
H35
055
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ThiCk-I Depth
ness

I
Oneota aolomite (160 feet thick; top, 369 feet below sea level)Dolomite, whitish, clean of sand; three samples__________________________
'Dolomite, wbitisb, higbly cherty__________________________________________
Dolomite, yellow-gray, brown ana buff, and blue-gray; cberty at 995,
1,025, and l,10a feet; eleven samples____________________________________
Oambrlan:
Jordan sandstone 1100 feet penetrated; top, 529 feet below sea Ievel)Sandstone, white, fine-grained; grains sbow secondary enlargements ,
many grains fractured; some chips of light buff dolomlte _______________ _
Dolomite, ligbt buff; some rounded grains of quartz sancL __________________ _
Sandstone, white, fine; secondary enlargements; a little dolomite ___ _____ __
Dolomite, light buff, some sand; two samples _______________ ____ ____________ _
Sandstone, white, tine-grained; secondary enlargements, some cbips show
sand grains and calcareous and cherty matrix___________________________ _
Dolomite, light gray; some sand _____________ _______________________ _________ _
Dolomite,
blue-gray and buff, cherty; oolitic chert at 1,185 feet; two_
samples _______________________________________________________________________
Dolomite, ligbt gray, tine-grained, and sandstone, some whitish marL ____ _

Feet

Feet

30
10

U85
!l95

120

1,115

10
10
10
20

1,125
I,m
1,145
1,165

10
10

1,175
1,185

15
15

1,200
1,215

The well of the Excelsior Laundry Company has a depth of
737 feet and- a diameter of 10 to 8 inches. The head is 11 feet
below the surface. Date of completion, October 31, 1910;
driller, M. P. Peterson, Madison, Wisconsin. On the average
there are pumped 20,000 gallons a day. Continuous pumping
lowe·r s the well 3 or 4 feet. No account of the water beds was
kept, but as the well extends to or below the base of the Saint
Peter, it may be taken for granted that the supply is from that
formation and from the Galena and Plattev.iUe limestones.
The well of Curtis Brothers has a depth of 1,150 feet
and a diameter of 12 inches to 27 feet, 8 inches to 745 feet, and
614 inches to bottom; casing, 24 fe et of 12 inch at top, 311 feet
of 8 inch immediately below; 92 feet 'of 614 inch from 653 to
745 feet. The head is 3 feet below the surface; driller, H. W.
Hambrecht, Sterling, Illinois. Date of completion, February
10, 1911. Temperature 60° F.
Record ot strata in Curtis Bros. well at Clinton.

I
Surface
deposit:
Filling
of sawdusL __ ________________________________ ________________________ _
Clay ________________________________________________________________________ : _
Silurian:
l<iagaran dolomiteJ.Jirne, yeJ]ow,
loose -----------------------------------------------------Lime,
yellow __________________________
_______.___ ________________________ _
Lime, wbi te _________________________ .. ___________________________________ _
Lime. blue __________________________ __ ________________________ __ _________ _
Ordovician:
shaleMaquoketa
Shale, blue
and brown _____________ ______________________________________ _
Galena
and Platteville Jimes,tone_________________ _____________________ _
Limedolomite
rock _________________________
Shale, green _____________________________ -____________ ______ _____________ _

Thlckne: (

Depth

Feet

Feet

12

12

S

20

7

27

33
12
63

60
72

135

203

338

335

6i3
687

14
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IThickness I Depth
Feet

Feet

Saint
Peter sandstoneSandstone
_____________________________________________________________ _
Prairie
du
Ohlen
stage- _______________________________"____________________ _
Lime rock ____________
Oambrian:
I
Jordan
sandstoneSandy
lime ______________________________________________________________ _

58

U5

410

1,155

8

l,lr.3

The well of the Clinton Ice Company has a depth of 1.561
feet and a dia:p1eter of 10 inches to 62 feet, 8 1-8 inches to 745
feet, and 5 1-8 inches to bottom. The head is 9 feet below the
curb ' and the pumping capacity 75 gallons a minute. Temperature about 68° F. Date of completion, 1910; driller, H. W.
Hambrecht, of Sterling, Illinois.
Record of strata in Olin ton Ice Oompany's well at Olinton.

I

'l'hickness

Surface
________________________________________________________________________ _
Fillingdeposit:
Olay
_____________ -__________________________________________________________ _
SlIuria:tJ.:
Niajraran dolomite•
Lime, yellow _____ _______ ________________________________________________ _
Lime, blue _______________ ______________ __________________________________ _
Ordovician:
Maquoketa
shale.
Sh ale, blue
______________________________________________________________
_
Shale , brown ____________________________________________________________ _
Galena
and Platteville limestoneLimedolomite
rock _________________________________________
"_____________________ _
Lime, brown _____________________________________________________________ _
Sh ale, blue _________________________ -- -____________ -___ --__________ -- ____ _
Saint
Peter
sandstoneSand
rock
_______________________________________________________________ _
_~

Prairie
Ohien
stage.
_________
_______________________________________________________
_
Limedurock
Sand rock _____________ _________________________________________ -------__ _
Lime rock _____________________________ ____ __________ __________ ------____ _
Lime rock, red ___________________________________________________________ _
Lime rock, brown __ _____________________________________ __________-------Oambrian:
Saint Lawrence formationSh ale _____________________________ -___ -________ -__ -- --- ------ --- -- -- -----__
Dresbach sandstoneSand rock ------c---------------------------------------------------------~

Feet

I

Depth
Feet

8
12

8
20

92

10

112
122

150
58

2i2
330

90
143
123

420
583
886

52

738

387
42
33
8
12

1,105
1,147
1,280
1,288
1,300

102

1, 402

15D

l,!l61

The paper company's well has a depth of 1,076 feet and .'1.
diameter of 8 to 6 inches; 6-inch casing to 84 feet. The curh
is approximately 588 feet above sea level. The original head
was 42 feet above the curb; head in 1896, 8 feet above curb;
present head (1909), 2 feet above the curb. The original flow
was about 200 gallons a minute. T,e mperature, 59° F. rrhe
well was cordpleted in 1883 by J. P. Miller & Company, of
Chicago. The well showed considerable loss of pressure within
four years after its completion. As it had been closed nights
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and Sundays, it was thought that much of the, water was forced
by the pressure on the sides of the bore hole into crevices of
the rock. In 1893 the well was reamed and another casing inserted. At the bottom of the first casing the rock was found
so eroded by the water that the reamer dropped 7 feet. A
casing was then put in to the depth ,of 160 feet, and packed with
rubber, but without increasing the flow.
The well of C. Lamb & Son has a depth of 1,230 feet and a
diameter of 5 inches; casing to 125 feet. ' The curb is 588 feet
above sea level. The original head was 60 feet above curb;
the present head is much lower, and the .well ceases to flow
when pumps are working on Sugar Refining Company's well,
about 500 f.eet distant. Temperature, 59% ~ F. The well was
completed in 1888 at a cost of $2,128 by J. P. Miller & Company
of Qhicago. It has passed into the ownership of the National
Papier Mache Company, and is not now in use except as a drinking fountain.
L. Iten & Sons' well has a depth of 1,180 feet and a diameter
of 6~ inches; casing, 200 feet. 'T he curb is about 588 feet
, above sea level. The head is slight, flowing 75 to 100 ,gallonE\
a minute. The first good flow was from 1,025 feet, and the
next noticed was from 1,180 feet. Temperature, 62° F. The
well was completed in 1907, at a cost ,of $3,000, by J. D. Shaw,
of Sioux City, Iowa. 'T his well Ho:ws ;from 9 p. m. to 10 a. m.,
and then the water sinks to about 1 foot below the curb.
THe Clinton Brewing Company's well has a depth of 1,620
feet and a diameter of 10 to 6 inches; 10-inch casing to 99 feet,
, 8-incb, to 212 f.eet, 6-inch to 300 feet. The head is 2 feet below
the curb. ' ,T emperature, 62° F. The well was completed in
1907 by L. Wilson & Company, of Chicago. Although many
deep wells have been drilled at Clinton, no adequate record of
the strata penetrated was available until 1907, when this well
was put down. Samples of the drillings were taken every 5
or 10 feet.
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Record of strata in well of the Clinton Brewing Company.

Feet
Feet
Quaternary
(205, feet
thick;
top 5S8 feet above sea lev6!):
SOil, black
sandy
_________________________________________________________
______ _
Si
8!
Sand, coarse, gray _______________________________________________________________ _
4
'Ii
Sand, light gray, fine __________ __ ____________________________________________ _
12
1~
Gravel _______________________ _______________ _____________________________________ _
22
2i
Gravel and sand _________________________ _________________________________________ _
13
85
Sand, gray, tlne __________________________________________________________________ _
S9
4
Gravel and sand ____________________________________________________________ ______ _
?:
S9i
Gravel, coarse, well rounded, 2 samples ___ _______ __ _____________________________ _
52
12~
Sand and gravel, yellpw·gray____________________________________________________ _
66
14
Gravel, coarse; pebbles up to 2 inches in diameter ___________________________ __ _
67
1
Sand, yellow·gray, coarse _________________________________________________________ _
77
It'
Olay, pink, friable, noncalcareous _________________ _____________________________ __
77i
i
Gravel, pebbles reaching I! inches in diameter _____________ ________ __________ ___ _
97
lS~
Olay, dark·colored slate, sandy___________________________________________________ _
S
100
Clay, sand and gravel, yellow _____________________ _______________________________ _
10
110
Gravel, coarse _________________________________. __ ________________________________ _
113
8
Sand, orange, medium flne. ______________________________________________________ _
122
9
Gravel, coarse ____________________________ ____ ____________________________________ _
8
125
Sand, light yellow ______________________________________________________ ---------_
8
138
Gravel, coarse; with limestone pebbles 1~ inches in diameter ___________________ _
140
7
Sand, yellow, tlne _________________________________________________ ________________ _
160
20
Olay, light yellow, calcareous _____ ______ _________________________________________ _
2
162
Sand, yellow" fine ______________________ ________________________________ - _________ _
12
174
Olay, light yellow, calcareous __________ __________________________________________ _
177
S
Sand, tine, yellow _______ __________________________________________________________ _
181
4
Olay, yellow, hard, calcareous ____________________________________________________ _
2
J.!!3
Gravel, coarse _____________________________________________________________________ _
1S11
3
Sand and gravel __ ______________________________________________________________ .
2
IllS
Gravel, coarse, with glaciated pebble____________________________________________ _
195
7
Sand anll gravel, with ' fragments of granite bowlder_____________ _____________ _
2
197
Olay, hard, yellow, calcareous ________________________.. ________________________ _
198
1
Sand, yellow, tine ___'_____ : _____________________________________________________ __
205
7
Ordovician:
Maquoketa shale (125 feet; thick; top, 383 feet above sea leveJ)Shale, blue·green; 2 samples _______________________________ : _________________ _
330
125
Galena dolomite to Platteville limestone (340 feet thick; top 258 feet above
sea level)Dolomite,
gray, crystalline; cherty from 435 to 450 and from 4Il0 to 470 feet;
16 samples ________________________ __ _________________________ ________ ____ _
170
500
Dolomite, gray, cherty _______________________________________________________ _
10
510
Dofomite, gray or light buff, vesicular at 510 feet; crystalline; 7 samples ____
565
55
Dolomite or magnesian limestone, brown, crystalline; with brown fossiliferous and bituminous shale _______________ ________________________:.. ______ _
570
5
Shale, brown, higbly bituminous and fossiliferous ________________________ _
67';
5
Limestone, magnesian, brown _______________________________________________ _
12
'>1fT
Limestone, magnesian, drab, subcrystalline; cherty at 600 feet; 4 samples __
620
83
Limestone, blue-gray, nonmagnesian, compact, fossiliferous, thin, laminated, in flaky chip's; 4 samples ____________________________________________ _
25
645
Limestone, light yellow-gray, sott, earthy, fossiliferous, in thin flakes ___ _
5
650
Limestone, light oliie-b"'''y, 1O •• lJIrerous; rapid effervescence______________ ..
655
5
Shale, brown, bituminous, in thin flaky chips; and limestone, compact,
earthy: rapid effervescence _________________________________________________ _
10
665
Shale, blue-green, pyritiferous , flaky ________________________________________ _
5
670
Saint Peter sandstone (60 feet thick; toP. 82 feet below sea level)8andstone, white: largest grains 1 millimeter in diameter: 5 samples _______ _
725
65
Sandstone, light buff, tln&-grained, with angular sand of dolomite _______ _
Ii
780
Prairie du Ohien stage (345 feet thick; top, 142 feet below sea level)Dolomite, gray; in chips; considerable sand___________________ _______________ _
748
18
Dolomite, gray, slightly areoaceous _________________________________________ _
753
5
Dolomite, gray; with arenaceous laminae; in chips _________________________ _
7
760
Dolomite, gray; with hard dark sbale_________________ __________ __ ___________ _
775
15
Dolomite, gray; pyritiferous and blue-gray at 783 feet; 2 samples __________ '
18
79il
Sandstone,
in detached rounded grains of moderate tlneness; and dolomite_
in chips ______________________________________________________________________
fiVoi
7
Dolomite, light gray, compact; large cherty and argillaceous residue _______ _
10
e10
Marl; in whitish powder, highly calcareous; large argillaceous and arenaceous
residue;
grains
diverse
in
size,
but
none
coarse,
imperfectly
rounded ______________________________________________________________________ _
825
15
gray to dark drab, crystalline, vesicular; in places cherty;_
Dolomite,
____________________________________________________________________
8 sampleslight
~

~

Dolomite, light gray; in tine chips, with grains of quartz sand _____________ _
Dolomite, light gray; In tine chips; sandstone in detached grains ___________ _

70
8
8

895

90a

911
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Thi Ck-I Depth

I ness
Sandstone, light gray, calciferous, hard, fine-grained; In chlps ___________ _
Dolomite, light gray and Dink; cherty at 920 feet; 4 samples _____________ _
Ohert, white, and whitish dolomite; In chlps ____________________________ _
Dolomite, llght yellow, cherty; In sand; 2 samples ________________________ _
Marl; In light yellow powder; large residue of minute and microscopic
angular tlakes of cryptocrystalline Quartz with some of crystalline Quart?
gray ________________________________________________________
and blue-gray; in places cherty and In places arell-_
Dolomite,
aceous; 8light
samples
Cambrian:
Jordan sandstone (65 feet thick; top, 487 feet below sea level)·gray,________________________________________________________
calciferous, fine-grained, glauconlferous; in chips;_
Sandstone,
light gray
and dolomite,
Dolomite, light gray, arenaceous, Quartz grains, fine, rounded __________ _
Sandstone, light gray, calciferous; In small chips and fine sand ___________ _
Saint Lawrence formation (255 feet thick; top, 552 feet below sea level)Doromite,
buff,
In sand;
according to log cuttings tlowed away be-_ .
tween 1,130
andcherty;
1,240 feet
____________________________________________________
Dolomite, light brown, hard, crystalline: in chips _______________________ _
Dolomite in chips, slightly siliceous and ~lauconlferous ____________________ Dolomite,
highly
siliceous;
with minute Quartzose
particles; glaucon--_
Iferous; pink,
in chips
___________
______________________
________________________
Dolomite, gray, siliceous; in chips, 3 samples ______________________________ _
Dolomite,
light
pink, highly siliceous, with minute Quartzose particles; glau-_
___________________________________________________________________
coniferous
Marl, pink, calcareous; in powder and easily friablc compacted masses; residue argillaceous and microscopically Quartzose; glauconiferous ________ _
Shale, llght blue, calcareous, plastfc_________________________________________ _
Dresbach sandstone and underlying strata (225 feet penetrated; top, 807 feet
below sea level)Sandstone,
buff, In
friable;
grains
rounded; considerable diversity in size;_
largest 1 light
millimeter
dlameter
____________________________________________
Sandstone, white; grains, 0.25 millimeter in diameter ___________________ _
Sandstone,
light
yellow; grains well rounded; largcst grains, 0.75 millimeter
______________________________________________________
--------In diameter
Sandstone,
-light
yellow;
fairly
well
rounded;
larger
grains
0.5
miUimeter
in diameter ______________________________________________________ ----------"Sand rock:" cuttings washed away_____________________________________ _
Shale, cuttings washed away _____ __________________________________________ _

Feet
9

Feet
920

45

' 965"

5
20

990

10

1,000

75

1,075

15
Sll

20

1,090
1,120
1,140

70
10 '
10

1,210
1,280
1,280

10

SO '

970

1,240
1,270

10

1,280

52

77

l,3lEl
1,895

15
10

1,410
1,4£0

10

1,430

10
162
18

1,440
1,602
1,620

The geologic seytion is continued 140 feet,deeper by the log
" ! ' of city well No.5 (p 460).
The gas company well has a depth of 1,085 feet and a diameter of 8 to 5 5-8 inches; casing, 6 feet to rock. The curb is 579
feet above sea level and the original and present head 35 feet
above curb. It flows 230 gallons a minute. Water was found
at 1,000 feet; temperature, 59° F. The well was completed in
1901 at a cost of $1,800 by J. P . Miller & Company, of Chicago.
Delmar.-The water-supply system of Delmar (population,
548) includes wells of depths not reported, a standpipe, and
2,700 feet of mains with six fire hydrants. The pressure is 46
pounds. For the most part the town draws its domestic supply
from drilled wells 30 to 250 feet deep, 100 feet being the most
common depth. Wells enter rock at 90 feet and the largest
supply is found at 100 feet.
De Witt.-At De Witt (population, 1,634) the water supply is
drawn from two wells, 274 feet and 524 feet deep. (See PI.

.,
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XI.) The deeper well iJ3 10 'inches in diameter, enters rock at
40 feet, and finds water at 500 feet. Water stands 100 feet below the curb after long pumping and rises ten feet when pumping ceases. The 274-foot well lSi 8 inches in diameter
and finds its main supply at 270 f,eet. Water heads at 40 feet
below the curb, but long pumping lowers it to 150 feet. The
Maquoketa shale at De Witt is struck at about 260 feet from
the surface, and the city well evidently passed entirely through
it and found water in the Galena dolomite. It is regretted that
no record of the well was kept showing the thickness of the
shale.
If the city well or the well of either of the railway companies
at De Witt should fail to yield enough water, recourse may be
bad to water in the Saint Peter sandstone, which lies 800 to 850
feet below the surface; its water will rise within ,e,a sy pumping
distance. Water will also probably be found in the limestones
(Platteville and , Galena) ov'e rlying the Saint Peter, but this
can not be assured.

Grand Mound.-:.At Grand Mound (population, 428) the
gravity system is e:rpployed, a pressure of 32 pounds being .
afforded by a .standpipe. There ar'e 13 fire hydrants, 55 taps,
and 1 mile of mains. The supply comes from a well 6 inches in
diameter and 87 feet deep. Rock is entered at 70 feet and
water was found in the Niagaran at 80 feet. It heads 30 feet
from the surface. The. maximum yield by pumping is 1112 barrels
a minute.
Wheatland.-'The supply of Wheatland (population, 539) is
, 9,rawn from a well and distributed irom a .tank by the gravity
system through 1% miles of mains. There are 10 fire hydrants
and 24 taps. A large part of the popUlation is supplied by
hous,e wells which range in depth fr,om 11 to 178 feet. The city
well is 6 inches in diameter and 189 feet deep and enters rock
at 14 feet. It is cased to 185 feet.
Minor supplies.-Information conoe·r ning supplies in the
smaller communities is presented in the following table;
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0]'

Village s1lpplies in OZ)inton Oounty.
======~==:===========T==~==~~======
...
~

'"...

c.>
0

"
~

Town

Nature of Supply

.E

.8

"' '''

"-

:;'0

.d

<l> .d

,.
Brown ____________
Bryant ____________
Buena Vista _______
Oharlotte __________
Oomanche _________
Elvira _____________
Folletts ___________
Uoose Lake _______
Lost Nation _______
Low Moor
_________
Malono
_____________
Teeds Grove _______
Toronto __________
Welton _____________

<l>

A

A

Head Below
Ourb
~

0

~

.d

r:n

'"
<l>

OJ

A

Feet200 Feet
Feet
Feet
Feet
Wells _____________________________ _ Below
10-50 ______________
-------- --------_
Drilled wells _______ ________ _ ___ _ ,._________________________
Wells ________________________ _
90-190
85-50 40-1(1()
5
50
Drilled wells ______________.. __ . ___ .
82-120
100 24-160
20
80
Driven wells ___________________ ____
So-S8 ________ ________
28 _______ _
Drilled wells ______________________
50-Ina
25 ________
40
Driven and drilled wells_______ ___
i!6 ________
28
45
Drilled wells ___________ ____________
60-90 ________ ________________________
____ Do. ___________________________
45-140
100 50-120
40
80
Open, driven
and drilled wells__
18-120 -------- -------~O
20
Drilled
wells ___________________
80-120
4()-60
£5
50
160
Wells ____________________________
18-100
115
15
-------------Drilled wells ______________ ._____
40-125
100
60
85
40
____ Do. __________________________
18-25
13
~ 60

-------

--------

WELL DATA.

The following
county:

t~ble

gives data of typical wells in Clinton

Typical wells in Olinton Oounty.

'""8
.8

Loc ation

Owner

.d

.d

"-

_---

Lost Na tiOD .
J. G. Garder ____ NE . ~ NF'. t StlC

.'

'"

A

47 Llmestone _______ Alluvium, 7; yellow clay, 40;
limestone, 48.

95

130 - ..

' 8.~

187 -----

l40

Mrs . P . Pitch ___ SW. ; SW. t sec. 81

14D

J.

~ro s kcy

_______ N.

~

NE.

~

'sec. 28__

8; yellow clay, 30; blue
clay, 97; limestone, 5.

----- ... ----------- Creck bottom. Soil, 4; yellow clay, 4; very fine sand,

257 ... -- ------ -- ------- Upland .

277

329

_-_ ..-------.. _- Soil,

125; . coarse gravel, 8.
70 ----------------- Yellow clay, 85; blue clay,
35; limestone, 70.
__________________ Uplo,nd.
80
Fine red sand, SO;
limestone, 60.

'T. 83 N .. R. 2 E.

(Brookfield) .
IV : Whit.scll ... Sec. 9 __ _-----------

Remarks:
(LogS gi ven in fe et)

Feet Feet

J . Mulverhlll ---_ SE . t sec • 6 _________

.r.

Water-bearing
Formation

"-

<l>

A

T . 83 N., R. 1 E.
(Sharon).
MIl- Lost Natl on - ...
Ohlcago,
...
waukee & St.
Paul Ry.
W. Jaronsen _________ do __ _
----------"

<

.

--- ~

SoU, 2' yellow
clay, 40; blue clay, ~15;
limestone,
GraveL _________ Baso of bluff20.
. Yellow bowldery clay, 37; blue elay
100; qulcksallrt, 115; blue
clay, 75; coarse grave!, 2.

474

UNDERGRQUND WATER RESOURCES OF IOWA.

Typical wells in Clinton County-Continued.

I

Owner

Water·bearing
Formation

Location

_____ ____ ___________ NE.' 11 NW. ! sec. 9_
.~-----_o_----------_ NW. ; SE. i sec. 9_

Benton _____ NW. ; sec. 22_____ _
Anderson _,,_ SE. i SW. ~ sec. 15
____________________ t mile S. of Elwood

_

on creek.
Hans Christianson SE. 11 SE. t

.
RCC. SO

Remarks :
(I_ogs given in feet)

Feet Feet
82
2ti6

35

201 __________________ Yellow clay, 20; blue clay,
80; sand with some water,
1; blue clay, 80; sand nnd
watcr, ?O; rough nnrd
bluo clay without
&rit
(Maquoketa shale),
55;
ends in red gravel. Heads
156 feet below curb.
268 _~ _____________________ About .ame as above; ends
also in red gravel.
800 ________________________ About same as !.bove .
______
Gravel
__________
Flowing
well.
200

501 ________________________ Slope. Heads 40 feet below
curb. Diameter 8 Incbes;
depth to wate..· bed, 4Jl0
feet. Yellow till, 40; blue
till, 810; sand, 50; green·
ish gray rock, hard, 101.
Udden's record: Black soil,
4; yellow clay, 85; blue
clay, 136; river

'.

,John Wirth _____ Sec. 29 ______________
J. A. Anderson___ NW. ! SW. it sec. 14
J. A. Anderson __ SW. i sec. 14_______

806
125

____________________ SW. 11 SW. ! sec. 1

410

Sec. 4 ______________ _

i:==~~~~~~~~~~~~~ i:~: 2:: -:::.:=::::::

815

85

~nnd,

20;

bit," clftJ', 100: soapstone,
300 _________________ _ 100; blua shale, 100.
f>()

_________________ _

295 __________________ Yellow clay, 30; blue clay,
190; quicksand, 75; lime-

stone, 20.
13 _________________ Hill.
Drift, 18; limestone,
107; soapstone (shale) 290.
70 _______ ___________ Considerable lolue till.

20 _________________ _

90
GraveL _________ _
188 _____
45 _________________ _
68
J. A. Hiner ___ .__ ~.c. 26 _, __________ _ 156 ______ GraveL _________ Heads 73 feet below curb.
50 Limestone _______ Yellow clay, 20; blue clay,
H . G. Scott _____ SE. ; SE. i sec. 25__ 110
80; limestone, 60.

T. 83 N., R. 3 E.

(BloomfIeld) .
MIl- Delmar _________> __ _
Ohlcago,
waukee & St.
Paul Ry.
----___________________
do · _____________ _
------------------- SE.
---_________________ SW.

i
i

A. Fltch ____
Eckard ____ .
F. Rossiter __
McCloy ______

T. 83 N., R. 4 E.

102

SE. i sec. 21 ISO
SW. i sec. 23 . 107

J. Dennis _______ S. i NW.
E.
D.
R. ·
W.

90

1 sec.

3L_

170

NW. i sec. 82_____ 175
Sec. 10 ____________ _ 200
Sec. 11 ________ _ 200
Sec. 12 ------------. 184

lS6 ___ do _____ _

66 _________________ Ridge. Yellow clay, 15; l·lne
clay, 41; limestone, ~6 ..
126 Sand ___________ Yellow. clay, 25; blue clay.
97; sand with water, 4;
95 Limestone______ limestone, 4; wood, be·
tween 50 and 60 .
72 ____ do __________ Black Boll, 2; yellow clay,
40; blue clay, 30; IIm~·
stone, 98.
171 Qulcksand ______ Yellow clay, 27; qulcksan'l,
.
144; limestone, 4.
Sand _________ _
GraveL ________ Mainly blue till.
80 Llmestone____ __

.

(Waterford) .
___________________
Brown Station ____ .

llXl

109 __ ________________ Surface depOSits and soft
blue clay, 30; blue till, 52;
sand and gravel, 28; blue
till, 22; pebbles, drab ~i1t.
30; blue clay wltb pebbly
streaks, 81; 'cbocolnte colored clay, 6; Maquok~ta
sbale.
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Typical wells in Olinton OountY-Continued-

-

Niehaus ----ISec.

Water-bearing
Formation

Location

Owner

1 _____________ _ Feet

J. Powers _____ Sec. 8

M. Omara ------ Sec. 18 ------------ ~
-----_ ... _-- Scc. 8 --------------

J. Reifo

Anton Tur ----- Sec. 8 -------------

SE. iNE. :sec. 211
(Deep Oreek).
Otto Kreuse ___ NE. ~ SE. t sec. 14

T~-8i-N.-,--R:-5-E:

Feet
100 ______ Sand and gravel Near-by wells on higher
ground reach rock at 50
feet
60
Limestone
_______
Drift,
60; Niagaran dolo·
166
mite, 96; Maquoketa shale,
____ do _________ _ 10.
20
140
SO . ___ do __________ Drift, 30; limestone, 40; blue
190
mucky shale, 40; limestone, 80.
____
do
_________
Ycllow
clay, 6; limeston~,
160
6
154.
_____
do
_________
_
29
111
175

Thomas Farrell -. NW. i NE. i sec. 34 108
Ohurch -------- Bryant ___________ _ 128
------------------- SW. i SW. i sec. 1_ 200
-------------------- NE.

i SE. i see. 2s 166

------------------ SE.
-------------------- SW.
________________ SW.
Hicks ______ Sec.

! NE. i see. 24 ISO
i SE. i sec. 26 160
i SW. i see. 26 225
7 ______________

lOB

T. 83 N., R. 6 E.
(Part of Elk
River).
George Egger •.• - SE. i SW. i.sec. 85 212
J. Sullivan ____ NW. i sec. 31. ____ _ S99

F.

~aeve

_________ NW. i NE. i sec. 27

____________________ Teed's Grove, sec.1Q
J. F. Diercks ____ Sec. 88 ----________ _

T. 83 N., R. 7 E.
(Part of
Elk
River).
Shattock ____ W.
-

Remarks:
(Logs given in feet)

~

50 __________________ Plenty of water, though a
well 50 feet distant and
300 feet deep was not a
success, both striking rock
55 _________________ _ at the same depth.
70 Limestone_____ _
68 ____ do ________ Yellow clay, 30; blue clay,
.
88; limestone, 135.
GraveL ________ Yellow clay, 30; blue till.
116; gravel, 10.
125 Llmestone______ High ridge.
_____ Gravel __________ Ridge. Yellow clay, 20; blue
till, 135; gravel, 5.
125 Llmestone _____ Drift, 125; limestone, 100.
------ ----------------- Goose Lake Ohannel. AI·
luvial clay and sand.

212 Sand __________ _
142 Shale ___________ Drift, 142: limestone, 100;
shale, 157; 80 rods north
on same place a well found
limestone 180 feet thick 75
!rom surface.
97 _______________________ S feet
0 a pst 0 n e
(Maquoketa
shale)
at and
97 feet.
88
__________________
Alluvium
blue
till to
100
220
50 _________________ _ rock.

sec. 31 __. ____ _ 100 _____ _ Sand ___________ Terrace 60 feet above water
level in Mississippi river.
Stops In s'and under blue
mucky clay.

Frank Naeve _____ Andover, S.

sec. 22

200

T. 82 N., R. 6E.
(HamPRhIre;
P art of SprIng
Valley).
.
J. Lindmeyer ____ SE. l see. 14_______ _
Peter Ehlers ___ .._ NW. i NW. i sec. 28
Peter Swartz _ NE. i NW. i sec. 3
A. Olausmann ___ NW. i SE. i sec. 10
Olaus Knutson ___ SE. i NE. i sec. 18
James Hand ____ . N. ~ sec. 30 _______ _
George
Lange ____ Sec.
SW. 8i _____________
SE. i sec. 5_
____________________

118
100
150

~

48

170
150
]92

240

60

Shale ________ Surface deposits, 60; limestone, 30; shale, 110; water
heads near Gurface.

45
90
63
20

80
55

140
140

Limestone _____ _
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Typical wells in Olinton Oounty-Continued.

Owner

Water-bearing
Formation

Location

Remarks:
(Logs given in feet)

Feet Feet
50
B. Manning _____ Sec. 9 ___ ___________ 110
90
G. F. Cook __ ___ Sec. 12 _____________ 157

'r. 82 N., R. 7 E.

(Part of Spring

Vnll~y).

Eaglo

PoiI!~

Park Lyons

464

Marion Gates --__ Lyons _______ __ _____
Oakland Cemetery ____ do ______________

27G

T. 82 N., R. 5

E.I

(Center) .
James McDevitt - Sec.

200

3 _____ _________

84

William Wiese --.-- NE. ~ NE. ~ sec_ 11

82

-------------------- NW. 11 NW. I see.14

425

I

20 '
------------------

Loe~s,

SO~ _________________

Blut(. ;Ends on sh ale. I'
Loess and drift, 6o;
Ime·
stone, 116; sbale, 100.

UO

Sand veins in
sbale.

20; Niagaran dolomite, 140;
Maquoketa
sbale, 200; Galena dolo·
mite, 104; a weak well.

Sand ___________ Goose Lake d Ch an nel. All
sand. Hea, 1 t 00 t teo
low curb.
GraveL _________ Hillside, about 25 feet above
.
creek; flowed for several
years !rom gravel under
blue clay.
80
Valley. Drift, 80; llmestone,
------------------ 120; shale, 180; Galena dOl·
omlte, 95.

Hans Wiese ------ SW_ ~ SW. ~ "Sec_ 9
A. Steudem!l:nn -- SW. 1 SE. 1 sec. 15

13~

. Do; ---------c- SW. ~ sec. 14 __ " __ _
IV,lllam ·.Buech --- SE. i NE. 1 sec. 14

~~g --iso- ==:=_~~_========== gg?:~lll~~eg~~~f;i·

250

lOti

I,Itr.estonc __ c_~ _ Ends In Niagaran dolomite.
Saud _____ ___ ___ Goose Lake Channel. All
sand•

Gooso
Lake Channel.
170
130 ________ • _________
Center Grove
SW 1 SW 1
Creamery..
. •
. • sec. 2
1'own ~---,~~-~~--- Elvira ____________ _ 118 ______ Sand "' __._______ ~_ Alluvium, 6; yellow clay with
sandy streaks, 50; sandy
.
I
blue clay, 60; sand, S.
'T. 82 N., R·. 4 E . .
(Washington;
(Part of Dewitt).
clay, 40; blue clay
----~7~-------- ~---- NE. i sec. 6__ .... __ _
132 ----.---------.--- Yellow
nearly to rock: a lIttb!
sand on rock; blue quick·
sand 50 feet on rock.
Lowland.
51
SW. i NE . i sec. 17 87
WllIiam Burka __ E. ~ sec. 23 ________ _ 118
75 ~:::::::::::::===~ High ground.
66
E. Kelly '" _____ ~:c. 9 -----------64 ------------------ Hard blue till, 105.
J. McDermott ___ c. 10 ------------ ~i~ 125 ---------------- Hard blue till, 120
T Nallg"ton
Sec.
10 ----------.180
------------------ Clay; no rock. High land.
•
U
- - - - f;W.! NE. ; sec. 15
194
--- --------------- Yellow clay, 40; hard blue
-------------------- NW. 1 NW. 1 sec. 15 225 .-----.---- GraveL_________ till, 80; quicksand, 70;
coarse sand and gravel, 3;;.
Surrounding wells struck
~'. 82 N., R. S E.
rock at about 125.
(Welton;
Part
of Dewitt).
.
M. Duffy ---- ---- Sec.
160 ------ ------------------ cy:~el;71~n::e;oc:bl~:: ths:~
610 feet above sea level.
and yellow till, 25;
E. Parker ------ Sec. 4
160
158 ------------. ----- Loess
rather soft blue till wltb
sand streaks 75; blue till,
compact, 58.
William Betts --.- Sec. 6 _________ ____ _ 140 100 Llmestone_ _____
,
66 ____ do __________ Yellow c~ay, 86; blue clay,
P. H. Ryan ----- NE . .1 NE. 11 sec. 11 106
80; limestone, 40.
W. Rilly -----.--- NW. l sec. 16 _____ _ 130 100 ____ do ________~_ Yellow clay, 20; sand, 80;
limestone, 80.

iC'ih"iin;,;n-:====
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Typical wells in Clinton County-Continued.

Owner

Water·bearing
Formation

Location
.d

Remarks:
(Logs gi ven in feet)

Q.

'"

A

Feet Feet
L. A. Loofboro __ SE. 11 SE. i sec. 17_ 180
80 ____ do __________ Yellow clay, 30; blue clay,
50; limestone, 100.
Reedingcr ___ Old Welton ________ 227
227 GraveL _________ Yellow clay, 35; blue clay to
gravel on rock.
1'. 82 N., R. 2 E.
(Blrlin).
Mary Hassett ____ SW. i sec. 2________ 132 ______ do __________ Higll upland. Yellow clay,
30; blue clay, £8; gravel. 4.
A. Galloway _____ Sec. 8 ______________ 826
324 __________________ High upland; curb 840 feet
above sea level.
Blark
soil, 8; yellow clay, 80;
blue clay, 288; reQ clay, :<;
limestone, 2.
Dougherty Est'lte Sec. 4 ______________ 175
80 Limestone____ __ High upland. Yellow c!ay,
30; blue clay, 50; limestone,SOlI,
~5. ~.0,. blue clay, <
Patrick ' O.lnners__ S. ~ sec. 7__________ 162 160 Sand ____________ Sandy
--0',
sand, 120; limestone, 2.
H. · l'chocker ___ _._ SE. 11 sec. 8_________ 117 102 Limestone _____ _
M. J. Pinter _____ SE. i SE. 11 sec. 12 242
222 ____ do __________ Yellow clay, 82; blue clay,
190; limestone 20.
P. Peterson ______ SE. 11 sec. 13________ 210
205 - ___ do __________ Yellow clay with sand, 00;
blue clay, EO; Quicksand.
15; blue clay, 110; lime·
85 ____ do _________ _ stone, 5.
WiI!iarr. Ruck ____ NE. 11 sec. 23________ 130
WIlliam Retts -___ SE. i sec. 28________
70
30 ____ do __________ Sandy soil, 30; limestone, 4C.
Kohler Bros. ____ Center ot S. l! sec. 180 ______ GraveL _________ Sandy yellow clay, 82; blue
86.
clay, 40; sand, 10; blue
clay, 00; gravel, 2 .
•. M. Wolfe _____ SE. i sec. 86________
85
40 Limestone_____ _
T.
J.
J.

82 N., R. 1 E.
(Liberty).
Figl),
__________ Sec. 5 _____________ _
IOU
E. Wolfe ____ _ Sec. 14 ____________ _ 140
']'. Horstman ____ Sec. 27 ____________ _ 175

T. 81 N., R. 1 F,.
(SprJng Rock).
'11 . .P!llgel _______ SW. 11 sec. 4_________

180

City ot Wheatland ____________ Wheatland

171

K. Jergenson ---- NE. 11 NE. 11 sec. 25

229

Homr!ghauJcn SE. 11 NE. 11 sec. 28

287

(Olive).
O. Reming ______ Sec. 5 ______________

117

A. Tumpanl _____ S. i SE. 11 sec. 11___
O. F. Ludwlgson.. Sec. 20 _____________

55
230

Brnco Walker ____ Calamus ___________
T. 81 N., R. 8 E.
(Orange
and
part
of
Dewitt).
Town ot Grand
Mound -.-------IGrand Mound

187

L.

'1'.81 No. R. 2.E.

70 ____ do __________ Sand, 70; Jlmestone, 30.
110 __________________ Wapsipinicon bottoms. SantI,
110; limestone, 30.
.
155 ______________ ____ Wapsipinicon bottoms. Yellow clay, 35; blue clay, 120;
limestone, 20.
Sand ___________ Soil, I; sand, 120; hardpan,
9.

88

87

Llmestone______ Iowan plain. Alluvium, 5;
yellow claY,43; blue clay,
39; limestone, 84.
.
180 ____ do __________ Wapsipinicon bottoms. River
sand, 60; blue clay, 80;
black hard clay, 40; blue·
shale, 40; limestone, 9.
185 ____ do __________ Bluffs.
102 ____ do __________ Soil, 2; sand, 100; IImestono.
15.
48 __________________ Yellow clay, 48; llmestone, 7.
228 Sand ___________ Sand, 100; blue clay, 20;.
sand. 108; Jlmestone, 2.
120 __________________ Yellow clay, 20; blue clay.
100; Jlmestone, 17.

41

Llmestone ______ Soil and gravel, 41; limestone, 47.
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'l'ypical wells in Clinton County- Concluded.

Owner

Georg ~

Wate r-bearing
Formation

Location

Jordan ___ Grand Mound ______

T. 81 N., R . 4 E.

Remarks:
(Logs given in feet)

Feet Feet _________________ _
144
15 Limestone ______ Heads 80 feet below curb.
Diameter, 4 inches; depth
to water bed, 125 feet.

(Part of Dewitt).
130 __________________ High ridge .
Chllunccy
Hcr- 1 mile
of De 130
Witt.
ringtol1.
T ow n o! DeWitt De Witt ___________ _ 524
40 Llmestone______ Yields 50 gallons a minut.e.
Diameter , 10 inches.
No . 1.
Chicago & North l---- do -------------- 267 ___ _______ do __________ Soil and sand, 40; limestone ,
Western Ry.
7 ____ do _________ _ 220: shale, 7.
H. E. Vickery __ ISW, ; NE. ~ sec. 86
47

NW.

E'I

T.
80 N.,ofR. Eden
5
(Parts

and Oamanche.)

E. B. Wilkes ____ Folletts ___________ _
Maple G r 0 v e 2 miles W. of

School.
I Folletts.
C, Vall EPps _____
sec. 3________

INW. a

51
37 ____ do __________ Sand, 37; limestone, 14.
97 ______ Limestone at
172

bottom.
GraveL _________ Sand, 40; blue clay , 130;
gravel, 2;

IOWA COUNTY

BY O. E . MEINZER AND W. H. NORTON.

TOPOGRAPHY.

The surface of Iowa county is well dissected and contains
only isolated tracts of relatively le·vel upland. The largest
stream is. Iowa river, which meanders through a broad flood
plain.
GEOLOGY.

The bedrock oonsists of indurated limestones, sandstones,
and shales which belong to the Devonian and Carboniferous
systems and dip gently southwest. (See PI. XV.) Though
the main body of the Pennsylvanian series (Upper Carboniferous) is found farther south and west, ther'e is reason
to believe that thin outliers ,of this series occur in this county,
lying on an 'e rosion surface of the older formations. The unconsolidated deposits, which rest on the bedrock, range in thickness from a mere veneer to more than 300 feet, this difference
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being due not only to the relief of the present surface but also
to notable irregularities in the surface of the bedrock. There
is evidence of the existence of two distinct drift sheets, the Kansan and Nebraskan, separated by the Aftonian grave1. 1
Throughout most of the county the drift is concealed beneath
loess, but in the principal valleys alluvial deposits are at the
surface.
UNDERGROUND WATER.

SOURCES.

Alluvial sand or gravel furnishes gener,ous and permanent
dupplies of wate'r wherever it occurs, but elsewhere most of th~
water comes from the drift or associated porous materials.
Many of the older wells were dug or bored a .short distance into
the drift and these furnish only a scanty and precarious supply,
but at present many drilled wells range in depth frtOm '50 to
more than 300 feet, ending in layers of sand and gravel interbedded with bowlder clay or lying immediately below the drift.
Most of these latter weUs are two inches in diameter and are
finished with screens that become incrusted after a few years
of service.
On account of the irregularities of the rock surface great differences are found in the occurrence and water-bearing capacity
of the drift aquifers and in some localities the drill ,e nters rock
before it encounters a satisfactory source of water. The sandstones and some of the limestone strata will yield water, but the
shales and argillaceous or massive limestones are ()f little value
as aquifers. Many successful rock wells of only moderate ,
depths have been drilled, but in some places the indurated formations have been penetrated for several hundred feet without
finding water. Where the drift is underlain by shale it is advisable to finish wells in the drift whenever possible, but in 10C'alities in which a good water-bearing sandstone or limestone
lies within a few hundred .feet of the surface it may be more
satisfactory to case ' out the fine sand deposits that will give
trouble by clogging the screens and to end the well in rock.
The water from the alluvium and up'per part of the drift is
'Ann. Rept. Iowa G'eol. Survey, vol. 9, p. 523 et seq., vol. 20, p. 172 et seq.
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only moderately hard; that from the deeper beds ·of sand differs
greatly in mine-ralization, some being harder than that of the
shallow water and some too hard and corrosive for either
Clomestic or boiler use. The water from the r.ock formations is
generally rich in dissolved solids.
At Marengo three or four flowing wens end at depths of
several hundred feet in what is supposed to be Devonian limestone. Farther up the valley of Iowa river and also in tho
valle·y s of Honey creek and Bear creek many flowing wells obtain water in the Aftonian gravel and a few are supplied from
rock strata. These flows belong to the famous Belle Plaine
artesian basin (pp. 426).
CITY AND VILLAGE SUPPLIES.

A'inana.......,--At Amana (population, 621), which is located in
the wide valley of Iowa river, there is a 1,640-noot artesian well
and also a well about 475 feet deep which passes through shale
and ends in what is supposed to be Niagaran dolomite.
The deeper well is 6 inches in diameter. The curb is 730 feet
above sea level. The original head was 30 feet above the curb
and the head in 1908, 20 feet above the curb. The original flow
was 200 gallons a minute; in 1896 the flow was 100 gallons and
in 1908 it was 50 gallons. The temperature of the water is 68°
F. This well is located in the SW. 1,4 NW. 1,4 sec.·36, T. 81 N., R.
9 W. From the start in 1881 to the finish in 1883, it was drilled
wholly by the labor and skill of the Amana S.ociety. Originally it
was cased to a depth of 400 feet with 6-inch pipe which "withstood
the corrosive action of the water about four years, when a 4-inch
pipe of equal length was inse·r ted and made tight at the bottom
with secure packing.
Water began to flow at a depth of about 400 feet, 330 feet
above Sea level, about the horizon of the Independence shale
member of the Wapsipinicon limestone. Like the fl·ow from this
horizon at Davenport; the yield was very small, not over 8 gallons a minute. A slight increase, raising the discharge to 16
gallons a minute, said to be from the Maquoketa shale, was the
()nly addition met with .until the Saint p.eter, 80 feet thick, was
reached at a depth of 1,020 f€et, when the discharge rose to 30
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gallons. At about 1,200 feet (440 feet below sea level), in
the Jordan sandstone, a rapid increase began and the full flow
was reached at 1,640 feet. 'T he water is used only for scouring
in the woolen mill of the Society.
R eCord of stratta in Amana well.

I. ~rhickness \

Depth

Feet

Feet

Pleistocene deposits ___________________________________________________________ _
Shale (Carboniferous and Devonian) ___________ __ ____________ ________________ _
I,imestone (Niagaran) _________________________________________ __ __ ____________ _
Shale (Maquoketa) ______________________________ _______________________________ _
Limestone (Galena and Platteville) ___________________________________________ _
Sandstone (Saint Peter) _______________________________________________________ _
Limestone (Prairie du Chien) _____________________ ____________________________ _

50
300
200
220
250
80
540

50
350
550
770
1,020
1,100
1,640

In the shallower well at Amana the water at first ro se 7 feet
above the valley surface .but now stands 6 or 8 feet below the
surface. It has been pumped at the rate of 29 galLons a minute.
Wate'r diverted from the river and led through a canal to
this settlement for use in power plants is used in the factory
boilers and also supplies the small gravity system of waterworks. As it is softer than the underground water, it is gene·rally employed for washing, but water from shallow wells is used
for drinking and for culinary purposes.
East Amana.-At East Amana a 475-foot well is supposed to
end in Niagaran dolomite. It is located ' on somewhat higher
ground than the wells at Amana and hence does not overflow.
A similar well was drilled at West Amana. At South Amana
the waterworks are .supplied from a drilled well 600 feet deep,
and at Middle Am~na from a shallow dug well; at High Amana a
spring is largely relied upon.

Homestead.-At Homestead the society has a well 2,224 feet
deep which is located on higher ground and hence does not overflow, although it yields well when pumped. (See_ PI. XV.)
It supplies a small gravity system of waterworks similar
to the one at Amana.
This well, which was drilled by J. P. Miller & Company, of
Chicago, is 10 inches in diameter to 340 feet, 7 5-8 inches to 750
31

.
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feet, 6 inches tv 1,560 feet, 5 inches to 2,023 feet, 4 inches to
2,224 feet. The curb is 868 feet above sea level. The water
originally stood 117 feet below curb, and the present head is 87
feet below curb. Water was found at 600 feet in the Niagaran,
rising to 150 feet below the curb, and at 1,700 feet in the Jordan,
rising to 117 feet below curb. Date of completion, 1895. Casing was carried from the top to 340 feet, from 335 to 525 feet,
.and from 750 to 1,000 feet. No packing was used. The present yield of this well is 80 gallons a minute.
. The strata penetrated are indicated by the following log and
record:
Driller's log (geologic correlation added) ot Amana Society wen at Homestead.

I

Thickness

Pleistocene, Oarbonlferous and Devonian (505 feet thiCk, top 868 feet above
sea
leve!):
Olay
__________________ ____________________________ ________ --__________ _
co . . . ., 1"

. __ _

. __ ___ _ ... _______ __ _________ ____ __ ______________ _

Silurian (Niagaran dolomite, 245 feet thick; top, 868 feet above sea level):

Feet

I

Depth
Feet

800
205

300
505

245

750

250

1,000

800

1,800

100

1,400

870

1,770

100

1,870

230

2,100

124

2,224

Ord(\vi(l i~n'
~

.

J

u

u

)

:

.

MaQuoketa____________________________________________________
sbale (250 feet thick; 118 feet above sea level)-__ --_________ _
Galena and PlatteVille limestone (300 feet thick; top, 132 feet below sea
level)Limestone ________________________• _____________________________ ---Saint
Peter sandstone
(100 feet thiCk; top, 432 feet below sea -----level)Sandstone
______________________________________________________
Prairie
du limestone
Ohlen stage
(370 feet thick; top, 532 feet below sea leveI)- _
Sandy
_____________________________________________
Oambrlan:
Jordan
sandstone
(100 feet thick; top, 902 feet below sea level)Sandstone
__________________________________________________
_
Saint Lawrence formation (230 feet thiCk; top, 1,002 feet below sea
level)Limestone __________________________________________________ _
Dresbach sandstone and earlier Oambrlan strata (124 feet penetrated;
top,
1,282 feet(penetrated)
below sea leveI)Sandstone
____ _________________________________ _
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Record of strata in weH at Hornes'tead.

Depth in ft.
Shale, greenish yellow; many siliceous pebbles ____________________________: _____ _ 275
Shale, yellow; numerous small brick-red ocher nodules; ferruginous, arenaceous; practically noncalcareous __________________________________________________ _ 285
Shale, light greenish gray, fissile, slightly calcareous; some red ocherous
475
nodules and a few fragments of limestone, chert, quartz, and dark shales
Limestone and shale, light blue-gray; chips of light gray compact limestone
of
earthy.
luster
and
highly
argillaceous;
in
highly
calcareous
concreted powder ______________________________________________________ -----____________ _
500
Dolomite, blue- gray, vesicular; in small chips _____________________________________ _ 600
Dolomite; in white powder ______________________________________________________ --------750
Sh al e, gre e n ish _____ -_________ -- ------_________ --- ---------- -- -- -- -- -- ---- -- ---------- ----- --805
Sand and gravel, superficial and recent _____________________________________________ _ 970
Limestone, drab; in thin flakes; earthy, fossiliferous _____________________________ _ 1,010
Shal e ______ -- -__ ____ -_________ ------- ---- ---- -- -- - --- -- -- -- -- -- ---- ------- --- -- ------------ --- 1,030

~~~~e~to~a~ca£~~,u;.ii-ii:-e-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Sandstone: calciferous; chiefly quartz sand with considerable dolomite
and chert ______________________________________________________ ----------------------------Sand stone, cream-yellow; coarser than at 1.345 feet; grains mostly rounded
Sandstone; very fine, white angular quartz sand; considerable dolomite
an d ch ert ________________________ -- ------- --- ------ ------- ----- ----- -- --------- ----------Sandstone; in white powder of microscopic quartz _________________________________ _
Dol om! te gray _______________ --------- ---------- ---- ----- ------- -------------------------___ _
Sandstone,
calciferous; argillaceous and calcareous__ ________
"from_
2,100 to 2,red,
200" highly
________ __________________________________________________________

1,250

1,345

1,475
1,800
1,825
1,850
2,025

2,200

The wells at Homestead and Amana are less than four miles
apart, but their records are gravely inconsistent. The summit
of the Maquoketa in one is at 180 feet above sea level and in
the other at 118 feet above sea level; the summit of the first
sandstone in one is 290 feet below sea level and in the other is
432 feet below sea level. The record of the Homestead well,
inexact at it may be, is used in the geologic section from Davenport to Des Moines.
".:

Mal1"engo.-The public supply of Marengo (population, 1,786)
is de-rived from a well located in the valley and sunk through
sand and clay into a bed of gravel lying at a' depth of 35 feet.
The well is 18 feet in diameter and is cased with brick. Water
stands 2 to 12 feet below the surface, according to the season,
and it is reported that when this level is lowered 6 feet by
pumping water flows into the well at the rate of 350 gallons per
minute. The analysis (p. 183) indicates that the water is
only moderately hard and is relatively good for boiler use.
Before the pr·e·s ent well was dug, a system of driven sand points
was used but was not satisfactory because of the clogging of
the strainers.
The water is lifted into a tank elevated upon a tower and is
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thence distributed by gravity through a system of mains. It
is used by about half of the people and by the Chicago, Rock
Island & Pacific Railway, approximately 65,000 gallons being
consumed in an average day.
Forecasts for an artesian well at Marengo have special interest because of the difficulty usually experienced in getting
good water from the shale of the Kinderhook (Mississippian),
which forms the country rock in the vicinity.
After penetrating this shale the drill will enter the Devonian
rocks, which also may be expeded to contain considerable shale.
Below these lie the Silurian dolomites (Niagaran), which probably contain some water under a head high but ,not sufficient to
reach the curb. The Silurian here may include, the Salina (~)
formation which contains some gypsum or anhydrite, either
disseminated or in layers or lenses, and the water from this
formation may be rather highly sulphated. The dry Maquoketa shale should be next reached at a depth of about 638 feet
(about 100 feet above sea level) and may be 250 feet thick. The
next formations in descending order, the Galena limestone,
Decorah shale, and Platteville limestone, will yield some water,
which may contain sulphureted hydrogen. The Saint Peter
sandstone lies about 450 feet below sea level (about 1,200 feet
from the surface). Drilling should not be stopped at the Saint
Peter, however, but should be carried a few hundred feet
deeper, through the Prairie du Chien stage-creviced dolomites
with sandy layers--;-and through the water-bearing Jordan
sandstone.
The water from the J ,o rdan may be expected to flow with a
pressure of about 10 pounds. The well should not be sunk
deeper than 1,800 feet except under the advice of a competent
geologist who has examined a full set of drillings from the
well and to whom all the facts as to the water found have been
submitted. .
The quality of the water will depend in part on how effectively
the upper 'waters-those of the Kinderhook and possibly the
Silurian-have been cased out. Analyses should be made of all
flows so that deleterious waters may be shut off and good

•
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waters with high heads admitted. With due precautions a fair '
drinking water should be ,obtained.

Victor.-Victor (population, 640), situated on the banks of ,
Big creek, has a system of waterworks that is supplied from an
open shallow well.

Williarmsburg.-The iwaterworks at Williamsburg (population, 1,060) are supplied from two wells at separate pumping
stations-one in the valley of 0ld Man creek and the other
recently drilled, on somewhat higher ground. The old well is
eight inches in diameter and 110 feet deep, .and ends with
a 20-foot screen in a bed of sand below blue clay, the water rising within about 45 feet of the surface. 'T he new well is also
eight inches in diameter a'n d ends with a long screen in what
is apparently the same bed of sand. Starting from higher
ground, it goes to a total depth of 145 feet with the water remaining at about 85 feet below the surface. With the cylinder
at a depth of 128 feet, the well is reported to have been tested
at 200 gallons a minute and is usually pumped at about 100
gallons. The water, as shown by analysis (p. 183), is only mod~
erately mineralized. The water is stored in two compression
chambers on relatively high ground and the pressure is supplied in piut by gravity and in part by compressed 'air. The
mains have a total length of about two miles and there are 24
fire hydrants and approximately 175 points at which the water
is used. A large portion of the inhabitants are supplied and
an average of 20,000 gallons are consumed daily.
The railway supply is obtained from a well which is similar
to the two village wells and which has been tested at 250 gallons a minute.
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JACKSON COUNTY.

BY W. H. NORTON.

TOPOGRAPHY.

The larger part of the upland of Jackson county has been
carved by running water to "!.J.~gh complex ridges whose rounded
~rests and gently sloping flanks descend to' deep and in many
places rock-walled valleys. The topography is. that of the driftless area. The earlier invasions of the glacial ice probably covered nearly the entire county, the northeast corne'r alone being excepted; but the thinner deposits of the earlier ice sheets
only slightly modified the preexisting relief, and the thicker
ones were afterwards sculptured to much the same form. The
thorough dissection of the area is due not only to the length
of time in which it has been exposed to weather and running
water, but also to its differences in ele'v ation. In the northeast
part of the county the surface stands nearly 1,200 feet above
sea level, whereas Sabula, in the southe'a st corner, is but 603
feet above the sea.
The lower and more level lands include a small area in But' ler township referred to the Iowan drift and one of the same general characteristics extending from Monmouth to Maquoketa
and thence into Clinton county, together with the f.orested or
grassy flood plains of the Mississippi and the wide valley floors
developed in the weak Maquoketa shale by the broad ancient
temporary channel of the Mississippi from Green Island to
Spragueville and thence south to the county line.
GEOLOGY.,

The drift commonly exposed to view is the Kansan, a stony
clay, reddish where weathered but blue-gray originally, and
where unaffected by weathering. Over all the uplands of the
area, except in a small tract in Butler township allotted to the
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. Iowan drift, is spread the loess, a yellow dust or silt reaching a
maximum thickness of 25 or 30 feet.
The f.ormations immediately underlying the drift in Jackson
county comprise the Niagaran dolomite, the Maquoketa shale,
and the Galena dolomite. (See PIs. IX, X.)
.
The Niagaran is a hard do].omite, which, ,e,x cept on some small
areas underlain by the Maquoketa, fo.rms the bedrock on which
the surface materials, are spread over all the uplands of the
county.
The Maquoketa comprises a blue plastic shale, 150 feet thick,
reached by the drill in different portions of the county and at
once recognized by its clayey nature and by the fact that it
immediately underlies the limestone which forms the country
rock of the uplands and is the first shale to be reached by the
drill. The Maquoketa forms the bedrock I0f the valleys of the
cr,eeks tributary to the Mississippi and of an area of several
square miles about Preston.
.
The Galena, a hard dolomitic limestone, cut by the drill into
sharp glistening yellow sand, is exposed at Bellevue near water lev,el in the Mississippi (its southernmost outcr.op) and
forms conspicuous bluffs in the northeast townships of the
county.
UNDERGROUND WATER.
SOURCES.

The available water beds of Jackson county are chiefly in
the indurated rocks. Drift deposits, such as those at the base
of the 10,e,ss, and the gravels interbedded with stony clay or
ovedying rock, have generally been left dry, or at least inadequate for stock wells, by the gradual lowering of the ground
water. In localities wher,e thirty years ago water for domestic
purposes could be obtained by wells 100 feet deep it is now
necessary to drill to 150 and 175 feet.
The sands of the wide flood plain of the Mississippi between
Bellevue and Sabula, the smaller flood plain areas along the
Maquoketa, and an area a mile wide which extends from Green
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Island to Sprague-ville, are saturated nearly to the surface and
yield water to driven wells. The ancient terraces of alluvium
along Mississippi river also afford water at moderate depths.
Over the larger part .of the county wens are compelled to
enter rock to find permanent ground w·a ter adequate for farm
or village supply. The chief water horizon is the Niagaran .
. This dolomite, in changing from its original form of a nonmagnesian li,rne-stone, became vesicular and porous, 80 that water seeps slowly through it, especially in certain layers. Moreover, percolating water has dissolved out passageways in the
soluble rock, thus securing an active circulation. Furthermore,
the Niagaran is underlain by an impervious shale bed, the Maquoketa, which by arresting the descent of gr.ound water tends
to keep the-lower portions of the limestone saturated. For this
reason water is often found some distance above the summit
of the shale. It occurs in por-ous granular beds cut by the drill
to ,sharp shining fragments the size of sand, thus giving the
false impression that the drill is working in sandstone. The
layers of limestone interbedded with thin layers of chert or flint
which occur near the base of the Niagaran are generally water
bearing. Abundant supplie-s may be obtained when the drill
happens to strike a crevice or -o ther opened passageway of
ground water.
DISTRIBUTION.

Two areas in which water occurs in the drift are of special
interest inasmuch as they mark riv-e r channels long since abandoned by the streams which formed them.
Goose Lake Channel, carved and in part filled by the diverted
Mississippi, crosses the southwestern part of Van Buren township, passing thence into Clinton county. A well in the southwest quarter of section 32 of Van Buren township, probably
representative of much of the area, has the following log: .
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Log of well in Van Buren Township.

1TbJckness I, Depth
Feet

Feet

SOil, black ___________ ______________________________ ___________________'_ . __
Clay, blue,_____________
bard, and _________________________________________________________
gritty; old forest bed at 30 feet _______________________ __
Quicksand
Gravel ________________________________________________________________________ _

10
,10
80
90

10

30

40
10

A well in Preston, on the same lowland, shows the following
sequence:
Log of w ell at Preston.

I

Tblcknes. J Depth

Soil, dark _____________________________________________________________________ _
Soft yellow "stuff" _________________________________________________________ _
Clay, blue,
gritty; 5-foot
streak
yellow "stuff" ________________________
______________
__ _______
_____of
________________________
____________ _____ __
Gravel

Fe~t

l: tt&

10
15
90
10

10
25
115
125

On the other hand, a well sunk by the town of Preston to a
depth of 140 feet on the same ancient channel is reported to
have been entirely in sand and gravel. A well at the stockyards
at Preston ,ends in sand and gravel at 128 feet..
A second ancient channel forms a plain one to two mile wide,
utilized by the tracks of the Chicago & N orth Western Railway
from Monmouth to Maquoketa, and extending southward from
t.he latter city. T,o' the we's t it ends abruptly a short distance
from Monmouth, where Bear creek descends to it through a
rock-walled gorge. An investigation of the wells of the vicinity
has not disclosed any westward e'x tension of the buried channel into Jones county. At Monmouth, on the south side of the
town, wells reach rock within about 70 feet of the surface (670
feet above sea level) and find their supply in the upper eight or
ten feet of porous and water-logged limestone, the head being
sufficient to bring the water within tfm feet of the surface. But
on the narth side of town few wells exceed fifty feet in depth
and they r'each rock from two to twenty-five feet from the surface.
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On · the plain between Monmouth and Baldwin some wells
about sixty feet deep end in gravel, and the rock floor is found
at forty feet fI'lom the surface. At Baldwin the rock floor is
about 650 feet above sea level, wells near the Chicago & North
Western Railway station entering it at ninety feet. In the NW.
14 sec. 25, Monmouth township, a well is reported as 225 feet
deep, rea.ching rock at 200 feet, but one-fourth mile farther
west rock outcr.ops seventy-five feet higher than the well curb.
In section 29, South Fork township, a well 240 feet deep ends
in gravel, the drill having passed through blue clay and quicksand; the rock floor here lies below 520 feet above sea level. On
the section south of that just mentioned the preglacial v.alley is
partly covered with heavy drift cut into· hills. rising to more
than 100 feet above the plain. Here wells go more than 200
feet-one goes ,to 240 feet-without entering rock, the rock floor
of the ancient valley being here below 580 feet above sea. Water
is obtained in gravels overlain by quicksand forty feet thick,
the whole being buried beneath 200 feet of till. In sections 33
and 35 wells on this plain 90 and 120 feet in depth end in
gravel, the rock floor here not rising above 610 feet above sea.
In the southeastern part of the township the rock beneath the
plain lies much nearer the surface; wells are known to reach
it at twenty and forty feet, finding water in the underlying lime·
stone within eighty fee,t of the surface.
At Maquoketa, on the eastern border of this plain, the depth
to water and the ,elevation of the rock surface are both variable.
Rock outcrops. near the station of the Chicago & North Western
Railway and comes within six feet of the surface at the station of the Chicago, Milwaukee & St. Paul Railway. Six rods
west of the last-named station, however, the drill finds rock
more than eighty feet below the plain, and southwest ,of the
station does not reach it for nearly- 100 feet. In the southwestern part of the town there are wells. 140 feet deep which
fail to reach rock, whose surface must her-e lie below 600 feet
above sea. The succession of deposits here is as follows.:
Section at Maquoketa.
Tl1ickness in ft.

§ffit,:f}r' ~h~:r~?~~~~~~=============================================================== l~
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The quicksand, which is found in many wells in town, is water bearing, but as it is too fine to afford footing for the casing
the wells are continued to gravel or to rock and the sand cased
(JUt. How sharp are the descents to this narrow buried valley
may be seen from the fact that rock is flound at forty feet on
the next street west from the one on which wells go 140 feet
without finding rock. On the hill east of the high school a well
eighty-four feet de(lp penetrated blue clay nearly to the bottom
of the well without entering rock, but within one block rock
was found fifty feet below the surface and water in the
Niagaran dolomite 120 feet below.
The depth of wells in the Niagaran varies greatly. Wells
located in ancient rock-cut valleys ,obviously need to go a' shorter
distance to reach the base of the Niagaran than wells on the
summits or sides of hills. The height of the hills is in many
places accentuated by deposits of drift and loess, and the' depth
of wells therefore depends in part on the thickness o()f these
surface clays. , With the dip of the strata to the southwest the
Niagaran thickens and may reach 250 feet or more in Monmouth township. It thins to the north and east, and in 'T ete
de Mort township overlooks the valleys in steep cliffs forty to
sixty feet in height. An up fold of the strata which extends
from Sabula northwest for twenty miles, together with subsequent denudation, has thinned the Niagaran and brought the
Maquoketa shale nearer to the surface over a considerable
area in the southeastern part of the county, thus reducing-the
depth of ordinary wells. In southern Van Buren and Fairfield
townships the Niagaran has been widely removed by erosion
and the Maquoketa forms the country rock. Fortunately the
deep valleys excavated in the weak shales in preglacial time have
been deeply filled with drift in which water is usually found so
that it is not necessary for wells to enter the dry shales. In
general, wells supplied from the Niagaran horizons range in
depth from less than 100 feet tOI 230 or 260 feet.
The Maquoketa almost ev,e'r ywhere consists of dry shales,
~nd where water is not found above it the driller 'm ust choose
between abandoning the drill hole for one in anothei' location
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or continuing the drilling with the definite expectation of having to pass through the entire body of shale before finding water at a greater or less depth .i n the Galena dolomite. Inasmuch
as the limestones of the Middle Maquoketa found in counties
lying farther north are absent in J acks,on county, there need
be no expectation of finding water before reaching the base of
the Maquoketa.
As examples of the depths needed to. get water if it is not
found above the Maquoketa shale three wells situated not far
west of the Niagaran escliLrpment near Sabula may be cited. 'One
of these (section 24, Union township) gives the following section:
Section of w ell in Union Township.

Formation

IThickness I

Depth

Feet

Feet

Drl ft ________________________ .. _______________ ____ .__.. _________________________ .
Niagaran dolomite ___________________________________________________________ _
Maquoketa sbale __________________________ ___________________________________ ___
Gnlena dolomite _______ _____________________________________________.. __________ _

154

40
194

120
80

844

(()

S14

Another well, on the farm of L . P. Hunderad, in section 35,
Iowa township, is reported as 450 feet in depth; and a third
well, in section 34, same township, is said to reach a depth of
more than 500 feet, the Maquoketa shale being entered at 150
f€et.
In the valleys of Tete de Mmt~Spruce and- Mill creeks, excavated in the Maquoketa shale, wells find water in the Galena
dolomite within moderate distances from the surface.
SPRINGS.

Large springs are numerous along the bluffs bordering the
Mississippi and the sides of the valleys of its tributaries at the
summit of the Maquoketa shale. Transitional upper impure
limestones of the Maquoketa, twenty to thirty feet thick, and
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the massive Niagaran dolomite serve as a reservoir whose floor
is the impervious shale beneath. As examples may be mentioned the springs of George Egan (SE. % SE. 1,4 sec. 15, T. 86
N., R. 4 E.), of Nicholas Leg (SW. 1,4 SW. 1,4 sec. 16), of
Peter Schreiner and of J ,ohn Wagner (NW. 1,4 NW. % sec.
29), all on Little Mill creek west of Bellevue. Some of these
springs flow a rippling stream of crystalline clear water two
feet wide and three or four inches deep. They emerge from
talus slopes at the base of the bluffs, about thirty feet below
the massive ledges of Niagaran doLomite or from near the ba.se
of the yellowish, thin-layered beds which form the transition
between the Niagaran and the Maquoketa. The August temperature of these springs is qO° F. As the valley floor rises
above the base of the Niagaran up valley the series 'of springs
comes to an end, the last one noted being that <Of Peter Wagner
(NW. % NE. % sec. 29, T. 86 N., R. 4 E.). The same description applies to the large springs on Mill creek up Paradise Valley, the largest being on the farm of L. R. Potter (NW. % SW.
~4 sec. 10) and that of Anton Earnst (SW. 1,4 SW. 1,4 sec. 6).
The springs issuing along the upper reaches of Tete de Mort
creek in secs. 4, 9 and 16, T. 87 N., R. 3 E., have given name to
the civil township ·of Prairie Spring. They emerge low down
along the bluffs somewhat above the summit of the . Maquoketa
shale.
In eastern Jackson township in all the valleys which transect the summit of the Maquoketa shale, springs almost universally take the place of wells. Each farm has its spring house
for dairy purposes, and the supply is usually ample for all
uses of home and farm.
CITY AND VILLAGE SUPPLIES.

Bellevue.-Bellevue (population, 1,776) draws its town supply
from a shallow well located near the brink of Mississippi river.
The fire supply is taken directly from the river. A reservoir
furnishes gravity pressure of 100 pounds. Two double stroke
Smedley steam pumps have a combined capacity of 1,000,000
gallons per 24 hours. There are 24 double hydrants and 31j~
miles of mains.
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Green Island.-At Green Island (population, 128) water is
obtained from drilled wells, thirty to seventy-five feet deep,
entering rock at thirty feet, and from small springs.
The Chicago, Milwaukee & St. Paul Railway Co. has a well
823 feet deep, eight to four and three-quarters inches in dia.meter, cased with eight-inch pipe to 140 feet, and with six-inch
pipe put down in 1906 (four years after the well was completed)
to 180 feet fr,om the curb and packed with rubber. The curb
is 601 feet above sea level, and the head is 64.5 feet above the
curb. Water was obtained from sixty feet and from 504 to 564
feet. The strata penetrated are indicated by the following
table:
Record of strata of railway well at (keen Islkmd (PZ. X).
[Based on drilJers 10g.J

IThickness I Depth
Ordovician:
Maquoketa
shaleand
(140 feet thick; top, 601 feet above sea level)Clay, blue,
shale ________________________________ ____ ____________ _
Galena dolomite to Platteville limestone (335 feet thick; top, 461 feet
above
Lime sea
rocklevel)____________________________________ __ _________ _____________ _
Rock, gray __________________________________________________________ _
Saint
Peter
sandstone
(106 feet thick; top, 126 feet above sea level)-_
Sand
rock
____________________________________________________________
S<hale __________________________________________ _____________________ _
S and rock _____________________________________________________________ _
(242 feet penetrated; top, 20 feet above sea level)_
Prairie
du Obien
gray stage
____________________________________________________________
Rock,
Shale ___________________________________________________________________ _
Sand rock __________________________________________________ ___ --_____ _
Shale ________________________________________________________________ _
Rock, gritty, hard __________________________________ 1. ________ ____ __ _
Shale, blue ____________________________________________________________ _
Rock, gray _____________________________ ____ ___________________________ _
_________________
-- ________
------ -- _______________________________
---- --- -- -- -- -- -- ---- ----- -- -- ---. Shale
Sand rock
_____________
__------------ Rock, tlinty ________________________________________________ ..____ ------I:)b
ale and
_____ gravel
-- ------------------- ---------- ---- -- ------------------------Sand
________________________________________
______________ _
~

~

Shale ___________________ ------ -- ---- -- ------ -- ------ --- -- ----- ---- -- --Limestone, sbaly _____ _____________________ .--------------_____________ _

Feet

Feet

140

140

310
25

450
475

25
4

500

17

581

25
2
28
5

20
5
45
5
25
20
4
11
5
42

504
606
608

636
641

661
666
711

716
741
761
765
776
781
823

La Matte.-The waterworks at La Motte (population, 288),
used chiefly for fire protection, comprise a well, a standpipe,
mains extending for five blocks, and five hydrants. Drilled
wells, in depth from 75 to 100 feet, with some as deep as 190
feet, entering rock at about forty feet, furnish 'the domestic
supply.
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Maquoketa.---":Maquoketa (population, 3,570) takes its water
from a well and from Maquoketa river. The water is pumped
to a standpipe and is distributed under a domestic pressure of
seventy pound,s and a fire pressure of 125 pounds. There are
thirteen miles of mains and 102 fire hydrants. Drilled wells
100 to 160 feet deep are largely used for domestic supply.
The possibility of obtaining water from deep wells at Maquoketa is indicated by the record of a prospect hole for oil
put down by the Texas Drilling Company ·in 1907 to a depth
of 1,716 feet in the SW. 14 sec. 11, T. 82 N., R. 3 E. (See PIs.
IX, X.) The mouth of the hole is about 760 feet above sea
level; ten-inch casing was carried to a depth of 277 feet, and
eight and one-fourth-inch casing to 1,103 feet. Water was
struck in the Niagaran dolomite at a depth of 155 to 215 feet,
heading 85 fe·et below curb; at 215 feet, in the base of the
Niagaran; at 486 to 695 feet, in the Galena dolomite; at 1,110
to 1,190 feet, in the Jordan sandstone; at 1,338 to 1,596 feet, and
at 1,695 and 1,716 feet, in the Dl"e's bach and underlying sandstones. At 1,716 feet the water overflowed while the drill was in
the well.
; I.
.
l.j.
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RecOrd

at

strata in prospect hole at Maquoketa.

I
Residual
and recent (6 feet
thick):
Soil _________________
__________
'________________________ ______________________ _
Olay, hard, yellow ________________________________________________________ _
, Silurian:
Niagaran dolomite (209 feet thick; top, 754 feet above sea level)-

OrdovicfaO~~mite ------------~ ------------------ ------------------------------Maquoketa shale (225 feet thick; top, 1»5 feet above sea level)"Sand and shale in seam second water" _____________________ ______ _
Shale, light hlue; and limestone blue-gray, hard, close textured;

S~~l~~t
br~eer:~:~~~_c:
__===================================================
chocolate
fissile; ______________________________________
rather hard; pctroliferous, burn-_
strong brown,
flame _________
mg wIth
S~ale,

Galena dolomite (255 feet thick; top, 320 feet above sea level)Dolomite,
porous,
subcrystalline,
gray; in log called "hard white_
shale" _____
______ ____________
________________________________________
Dolomite,
light buff, crystalline; in lc>g, "mixed__________________
lime and shale_
.bard" __________________________________________
~

Dolomite, light buff, cherty; in angular sand _____________ __________ _
Decorah shale (15 feet thick; top, 65 feet above sea level)Sha'1, bright green, fissile, fossiliferous; with dark gray, fossiliferous, nonmagnesian pyritiferous limestone; log-"slate and
sh ale"

________________________________________________________________ _

Platteville limestone (46 feet thick; top, 60 feet above sea level)Limestone, gray, earthy, compact, nonmagnesian ________________ ___
Liniestone, brown, nonmagnesian, bard; in flaky chips __________ ___ _
Limestone, light gray, soft, earthy________________ __________________ _
Shale, blue, plastic, with some chips Of brown limestone; in log
"slate soft, blue" (Glenwood shale of Iowa State Survey) ________ _
Saint Peter sandstone (59 feet thick; top 4J feet above sea level)Sandstone, clean, white; grains well rounded, moderately coarse,
many having diameter of 1 millimeter or more ______ _____________ _
Oontinentnl deposits of time intervai between Shakopee aud Salll i
Peter (?) (241 feet thick; top, 55 feet below sea level)Sandstone, fine, brick-red; considerahle red argillaceous or ferriC ad,
mixture; when washed in hot water, drillings remain pink owing
to films of ferric oxide on grains of quartz sand; grains rounded,
many broken, said. by driller to contain seams of red shale; in log l
'Ired sandstone" ------------------------------------------------------

Oneota dolomite (54 feet thick; top, 21)6 feet below sea level)Dolomite, light yellow-gray; with much dark red and dark brown
hard fine-grained shale, some light green shale, a tine yellow
quartz sand, a fragment of red tine-grained s8nd~tone set with
pieces of green shale; all except dolomite probably foreign, at

Thickness

Depth

Feet

Feet

Ii
4~

209

215
. 2151

63~

279

161

430

10

440

46

486

79
130

565
695

15

710

5
7
28

715
722

6

756

69

815

241

1,056

54
1056 _______________ - ___ -_ -- -----___ -- - ---- ---- - - -- ------ -- -- ------ -----"Shale, soft gray;" of log; sample supposed to represent this
stratum consists of sand grains of Saint Peter facies, hut with an
occasional grain showing secondary enlargCl;nent; rather tine ,
with considerable foreign red and light green shale and somc
cbert and chips of dolomite _________________ _______________________ _
Oambrian:
Jordan sandstone (SO feet thick; 350 feet below sea level)"Sandstone, soft water;" of log; sample said to rellre.sent this
stratum consists for the most part of angular sand of light gray
dolomite with some arenaceous admixture; a sample at 1,125 feet
is of sandstone, some grains showing secondary enlargements,
along with some chert and dolomite _______________________________ _
so
Saint Lawrence formation (198 feet thick; top, 430 feet below sea leveJ)Dolomite, light yellow.gray _______ _____ _______ _______________________ _
no
Dolomite, purple-brown _____ __ _____________________ ------------------20
Dolomite, light gray ____ __________________ __ ________________________ _
68
. Dresbach sandstone (208 feet thick; top, 628 feet below sea leveJ)Sandstone, soft, white; grains well rounded, fairly uniform in size,
208
largest 1 millimeter in diameter -----------------------------------Undifferentiated Oambrian strata (120 feet penetrated; top, 836 feet helow sea level)Sandstone; in buff sand with the appearance of dolomite to unaided
eye, but seen under the microscope to consist of microscopic grains
of crystalline quartz with dolomitic cement, along with some fine
rounded grains of quartz sand and some glauconite aL __________ ,___ : _______ _

750

1,110

1,100
1,800
1,820
1,888

1,596

1,596
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Record of stmta in pl'ospect hole at Maquoketa,

!

'f hickness
Feet,

Sandstone as above, witb some gray shaJe ___________________________ _
Sandstone of same composition as above; white_____________________ _
Sandstone,
ligbt
buff; in minute detacbed grains and_
in angularfine-grained,
cbips as above
___________________________________________
Sandstone, white, clean, fine; grains imperfectly rounded, most
grains from 0,0075 to 0.01 inch in diameter; "Quicksand" 01 log __

I

Deptb
Feet
1,650

54
45

1,695

5

1,700
1,716

In sinking a deep well at Maquoketa, it is expected that the
drill will pass through the country rock (Niagaran dolomite)
and discover the Maquoketa shale at 184 feet be·low the surface (about 500 feet above sea level). Some water will probably be found 'in the Niagaran and als,o in the dolomite beds
generally present in the Maquoketa in this part of Iowa. About
200 feet deeper the drill will enter the Galena dolomite, passing
thence into the Decorah shale and the limestones and shales
forming the Platteville limestone, and the yield should be augmented from these horizons. The Saint Peter sandstone should
be reached about thirty-five feet below sea level, or about 720
feet below the surface I;tt the Chicago and North Western Railway station.
For industrial enterprises, hotels, liveries, etc., the yield
from these beds should be ample, but f,o r a city supply the wells
should be sunk about 1,200 feet, or· to 500 feet below sea level,
so as to secure the full yield of the Prairie du Chien stage and
the Jordan sandstone, and may indeed profitably go to 800 or
850 feet below sea level to tap the Dresbach sandstone. The
limit of 1,500 or 1,600 feet from the surface need not 'be exceeded, as at about this depth the drill shou1d pass into closegrained dry sandstones or marls underlying the Dresbach.
A flowing well with a head of about twenty feet is indicated,
but is not assured, and to secure the best results the yield should
be increased by the use·, sooner or later, of deep cylinder pumps
or air compressors.
At Bellevue the base of the Maquoketa shale i.s 617 feet above
sea leve-l, and a deep well drilled there will pass through about
350 feet of Galena dolomite, Decorah shale, and Platteville
32
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limestone before reaching the Saint Peter sandstone. Water
from the dolomite and limestone will probably flow, but in insufficient quantity. The Saint Peter should afford water in
moderate quantity, but it is recommended that the drill should
probe also the the lower-lying creviced and sandy dolomites and
sandstones, all water bearing, to a depth of 850 to 950 feet from
the surface. This will give a flow of the pure's t water in quantity beyond all present needs lof the town under a pressure at
first adequate for fire protection. The well should be situated
some rods back from the river front so as to avoid the old
channel of the river filled deeply with alluvial sands and gravel
and so as to encounter within a few feet the .Galena dolomite.
As the town .is situated on a sand-covered rock bench, the well
should be so located and so carefully cased as to reduce the
danger of surface contamination to a minimum.
Miles.-At Miles (population, 334) water is obtained fr·om
drilled wells ranging in depth from :fifty to ninety feet and
entering rock at twelve feet.
Monmouth.-At Monmouth (population, 221) wells, dug and
drilled, range in depth from 16 to 100 feet. These wells reach
rock twenty-five feet below the surface .. Water stands ten to
twenty feet below the curb.
Nashville.-At Nashville wells are 40 to 50 feet deep, and the
water level is 20 to 30 feet below the curb.
Preston.-At Preston (population, 642) the water-supply sysiem is owned by a private corporation. Water is obtained from
a well 108 feet deep and six inches in diameter, entering rock
at 100 feet, and yielding from a vein in rock seventy-five gallons a minute. The well is located on a hill ninety feet above .
the level of the business street, and the water heads sixty to
eighty feet below the curb.
Water is distributed from a tank with a capacity of 70,000
gallons under a domestic pressure of fifty pounds. The fire
pressure is seventy-five pounds. There are one· and one-half
miles of mains, ten fire hydrants, and 150 taps. The consumption is 30,000 gallons daily.
Sabula.-The water supply of Sabula (population, 918} ir:~
drawn from one of the finest artesian wells in the state. (See
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PI. IX.) The water is pumped directly through three miles of
mains under a domestic pressure of twenty-eight pounds, aitd
fifty pounds for fires. There are twenty-eight fire hydrants
and about 400 taps. '
This well is 973 feet deep, eight to six inches in diameter,
and is cased to 173 feet (rubber packed). The curb is 582 'feet
above sea level. The original head was .seventy-four feet above
curb; in 1905 it was forty-one feet above curb. The original
flow was 720 gallons a minute. 'Water was obtained at 400 feet
(Saint Peter sandstone), at 525 feet, and at 700 feet (Prairie
du Chien stage); total discharge at this depth, 350 gallons a
minute; the strongest vein was struck at 950 feet (Cambrian).
Temperature, 59° F. Drilling was completed in 1895 by J. P.
Miller & Company of Chicago.
With the original pressure of thirty-two pounds, the well
furnished fire protection, as well as a superabundant water supply. With the diminution of pressure to eighteen pounds,
about 1904, it was found necessary to install a 32-horse power
gasoline engine and triplex pump, which are used only in case
of fire. In 1908 the pumping capacity was reported at 500 to
600 gallons a minute.
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Record of strata in aity, well at Sabula (Pl. IX).

j'rhlCkneSS

I

Feet

l"(!et

Quaternary (163 feet thick; top, 582 feet above sea level):
Sand, alluvial; in ancicnt channel of Mississippi river ___________________ _
Ordovician:
.
Galena dolomite to Platteville limestone (262 feet thick; top, 419 feet
above sea level)Dolomite,
bard,
rough, crystalline, buff and '!gray;
some vesicular,
10 samples
___________________________________
_______________________ _
Sandstone, argillo-calcareous; drillings consist of ligbt green-gray
pmvder, with fragments of dark gray sandstone; calciferous;
grains not so well rounded and uniform in size as is common with
the Saint Peter -----------------------------------------------------Shale, green. fissile, arenaceous, slightly calcareous _______________ _
Saint Peter sandstone (25 feet thick; top, 157 feet above sea levcl)Sandstone, grains moderately fine, rounded , and ground: a large
flronortion of drillings consists of angular cblDS of gray dolomite;
much green shale, probably from the superior sbale ___ ___ __ _____ __
Prairie du Chien stage (325 feet thick; top, 132 feet above sea level)Shakopee dolomiteDolomite, medium dark gray; In angular fragments , clean except for a few pieces of green shale _____________________________ _
Dolomite, highly I\renaceous; drllIlngs consist of rounded grains
of quartz and minute angular fragments of dolomite, In some
of the larger of which quartz sand is embedded ______________ _
Dolomite, gray and light brown; drillings contain sand, probably from above; 2 samples ______ _____________________________ _
Dolomite, ligbt brown, arenaceous _______________________________ _
Dolomite, gray and buff; S samples ______ ________________________ _
New Richmond sandstoneSandstone, argillaceous and calciferous ____________ _____________ _
Oneota dolomiteChert; In fine wbite powder, calciferous; 2 samples _____________ _
Dolomite, gray, cberty __________________________________________ _
Dolomite, wbite, highly arenaceous, and cherty________________ _
Dolomite, white, cherty, slightly arenaceous _____________________ _
Cambrian:
Jordan sandstone and underlying Cambrian (198 feet penetrated; top,
193 feet below sea level)Sandstone, white, calciferous, cherty; grains of sand, mostly frag·
mental, but .many rounded; 3 samples _____________ _______________ _
by drillers to be no_
Unknown,
cuttings
reported
ch ange _____
__ __ ____washed
__ __ __ ____away;
__ ________
__ __ _________________________

Depth

163

163

212

375

25
25

400
425

25

450

15

465

10

475

35
15
50

510
525
575

25

600

50

10
25

650
740
750
775

35

810

SO

163 1

97~
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WELL DATA.

Information con('erning typical wells In Jackson county is
presented in the following tablEt:
Typical wells in Jackson County.

""....'"
Owner

Location

"''''
..,",,,
'"
p,'"

=.0
.0'"'

£
.0

~

0'0

0

.0

0'"

~

~
0

O~

1!'eet

Feet

Fee t

'"

0

Source
of
supply

'Cil.o

.0 ....

,,'"

'0"

Remarks:
(Log given in feet)

'"

P:l

Feet

T . 84 N., R. 1 E.

(Monmouth) .
T. Volker_________ NW. i NE. 11
sec. 20
J. H. SokoL_ . __ NW. i NW. ;
scc. 21
------------------ NW. i Nl<i. i
sec. 21
Brown --______ ___ NW. i sec. 2_
____ __ ___________ ___ Sec. 7 _______ _

i

-------------------- NW. 11 SE.
sec. 19.

John Wood ------ NE. i NE. i
sec. 30 .
---------~------ SE. i sec. 2__

(lll

58 _______ .

10 Red
sand and
gravel on rock.
Gravel_____________ Bear creek; ends In
gravel.
Limestone_________ Loess , 20; yellow
120
40
till, 20; Niagaran
dolomite, 80.
65
200 ---- do ___
192 Clay to rock.
---- do ___ _____ ____ High g r 0 u n 1 .
65
Flint from 153
feet tog rbottom.
42 _______________ . Sand ____________ Low
0 u n d .
Black soil, 8;
blue clay, 81;
sand, 3.
63 '______ ... Limestono _________ HIgh
151
ground.
48 _____ __________ .

1114

32 1_______ .

------------------ NW. i NW. 1
sec. 32.
Amanda Littell - - NW. 11 E".C . 25_
Charles Long ---- Sec. 31 ____ _

281

20 _______ _

Schoolhouse --___ Baldwin _____ _
Baldwin _________ Near railway __
Station, ____ _
Wright ___________ Nashville

126

_______________ Millrock _____ _
________________ SW.

i sec.

Will Campbell --- SW. i NW.
sec. 12.

28_

i

W. T. Clapp ______ NE. i NE. 11
sec. 28.
Graywich _________ NE. i SW. i
sec. 28.

228

270

00

fi3

102
73

7J:
96

60

162 Bluff.
251

Water In
porous rock.
Upland.

20U

GravcL____
20 Valley.
Nlagarnn _______ _,_ Maquoketa
shale
at 240 feet.
dolomite.
___
do
___________
Hill.
60
90
-----------26 Bear creek
bot·
toms . .
-------- ------. GraveL ___________ All sand and grav·
el.
10
------------ ----____ Rise above creek
bottoms.
50
-------__ __ _______ _ Creek bottoms, (,0
rods from creek.
50
41 Hollow; m 0 s t I y
yellow clay to
rock .
I/O
------.. --___________ Soil,
10;
blacK
quicksand,
SO. '
-----______________ _ Oreek.
3
Slight

T. S5 N ., R . 1 E.

(Brandon).

William MiIler__ . _ SE. i SW. i
sec. 31.

T. 86 N . , R. 1
(Butler) .

:~ .

6]

.. _____

____________ ________ Valley. Black soil,
10;
fine whl te

sand, 51.

.

-------------------- NE. ~ t; E. i
sec. :J~.
D. Duggan - _____ Sec. 26 ___ __ _

244

f3

2.17

22

Po r

0 u B
limestone.

211 Bluff. Gravelly Ted

clay (till), 53:
limestone, 191.
-----------_________ I ,oess , 2; till, ]0;
gravel 10 to rock.

UNDERGROUND WATER RESOURCES OF IOWA.

502

. Typical wells in Jackson Oounty-Continued.

".

"... ,

0

Owner

T.

8~

N .• R. 2

(I:;outn Fork).

_

.c

15.

15.

A

'"

>-<

"''

Feet

Feet

Feet

Source
of
supply

Q.'"

~e:

'"

D. Stevens _________ NE. ! NE.
sec. 31.
Heming __________ Maquoketa.
west side.
__ .0. ____________

1

124

76

_______________ SW. 1 SW. 1
sec. 32.
Walker __________ SW . I SW. 1
sec. 29.
Richard Elwood --

~E. 1 NE. i
opc. 33.
SE. i SE. 1
Chat,man _______ _ sec. 35.
I:;}.. ! SE. 1
sec. 35.
NE. ~ SE. i
.pc.
Wilson __________ . Sec. 1136.
_______ _

W. P. Dunlap ___ _

240

206
240

",::>

,,'-'

Remarks:
(Log given in feet)

'"

Feet

120

Niaj(aran
78 High hlll.
dolomite.
_________________
East side ot deep
ravine; rock at
surface.
_______ _____ ______ _ Ridge.

135

135

SW. 1 SE. 1
sec. 32.

40

<i.e
.e ...
~

I~.

H. B. Griffen ___ SE . ~ SW. 1
sec. 30.
W. G. Marster____ S. ~ r\W. 1
sec. 13.

""

0

0'"
...

~'"
.c.e

~
.c

Location

6

____________________ Sand and sandy
clay.
50 teet;
85
llmestone.
feet:
. ______________ _ GraveL __________ Orift. mostly blue
·tiil, 200; Quicksand, 40; ends III
gravel.
___ do ___________ Ends in gravel.
------ -------Blue clay
----- ----- ... - ____ do ____________ Bottom.
anrt
Q1Iicksand;
ends in gravel.
____ do ___________ Ends in gravel.
50

120 ----- ----90 ------.

____ do ____________ Blue till, 82; gravel, 7;lal;1d.
blue till. 1.
____________________ Level

._-----

85

40

82

87

138

80

100

10

On shale _________ _

190

40

____________________ Drift. 40; Niagaran
dolomite, 85; )oIiagaraD nolomite,

T. 84 N .• R. 5 E.

(Van Buren).
Knack ------------ SW.
Peter Kuhl _------

1 NW. 1

N~e(l. ~ 2~E.
see.

12.

J!ray cherty I

60;

Maquoketa shale
Prussia ---------- S. ~ NW .
sec. 14.
H. Gos11 _________ _ SW. 11 SW.
sec. 4.
Klemm _________ ._
NE. l SW.
s.c.
3n.
Roe ______________ _
NE. l SE.
orc. 16.
SW. i SE.
sec. 15.

11

1
1.
1
1

NW. 11 SW. i
sec. 16.
E. A. Clausen ____ Sec. 2 _______ _

225·

30 _____ ___

175

20

175

40

170

40

125

40

202

40

230

86

5.

1,

125 lOrift. 30 feet; Niagaran
dolomite. 195 teet.
Limestone______ . \!aQlloketa shale
not struck.
____________________ }!nquoketa shale
at liO feet.
On shale___________ MaQlloketa
shale
at liO feet.
___________________ stony hlue clay,
40: Niagaran nolomite. 85.
On
rise rom bottoms.
Llmestone________ Yeliow clay. 20;
hllle
elay. 20;
limestone. 162.
____________________ Drift. 36: NIagaran
dolomite to .hale
at bottom, 194.
____________
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Typical wells in Jackson County-Concluded.
".

<>

Owner

Loca tion

.

.0

8
.8
:SCo

~
OJ
A

A

Feet

Feet

-----------------

T. S4 N., R. 6 E.
(Iowa).
------------------_

-----------------------------------

-----------_ ... _--

L. P. Hunderad __
Orawford ----- ___

T. 84 N., R . 4 E.
(Fairfield) .
-------------------

"''''

Source
of
supply

0.0
.0 ...

""c
",<>

Remarks:
(Log given in feet)

'"

All:

P=l

'"

T. 85 N. , R. 5 E.
(Part of Wasbing·
ton).
Henry /Scbultz ___ NE. t SW. i
sec. 25 .
---------------,

o.~

'"

01

01""

~ '"
.0.0

Feet

.Feet

225 ________ _______ _ Gravel____________ Mostly gritty blue
clay;
ends
In
gravel.
90 ________________ ____ do ___ _
60 Goose Lake CbanSE. i SW. i
sec. 32.
nel. Black soli,
10; hard, gri t t.y
blue
clay, 80;
quicksand,
40;
gravel, 10. Old
forest bed at .10.
200 ________ ________ ____ do ___ .. _______ Bottoms. Soft biue
Green Island._
clay, 60; dirty
yellow clay, 20;
gritty blue clay,
pas sin g Into
gravel, 180.
NE. i NE. 1 500-600 _____ ___ ._______ Galena do- ________ Higb ridge; 150 feet
sec. 84.
lomite.
to
Maquoketa
Limestone________ _ sbale.
NE. t SW. i
125
30
sec. 32.
___ do _________ _
SW. i SW. t
190
20
sec. 19.
820
feet
NE. i SW. i
820 G a len a ________ About
344
40
sec. 24.
limestone.
above sea level.
Drift, 40; Niagaran
dolomite,
154;
MaQuoketa
shale, 120; Galena dolomite,30.
f;pc. 35 _______ _
450
40
SF.. t SE. i
::::::::::: :::::::: Yellow clay, 20;
673
40
blue
clay, 20;
sec. 23.
limestone.
110;
shale, 222; Gadolomite,
lena
80 _______________ _ GraveL ____________ On301. rise
from
NE. i NE. i
I creek.
Yellow
sec. 26
25;
.
bardclay,
pan, 50; gravel,

T. SO; N., R . 2 E.

(Farmers Creek).
J. W. Sag'·rs _____ SW.
Emory Dntton ____ Sec.
Walter Dutton ___ Sec.
Walter HutL _____ Sec.
John S. Rl1rrow~_ <;ec.
George WilIlson ___ "pc.
Rohert Wood ____ _ "ec.
Schoolhouse ______ Sec.
T . 86 N .. R . 4 E.
(Part of Belle·
vue).
H. Steicb _______ Sec.

5.

! sec. 20

20 _______ _
30 _______ _
21 ________ ..
20 _______ _
lR _____ _

35 ______ _
34 _______ _

1 ________ _

Golden ____________ We.t of city
limits 01
Bellevue
T. 87 N., R. 4 E.
(Tete de Mort).
H. Soppe ________ Sec. 36 _____ _

23R
136
240
180
I! 0

217
223

60
12
90
26
36
28
40
100

106

96

100

50

]86

200
114

100
150
168
150

___________

146

_Limestone.
___ do ____
____ do ____

14
150
150

____ cto ____

6S
____ do ____
150
____________
102
____________________ Much quicksand.

Limestone ________ A large amount "f
sanrl and gravel.
benea tb ioess.
Limestone, _______ Terrace
In
Mill
Galena.
creek valley.

54 _______ _____ ___ Gravel ____ • _. _____ • T,oess·capped
terrace
90
feet
_ _ _ __ _ _-'-_ _ _ __ _ _ _ _'-.-_ _-'-_ _______, ____ above MississippI.
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JOHNSON COUNTY

BY A. O. THOMAS.

TOPOGRAPHY.

The surface of Johnson county is chiefly of the prairie type.
Along the principal streams are belts of rather heavy nativ~
timber, much of which is be.i ng rapidly cut away.
Because of the location of the territorial capital at Iowa City,
Johnson county was one of the earliest west of those bordering
. Mississippi river to be settled. Its pioneers found an abundant supply of water in the main streams and their tributaries
and in shallow open wells, but as popUlation increased more reliable sources of supply, free from contamination and from possible exhaustion during times of drought, had to be sought.
Now drilled wells pumped by windmills or gasoline engines are
a part of the equipment of each up-to-date farm.
Far mor.e than half of the county is covered by Kansan drift,
which is extensively overlain by loess, although in some areas
along Old Mans creek, the loess is so thin that the preloessial
topography may still be recognized. Except for the broad alluvial flood plain of Iowa river, which intersects it in a north
and south direction, the southern half of the county is characteristically Kansan. The ridges and divides are much dissected,
as a rule narrow, and in many places loess-covered.
Several lobes of the Iowan drift sheet cross the northern part
of the county. These lobes are characterized by bowlder-strewn
fields and rich black .loam which covers in a general way the
entire surface of the drift. The freshness of the light-colored
bowlders) the incomplete drainage, and the comparatively level
. surface, free from loess, present a marked contrast to the
rougher and much-eroded Kansan drift. One lobe of Iowan
drift crosses the eastern part of the ' northern boundary of the
county and trends southeastwardly to Solon. Its level plains
are well developed just north of that town. A second and larger

•
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lobe comes down to and a little beyond the village of North
. 'Liberty, covers Monroe and parts of Jefferson, Oxford, Madison and P enn townships. It is crossed in an east-west direction
by Iowa river whose broad flood plain blends into the drift
plain on the south. The limits of these lobes are not yet
definitely determined along their entire length. Their terminal
moraines, though high and prominent in many places, are in
others very indefinite, due to some extent to post-Iowan erosion.
A broad alluvial plain has been developed along Iowa river
from the point where it enters the county to· section 22, Madison township, where it flows into a ·narrow, rock-walled, tortuous
channel from which it emerges near Iowa City after winding
about for more than twenty miles. Here it again enters a broad
valley with extensive flood plains, which continue until it has
passed out of the county. A flood plain about two miles widf~
and six to eight miles long extends along C~dar river in , Cedar
t.ownship.
The larger tributaries of Iowa river, like Old Mans, Clear,
and Rapid creeks, have developed alluvial flood plains of some
f:'xtent, especially in that part of their valleys nearest the Iowa.
That of Old Mans creek is :',<> most extensive, being eighteen to
twenty miles long and from l1alf a mile to a mile or more in
width.
Study of the course of Iowa river through the cOUllty shows
that a preglacial channel must have existed between the east
end of its northern flood plain and the north end of its southern flood plain, for the present course between these two points
is neither the most direct nor the most easily constructed; Well
r ecords are, however, too meager to afford data from which to
project the valley ·of this ancient stream. It is certain that the
buried channel affects the water supply of the area under which
it lies, and it is to be hoped that future borings will clearly
establish its approximate limits.
'Ca lvin , Samue l , A nn . R e port, I owa G eoJ. Surv ey, vol. 7, p . 48 .
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GEOLOGY.

Indurated rocks are exposed only in the northern and northeastern parts of Johnson county. The rocks dip to the southwest (PI. XV), a fact of special interest to the well driller,
for he must drill through a greater thickness of rock in the
southwestern part of the county than in the northeastern part
when seeking one of the deep-seated aquifers like the Saint
Peter sandstone. The character and kind of rocks which underlie the drift in the southern part of the county are indicated by
such rock exposures as those along English river in the northern part of Washington county.
.
Silurian rocks (Niagaran dolomite) are typieally exposed
along Cedar river in the northeastern part of the county. Southwesterly from this Silurian outcrop the lower beds of the Middle Devonian appeU'r at Solon and elsewhere.
Rocks of Carboniferous age are exposed in only a few small
outliers belonging to the Des Moines stage (Pennsylvanian)'.
The largest of these outliers is a body of coarse-grained sandstone in the southern part of Monroe township just north of
Iowa river and extending westward into Iowa county. Another
is located immediately north of Iowa City and occupies an old
deep pre-Carboniferous valley whose course runs at a wide
angle to that of the present Iowa river valley and whose bottom is sixty feet or more below the bottom of the latter.
The drift of the southern part of the county is probably underlain by the Kinderhook stage (Mississippian) of the Carboniferous. No record of well borings encountering these rocks
has been obtained, but they doubtless have been reached by drillers in southern Washington a:p.d Sharon townships. Interglacial sands and gravels known as the Aftonian gravel and the Buehanan gravel are widely distributed, the former beneath the
Kansan drift and the latter above the Kansan, and form aquifers of considerable importance in the county as a whole.
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UNDERGROUND WATER.
SOURCES.

The exceedingly rough preglacial topography of Jolmson
county precludes expectation of finding extensive well-defined
water-bearing formations in the drift- deposits, which range in
thickness in different parts of the county from an exceedingly
attenuated layer to a deposit measuring 300 feet. Nevertheless,
the most constant aquifer of the drift is the bed of sand and
gravel (Aftonian) that underlies the stiff blue clay beds of the
Kansan drift. Most of the deeper wells of the county derive
their supply from this stratum, though well drillers frequently
report failure to obtain water in it and are obliged to try elsewhere or go deeper. Locally, however, the sand and gravel
bed is absent and the drill passes directly from the Kansan clay
to the hard rock. In the southern and southwestern townships
of the county, in parts of Madison and Jefferson townships, and
elsewhere in the areas covered by the Iowan drift sheet, these
sands and gravels (Aftonian and Buchanan) yield a fairly
a bunclant supply of good water to wells ranging in depths from
50 to 250 feet. In areas in 'which the drift is thin and the country rock lies close to the surface, most of the wells penetrate
rock to some distance and obtain water either in a rock crevice
or in a gritty layer which does not seem to lie at any regular
horizon. The expense of sinking wells in these areas is usually
greater thalL in the areas of deep drift and the possibility of
failure is greater. Th~ wells along Iowa river west and north
of Iowa City are mainly of this type. Another area of this
sort is in the vicinity of Solon, where the country r<?ck comes
almost to the surface; the town well of Solon, for example,
strikes rock at a depth of seven feet.
In the alluvial flood plains of the principal streams, an abund~nt supply of water is obtained cheaply by shallow dug wells
curbed with cheap lumber, or by "sand points" driven into tbe
earth to a depth of fifteen to 25 feet and attached to hand
pumps. "Drive wells" are abundant along Iowa river in Liberty and Lucas townships and in the valley of Clear creek in
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Clear Creek township.
In the northeast part of Lucas township the wells average
100 feet and obtain water in the gravel above the rock.
Hundreds of shallow wells on the farms of every community,
which are being slowly supplanted by .deeper drilled wells, draw
principally from the ground water belOW ground-water level,
though some of them are filled' by the surface run-off, foJ;' which
they act as catch basins.
CITY AND VILLAGE SUPPLIES.

Cor-alville.-The water, supply of Coralville (population, 151)
is taken from shallow wells fifteen to thirty feet deep.
Hills.-The water supply of Hills (population, 195) is all
from shallow wells. Many of them are "driven wells" and
these obviously furnish a purer supply than that ·of the shallow
open wells.
Iowa City.-In Iowa City (population, 10,091) water for the
city mains is pumped from the river to a large standpipe on an
·eminence in the north part of the city. River water is unfit for
drinking unless it is boiled. When the city was visited the
water company was installing a filt~r plant said to be capable
of filtering all the water needed.
The homes on the west side of the river obtain satisfactory
water from wells sunk into the limestone. .some of the wells are
open but most of them are drilled. Many shallow wells, twenty
.to fifty feet deep, are still in use.
An artesian forecast by Norton ·is· of interest in view of the
probability that sooner or later one or more deep wells will b~
drilled for artesian water for the city or for the State University.
The bedrock here is the Cedar Valley limestone (Middle Devonian). After passing through this formation the drill will
enter the Wapsipil;licon limestone (also Middle Devonian),
which is characterized by brecciated beds, shaly and cherty layers, fine-grained and thin-bedded limestones, and' magnesian
limestones, which overlie the hard Silurian dolomite:;
(Niagaran). In both the Devonian and Silurian formations
water will probably be found in crevices and porous layers. If
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the head of these waters is higher than that of the main flows to
be reached farther down, they may be allowed to enter the drill
hole and thus augment that of the deeper flows; but if their
head is less they should be cased out to prevent the escape of
the deeper water through their channels. The drill will pass
from Silurian rocks into a dry Ordovician shale, the Maquoketa,
probably more than 200 feet in thickness, which should be cased
to prev€nt caving. The Galena and Platteville limestones, which
lie beneath the Maquoketa, contain large stores of water in irregular cliannels, crevices, or porous beds, but no assurance can
be given that the drill will strike one of the waterways. The
head of any inflows from these limestones should be tested and
their waters analyzed for comparison with those of the main
water horizons underneath.
After passing through the basal shale of the Platteville, which
will need casing, the drill will enter the Saint Peter sandstone
at 1,000 to 1,050 feet below the surface (350 to 400 feet below
sea level). A good yield is assured although exact estimates can
not be made, as the sandstone varies in thickness and also to
f:,~me extent in size of grains and porosity. It is not at all probaole that the water obtained thus far will be sufficient to meet
any large demands. The well should be drilled 50U or 600 feet
deeper, or to 1,650 feet below the surface, in order to tap the
large stores of water carried by the dolomites and interbedded
sandstone of the Prairie du Chien stage, and especially by the
subjacent Jordan sandstone (Cambrian). The drill should stop
at the heavy glauconiferous shal'es and marls of the Saint Lawrence formation, the next terrane in descending order.
A flow may be confidently expected and while estimates of
head are notoriously uncertain, it may be said that the head
may reach fifty feet above the river.
A single well will yield a supply sufficient for such university
use as a gymnasium, but for a city supply more wells should be
sunk and the installation of an air compr.e ssor to increase the
yield will be probably found advantageous, as at Waterloo, although the natural pressure of a well at Iowa City may be expected to considerably exceed that of one at Waterloo.
In c.h oosing a location for city or university wells., the possibility of contamination from ground water through leaky or
defective casings should be considered, and upvalley sites, other
things being equal, should be given preference. Too much care
can not be taken to exclude absolutely all soil and subsoil wa~
ters.
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Lone Tree.-The town of Lone Tree (population, 782) has
one of the best public water-supply systems in the county. A
drilled well, 130 feet deep, penetrates, beneath deep drift, a
gravel bed (possibly Aftonian) from which an abundant supply
of pure water is obtained. A gasoline engine furnishes the
power for pumping.
North Liberty.-The village of North Liberty (population,
200) bas no public water supply. The shallow wells are twelve
to thirty feet deep, the rise of water in them depending on the
season. The village greatly needs a drilled well, especially because it is located on nearly level, poorly drained land, and the
water in its shallow wells is within a few feet of the surface for
the greater part of the year.
Oakdale Sanitarium.-Oakdale Sanitarium is an institution
maintained by the state for the treatment of incipient cases of
consumption. It is located in section 25, Clear Creek township.
As a large well-stocked farm is part of the general equipment
a considerable supply of water is needed for domestic and other
purposes. In the summer of 1909, a three-inch well was sunk
to 360 feet, at which depth water was obtained in a layer of
"gritty shale," which underlies about 250 feet of limestone. The
water ris,es in this well within 100 feet of the surface and is of
excellent quality.
An artesian forecast made by W. H. Norton, in 1906, when
the question of good water was a factor in the location of the
sanitarium, predicted that the Saint Peter sandstone would be
reached at a depth of 300 to 400 feet below sea level and that
this formation, with other water-bearing beds higher up, would
furnish a supply sufficient for the institution, reckoned at 30,000
gallons a day. To obtain a larger supply. it was recommended
that the well be sunk into the Jordan sandstone, here probably about 700 feet below sea level.
Oxford.-At Oxford (population, 614) the water supply system is owned by the town. ,;Vater is pumped from a shallow
well not fifty feet deep and is distributed from a standpipe.
Many shallow wells twenty to forty feet deep, are in use over
the town.

UNDERGROUND WATERS OF THE EAST-CENTRAL DISTRICT

511

Solon.-The public at Solon (population, 450) is abundantly
supplied with water from a six-inch well, which penetrates the
limestone for 140 feet. The glacial mantle above the limestone
is only seven feet thick. The water is of good quality.

Shueyville.-The town of Shueyville (population, 100) has
no public supply, the people depending mainly on shallow wells.
Judging from experience on near-by farms, a well about 150
feet deep would develop an adequate supply.
Swisher..-The water supply · of Swisher (population, 40) is
_() btained from shallow wells fifteen to twenty feet deep. ,
Tiffin.-The water supply of Tiffin (population, 176) is from
shallow wells averaging about thirty feet in depth.
WELL DATA.

rrhe following table gIves data ·of typical wells
county:
Typical wells

"":::

0/

III

Johnson

Johnson (Jounty.

<!

Owue r

...."0
"
0

E

.c:

:5

<!

~

>-<

~

~

Sec.

}'eet

Feet

c.>

T . 81 N., R. 7 W.
(JefT.erson; part of .
MadIson).
F. Novotny ________ _

13

74

Anna Becicka _______ _

13

77

J. Louvar
M. Herdlicka ______ _

14

210
156

WillIam Roberts __ _

2870

27

Source
of
supply

'"'"

18 Rock _____ Yellow sandy day, 18 feet; very barq
rock.
77 Gravel ____ Hill. Yellow cluy, 20; the rest blue
clay; gravel bed tilin.
70 Rock ______ Yellow clay, 20; blue clay, 50.
24 Haft rOCk __ Higb ridge above river; rock bard and
bedded except tbe last 7 or 8 feet.
Gravel ___ Gravel bed tbin.

j

T. Bl N., R. 6 W .

(Big Grove; part of
P enn).
James A. Ulcb _______ _
J. Pesarek _________ _

Remarks:
(Log given in fe et)

25

4

282
• 158

60 Soft rock_ First water at 130, but flow not good.
72 Rock _____ A log struck at 60; loam, yellow clay,
blue clay; thin layer of sand on rock.

T . 81 N., R. 5 W.

(Cedar).

Jobn A. Henick_____ _

17

W. Verba ___________ _

6

No
rock
160

Sand

132 Rock

Yellow sandy clay; blue to 145; yellow
sandy clay to 200; sand. Well 35 feet
in this sand.
Reddisb clay, 20; blue clay, yellow
sandy clay, and red clay; 2 o'f black
soil at 120; brownish clay Bnd yellow
clay to rock.
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1'ypical wells of Johnson County- Continued.

Owner

~as

"0

.c

I ""'"

/Sec.

(Parts of Madison.
Clear Creek aud
Penn.)

0

.E

.<:

H

T ~ 8Il N., R. 7 W.

I '""... I

I

d

.

Source
of
supply

Remarks: .
(Logs given in feet)

""'"

~

~

Fect

F eet

r

George Hoover
H. Lininger _________ _
M. M. Snavely ______ _
J. C. Bowman ___ ~ ___ _
J. D. Colony ________ _
J. J. Craig _________ _

10
10
15

262
80
115
312

19

144

7

27

213

Fdw . Craig
Walter Cox _________ _

27
36

65
50

Cbarles E . Colony ____

24

100

142 Rock _____ .
-------- )Stud -- - -no ----.
-------):,0 Rock --- --

Loam; blue clay; no sand above rock .
Same as last, but sand bed ' thick.
Yellow clay; blue clay; water In sand.
No sand at bottom of mantle rock;
compare Hoover's well.
gravel bed
Grr.vcl
------.---- Yellow clay; blue clay;
thin but coarse·grained.
100 Rock ----- High ridge; no water in drift; the sup
ply comes from a crevice in the rock.
Usual drift, underlain by s'and .
--- ----- Santi __
<10
Drive
well; man y of tbis type in nelgb
-----------borhood.
do
------------ Water ' j ust above rock.
0

__ •

--

T. 80 N., R. R W .
(Parts of Penn and
Newport).

Martba Bowman ____ _

19

288

Samnel Green _______ _
Jos.DoHemph ill __ __ ___ _,
James Hotka ----- ' __ 1

18
1B
31

800
110
do - ... - - Very shnil ar to Bowman well.
Water at bottom of drift in thin sand .
140 ------- .. Sand
126 -------- Gravel ----

·----------------1

23

98 Rock ----- High knoll;

no water in drift; rock
hard; water ba nd "gritty."

____ 0 .

lOB

--------

Sand

-----

Yellow clay; blue clay; gravel. ·

'1'. 80 N ., R. 5 W .

(Grabam; part o f i
Newport).
.
J. J. Dvorsky ________

18

James J. KralL __ ____ _

18

M. F. Dvorsky ______ _
T. 79 N., R. 7 W.
(Union; part of
Clear Creek).
<"ounty Farm _______ _
Do ____ ______ _____ _
Mr • . H. Schnarre _____ !
~va!l Williams ______ 1

19

----- Yellow clay; blue clay; no gravel; wate!
in "crevice" in rock .
Water in shaly rock, lJeneath very
hard rock;' unsatis fa ctory water bed
at 100.
110 -------- Gravel ---- Yellow clay; blue clay; gravel.

13

172

i

62

217

57 Hock

,'0

_-

--. -- ..- _..

11 .

Yellpw clay, about 60; blue . clay, ove
168 Rock
100; little or no gravel.
174
168
do. ___"
170 ____ ___ _
_. __ _ Similar to t be county farm well.
318
172 Sandy rock Drift very sim il ar to tbe preceding , hut

·n. Williams ___ ______ _

11

140 ________ Sand

Do __ _____________ _

11

282

174 Rock

·John Hradek ___ _____ _

10

340

100 Shale ____ _

'Geo. Wicks
J . R. Breese _________ _
·'Chas. Rohret ___ ____ _

1[1

126 · ________ Sand __ . __ _
90 _______ ___ <10 ___ __
130 __________ do _. __ _

John Lloyd _________ _

1i . T . Davis ___ ____ . __

]8
12

17
20

24
22

~"nn

lOa
100

do ____ _
do

no gravel; three trials to find water at
top of rock f ailed; water bed Is sb.aJy
brownisb red sandstone or gritty lime
stone .
Sand bed tbin; tbe well became dry in
a few months.
Yellow and blue 'clays; thin bed of.
sand : rock well beddcd; tbe drill drop
p~d' into a crevice at tbe bottom and
well yields an abundance of water.
Simila" to Evan Williams well , but with
shale helow tbe gritty limestone.
Yellow and blue clays.
'.rh is well is located In ,a hollow.
I
Yellow clay , about 60; blue clay to 120
tbe water seems to run in a "vein' in
tbe sand.
Yellm,' and blue clays .
Yellow clay, about 20~ blue clay, ovc
70 .
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Typical '!Cells in Johnson. County-Continued.

".

0) .

8
Owner

"
-:;
0)

0

H

Anna Zingula ________ _
H . E. Edwards ______ _
Julius Tudor _______ _
H. Rowland ________ : _
S , E. Pate __________ _
Lumley Tudor ------Mrs. H . Rowland ____ _
D. W . Jones _________ _
T. 79 N., R. 6 W.
(Lucas, part of
Union) .
Black
Estate _____ ___ _
Wm. Oannon

.Q

.Q

'""

""''""
F""eet
Feet
I
24
170
170

Sec.

19

25

36
80

30

7

200

16

64

9

190

17

126

16

116

16
8

200
140

18
6

150
. 108

16
17
16

140
116
124

J . Oropley ___________ _
A. R . Payne _________ _

Mack Stevens ________ _
J. K. HemphilL ____ _
Mary A. Lindsey _____ _
J . R . Breese __________ _
H. Garnett _________ '__
Geo. Lewis
T . H. Morford ______ _
W. J. Davis _________ __
Owen Davis __________ _
R . P. Jones __________ _
Byron Dalton _______ _
Rich. P. Jones _______ _
Elias J. Hughes ___ __,_
S. 0.· Jones ___________ .

20

33

139

,0

120

20

120

l OS

20
20
29

120

33
32

-- _..

240
---------260 Shale --- -.

Yellow and bluo days; water 'on top (If
rock.
On top of rock.
On lower ground than the preceding .
No water; driller gave It up .
Yellow clay, 30 to 40; blue clay, 200 ;
sand~ tough cla y to the rock, whIch Is
quite hard down to the limy shale.

2 Sbaly rock Rock hard and well bedded.
40 Rock ____ " Yellnw rl ay, 40: a little gravel.; "bird's
eye" limestone, 40·; blue lImestone
over 6U; water in a crevice .
200 On rock ___ Yellow clay, 40; blue clay, over 150; no
gravel.
64 Gravel ____ Yellow clalt, fO; blue clay, 35; coarse
gravel to rock.
40 Shale (1) Residual material, mostly loess with
-- some gravel below ; water In "honey·
combed" shale.
a·nd blu~ clays; no grflvel; wate
J.26 0 n rock --- Yellow
bed on the rather friable rock .
116 Gravel ____ Olays as in the last, but the gravel j
10 to 15 feet thick.
50 Hock _____ Compare with Byington well. '
_______ . Gravel ___ Yellow clay. 30 ; blue clay, abput 100
flne sand ; coarser sand.
100 Sand
Yellow clllY; bluc clay ; gravel.
108 Gravel ____ Yellow clay : blue clay; water o!, top 0
rock In gravel.
_____ __ _ Sand ____ _

-------- == g~ _====
139 -- do ---- -

On top of rock.

1

n~ == ~~ ~===: f All on same ridge, not over three]08 __ do ____ . I fourths of a mile apart.
120
do ____ _ I
40 ________ Sand (1)__ "Drive well" along a creek.
207 ______ __ Sand ___ __ Yellow clay. 20 to 30; blue clay, over
150; thick sann.
140 ________ Gravel ___ _
2~6
246 Rock ____ _ No water in gl avel above rock; water
bed rather shaly.
256 __ do ____ _ Similar to last .
30f,
Dug
well: ne~r river.
40
30 ______ . _ Sand . ____ _ 41Drive well."
50 Soft shale_ Not enough water on top of rock.
200
100 Rock ____ _ Yellow clay; blue clay; thIn gravel.
186
62 Sand ____ _ P lent y of water.
62
Low J;art of the 1arm.
64
Hm.
140
60 Rock
57
__
do
4·inch
well; abundant water; yello~'
62
clay, 20; blue clay, 37.

20

Robt. E . Jones _______ _
32
Jas. McOollester ___ ___
2t
Ohas. A. Vogt _______ _
26
Alfred Ohl ___________ _
23
Lovell Swisher ______ .. _
13
Nellie Swisher _______ _
13
Jno. O. Shrader ______ _
12
Do _______________ _
12
Main's factory ______ _ :East
Iowa
Oity
W . F. MaIIL ___________ do __

-_ .._.

-------1-

135
148

O. Byington ________ _

I

90 ________ Sand _____ _
. 106 __________ do ___ .... Water bed loose sand , into which th
drlll sank for some distance by o\\'n
weight.
Yollow
and t lue clays.
205
do -----

9
16

Mark H. Olear______ _

Remarks:
(Logs giYen in feet)

Gravel __0·

do
179 - ------__ do
96

30 -------400
81

Edw. Rohret ________ _

Mrs. W . Black_______ _
Edw. Rohret _______ _

Source
of
s upply

2

.~

162

60 __ do

Water in a shaly rock.
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Typical Wells in Johnson County-Concluded

Source
of
supply

Owner

Elmer Buck
D. H. Hastlngs _____ _
SaraQ. Hastings _____ _
T. 79 N., R. 5 W.
(Scott).
Frank Lord _________ _
E. WestcotL _________ _
R. Hunter __________ _
Edw. Greer _________ _
Benj. Price

Sec.

Feet

,J.9

80
25

20
18
16
84

Remarks:
(Logs given in feet )

Feet

162 ________ Sand
200 ________ __ do

On top of

220 ________ • do

~ock.

Do.

220

200 Rock ____ _

180

175
do
190 On rock

Geo . Bothel _________ _

34

232

Jos. Krellek _________ _
Chicago . Rock Island
& Pa,clflc Ry.
J. T. SttiJbble ________
Lemuel Hunter _____ . _

35
4

104
116

Water In f-iable rock.
Water in top layer of rock.
240 Soft rock __ No sand above rock.
216 Rock ___ __ Soil and yellow clay. 36; blue clay, 1BO;
no sand; limestone, 16; yellowish clay,
8: hard rock, 20, to water.
282 Sand
Yellow and blue clays; the water In
sand.
do ____ _ "Quicksand
., below blue clay.
116 Gravel __ __ 4-lnch well; plenty of water.

or
6

224
220

100 Rock ______ Yellow and l)lue clays .
200 _. do ____ _

,

21

196

260

260

T . 78 N., R. 8 W.
(Washington) .

J. P. Wagner _______ _
Jno. Fry ____________ _
C. Swartzendruber __ _
T. 78 N~, R. 7 W .
(Sharon).
J no . Hughes _________ ..

15

10
16

185 ________ Sand _____ c Yellow clay and loam, 45; blue clay,
140 ___ • __ • ___ do _____ Very slmila. to the last.
140 _______ • _. do __ ___
Do.

,l().

2

120 ________ Sand

sr ________ _

2

84 __________ do

R. R. Hughes ________ _
W. J. navis _________ _

1
12

127 _________ do
125 ________ __ do

32

120 ___ __ __• Sand

10

130 ________ Sand ____ _ Soli and yellow clay, about 30; blu
clay, about 95 : Rand, about 5 to S·,
with pIeces of wood and bark at top.
The driller penetrated a bluish toug·n
·clay below 'the sand to some distance,
but withdrew the drill and made the
sand the water_b_e_d_._ _ _ _ _ _ __

P.

Zah~er,

Hill. Yellow clay, 20 to 30; blue clay,
about 90.
Foot of Hughes Hill. Soli and yellow
clay, 15; blue clay, about eo.
Below blue clay. . '.
Yellow and blue clays, then sand.

T . 78 N., R. 6 W.
(Liberty:
part
of
Pleasant Valley).
.Tohn Knebel ______••

Yellow clay and sol!, 30; blue clay, 1!5;
sand, flne-gralned . Mr. Knehel reports that there are no wells down ro
ro-ck In the township and that the
general depth Is about the same as his
own. Along Old Mans creek and on
Iowa river bottom drive wells £.fe
about 20 feet deep.

T.77N., R. 5W.
(Fremont).
Towil well, Lone Tree

I
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JONES COUNTY.

BY W. H. NORTON.

TOPOGRAPHY.

Alternating belts of upland and lowland, of loess-covered
Kansan ridges and Iowan drift plains, give to the surface of
Jones county a peculiar "fluted" topography. The trend of
these singular belts and of the rivers which cross them is northwest-southeast and the streams flow with seeming indifference
either through wide post-mature valleys adjoining the plains or,
leaving the lower lands cleave the ridges lengthwise with deep
gorges.
Thus, on the rigbt bank of the Maquoketa, a bold ridge,
loess-covered and fringed with lenticular loess-capped hills of
drift, called paha, extends as far southeast as Monticello and
its trend is continued by a lower ridge of similar character near
Scotch Grove. These ridges overlook to the southwest a belt
of prairie four or five miles wide, diversified in places with low,
long swells of drift trending northward. Southwest of this
prairie plain of Iowan drift, on which are located the towns of
Onslow, Center Junction and Langworthy, rises another up_ ·
land. Northwest of Langworthy it is narrow, and its pahoid,
forest-covered crests rise 100 feet and more above the level of
the adjacent lowlands. From Amber southeast to the county
line it is more massive, attaining a height of 140 feet above the
lleighboring vhlleys. A narrow belt of lowland parts this ridge
from a massive upland cut by Wapsipinicon river to a depth
of 220 feet, beyond which to the southwest lie other narrow
belts of upland separated from one another by long enchained
pahoid hills.
GEOLOGY.

The geologic structure of Jones county is of the simplest.
rrhe drift sheets of the county are the Iowan and the deeply
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buried Nebraskan and Kansan. The two last named are for the
most part hard, blue, stony clays called "hardpan" by many of
the drillers. The Kansan, ,however, may , be reddened and
loosened in texture by long weathering to a depth of from ten
to twenty feet from the surfaoe. The Iowan lies on the surface
of the lowlands-a brown sandy and gravelly drift with bowld'e rs or a pale yellow stony clay. On the hills and ridges the
yellow dust or silt deposit known as loess has accumulated to a
depth in places of forty f.eet, although thin or entirely absent
on the adjacent prairies. Throughout, the rock lying beneath
the drift is the Niagaran dolomite (1;'1. IX), except probably
over a few square miles in the extreme southwestern part, where
the heavy drift may conceal Devonian limestones.
UNDERGROUND WATER.
SOURCES.

The diversified surface, in which well-dissected uplands
where ground water stands far below the crests alternate with
low young prairie plains only slightly scored by drainage channels where ground w.ater stands high, makes it exceedingly dif:ficult to give any averages as to the depth to water supplies,
even in areas so small as townships.
The most important water-bearing formation is the Niagaran
dolomite. The water occurs in porous beds and in waterways
opened by solution along joints and bedding planes, but not in
any definite stratum whose depth at any point can be predicted.
Water is found also in drift sands and gravels, both in those
contained within the drift sheets and in those which separate
them.
WATER PROVINCES.

Province northeast of Maquoketa River.-In Highland, Washington and the northeastern part of Monticello townships the
Niagaran dolomite lies everywhere at no great distance below
the surface and outcrops in numerous ledges on the hillsides and
in discontinuous high rock walls along the deeper valleys. N ortll
and South forks of Maquoketa river below Monticello flow
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through narrow winding valleys destitute of flood plains. In
these valleys wells find rock a' few feet from the surface, but
must penetrate it deeply to obtain sufficient water.
On the uplands the deep and intricate dissection 6f most of
the area allows ground water to sink. Few wells find it within
less than 100 feet, and many are compelled to go more than
200 feet. In a few places the Niagaran is found dry nearly to
jts base, and wells supplied from the water accumulating immediately above the impervious Maquoketa shale must be drilled
a little way into the Maquoketa for reservoir. For example, the
well of T. Cooper (section 20, T. 86 N., R. 2 W.) found clay to
twenty feet, Niagaran dol:omite to 385 feet, and was carried sixteen feet into the Maquoketa shale-a total of 421 feet.
Even on the high drift prairie of the northwest part of this
area wells do not find enough water in the drift, which here
ranges from ten to sixty-five feet in thickness. Where the
drift is -comparatively thick for this area, reaching about fifty
feet, water may be found within the limestone fifteen or twenty
feet below the rock surface. Where the drift is thin, and locally
where it has some thickness, wells 'range in depth from 150 to
.250 feet. Few wells of this province are less than 140 feet deep.
Thus, the well of R. M. Hicks (sec. 2, T. 86 N., R. 2 W.) is 180
feet deep, rock being struck at five feet, and the well of J. F.
Moore (sec. 5, T. 86 N., R. 2 W.) goes through forty feet of
drift and penetrates 240 feet into the Niagaran dolomite to obtain sufficient water.
Province between Maquoketa and Wapsipinicon rivers.-The
larger part of the belt of country twelve to fourteen miles wide,
extending from northwest to southeast across the county between Maquoketa and Wapsipinicon rivers, is prairie of Iowan
drift, but it is traversed longitudinally and is bounded on the
east side by massive ridges of Kansan drift capped with loess.
To the northeast, along a zone bordering the Maquoketa, the
Niagaran dolomite stands high and is covered with a thin
mantle of drift. In the northern part of Castle Grove township,
as at Argand, it outcrops as high as 920 feet above sea level. In
southwestern · Monticello township the loess and drift of the
ridges may exceed forty or fifty feet in thickness, but the rock

a
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outcrops about their bases or is found at slight depth below the
surface. Southeast of Monticello the . limestone also stands
high, outcropping well up to the summits of the liills overlooking the Maquoketa, its height above sea level at Scotch Grove
being about 900 feet. Here water is not found in the drift nor
on the rock. Wells must be sunk a considerable distance in the
Niagaran dolomite to find sufficient supply. Locally plenty of
water is obtained within fifty feet of the surface, as at the
Scotch Grove creamery well, but most wells are 100 feet or more
in depth. Even on the wide river valley northwest of Monticello, where ro~k comes within fifteen to twenty feet of the
surface, wells are about 100 feet deep, and on the adjacent hills
l:!ome of them exceed 200 feet. On the high bluffs overlooking
, the Maquoketa, southeast of Monticello, it may be necessary to
go 200 and even 300 feet to find water in the limestone.

An exceptional feature of the belt of country bordering the
Maquoketa on the southwest is a buried river channel disclosed
by wells in the lower valley of Kitty creek and on the Maquoketa
flood plain above Monticello. Thus, in section 27, Monticello
township, a well on the Kitty creek bottoms found rock seventy
feet from the surface, 720 feet above sea level. The city well
at Monticello on the same bottoms, enters rock at 135 feet, 665
feet above the sea, 'and a well in section 16 of the same township
on the Maquoketa flood plain is reported as 119 feet deep, with
twenty feet of alluvium at top, below which the well penetrated
only sand. The rock floor at the last well must be less than 680
feet above sea level. The buried river channel thus disclosed
was cut about 125 feet below the present channel of the Maquoketa. That the ancient valley does not coincide with the
broad valley of the river above Monticello is seen in the numerous wells on both sides of the river which enter rock at ten to
twenty feet below the surface.
From the upland along the right bank of the Maquoketa,
where the Niagaran dolomite reaches an elevation of about 900
feet above sea level and where the drift is relatively thin, the
rock everywhere descends to the southwest to a wide rock-cut
valley now deeply filled with drift, on whose farther Ride the
rock again ascends and again approaches the surface along a
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belt of country stretching along the left bank of the \Vapsipinicon. The distance to which wells must be drilled to reach rock
Y~ries not only with the depth of this ancient valley and the
positions of its numerous branch valleys with their divides of
rock buried beneath drift, but also with the height to which
. the drift has been heaped over the area-whether it has been
smoothed to the broad, flat plain which stretches from Castle
Grove to Langworthy and Onslow or has been piled in the massive ridges which overlook this prairie from· the south. The
greatest depth to rock natural1y occurs whert the ridges directly
overlie the central trough of the buried vaney. In Castle Grove
township (section 8) the drift is in one place 190 fett thick, the
rock floor being 810 feet above sea level. In section 33 the drift
is more than 200 feet thick, the rock floor not being reached at
800 feet above sea level. On the ridges ~rom northwest of Amber
to Onslow a number of wells are reported which approach and
,exceed 300 feet in depth, and a few successful wells are reported
as less than 200 feet deep. On the bluffs near the Wapsipini.con; where rock stands high, few wells exceed 150 feet and a
number of successful ridge wells from 80 to J 20 feet deep are
on record.
South of Newport the Wapsipinicon is bordered by flood
plains one and one-half miles wide, and here driven wells are
entirely adequate.

Province south 0/ Wapsipinicon River.-On the high ridge:,
of the Wapsipinicon the depth of the wells reported
ranges fI'lom 50 to 150 feet. On the prairie occupying the extreme southwestern part of the county about Morley and Martelle wells find water in the drift, and in few places exceed 130
feet, so far as reported. South of Fairview a number of successful wells are but forty or fifty feet in depth.
~outhwest

SPRINGS.

Springs supplied by underground courses dissolved in the
Niagaran dolomite emerge in the deep gorges of the Maquoketa
and the North Maquoketa. That of J . Kibury, in the NW. 1M
NW. 1!.t, sec. 30, T. 86 N., R. 2 W., feeds a small creek discharging into Maquoketa river.
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To a somewhat less extent springs are found along the
<.'ourse of the Wapsipinicon where it leads through narrows cut
in the Niagaran dolomite.
•
CITY AND

VILLAGE SUPPLIES.

Anamosa.-The public supply of Anamosa (population, 2,983)
is derived from a city well drilled by J . P. Miller & Compa:r;ty
of Chicago in 1898. The well is situated a few yards from the
bank of Wapsipinicon river, is 1,754% feet deep and ten to six
inches in diameter. It is packed with lead and rubber and carries' 100 feet of casing. The head of the water is thirty feet below curb. The water comes from depths of 600, 950 and 1,200
feet. The original and present pumping capacity is 300 gal]ons a minute. Temperature, 52° F. Water is pumped to a
reservoir and the· pressures, gravity and direct, are 60 and 120
pounds, respectively. There are three miles of mains and thirteen hydrants.
The only cuttings preserved from this well come from the
Saint Lawrence formation and underlying Cambrian strata. The
following table presents the record:
Record of strata

at city well at Anamosa.

Dolomite, gray, arenaceous; as seen by grains imbedded in dolomite

Depth in
feet

DOl~~~:e,--iighi--yeiio-W-:giay--~~::::~~:~~~:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~:~~~~~~~~_ and

•

Marl, light pink; powder contains l arge residue of minute ang ular
quartzose particles; cement dolomitic, glauconlferous __________________ _
Marl, bright pink, as above ____________________________________________________________ _
Marl , blue, dolomi tic, quartzose, glauconiferous ______________________________ _
Shale, white, calcareous, siliceous, in powde r __________________________________ _
Sandstone, gree n-gray, grains minute, rounded, slightly calcareous,
argillaceous, glauconiferous ____________________________________________________ _
Sandstone, white, rounded grains; largest, 0.6 mm. in dlameter __________ _

~~~~~~~~:: ~h~re, ~~~y

-ftne-==========================================================
Sandstone, buff, of finest
grain, glauconiferous _______________________________ _
Sandstone, pink, of finest grain, in loosely coherent chips _________________ _
Sh a l e, gree n ______ _____________________________ " ______________________________ -_________ _
Shale,
green,
calcareous,
glauconiferous, highly siliceous; __with
min ubright
te quartz
particles
____________________________________________________
----_

i: ~~g
1,375
1,385
1,435
1,440
1,525
1,530
1,660

1.670
1,690
1,720
1,735

1,750

The water supply problems of Anamosa seem to have been
successfully solved by the excellent and abundant supply of water from the city well. Domestic supplies are still drawn, however, from many hous~ wells, which on the hills are not uncommonly 100 to 160 feet in depth. The drift, which is forty feet
thick, is dry, and water must be sought in limestone.
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In the remote contingency that the present supply from the
deep well may be overdrawn .by ,increasing population, tests
might well be made of the amount of ground water available
on the low ground west of the 'town near the mouth of Buffalo
creek, where the convergence of drainage lines points to some
considerable store. Several wells of small diameter sunk about
320 feet to the horizon of the Maquoketa shale would probably
yield a large supply.
The State Penitentiary well has a depth of 2,007 feet and a
diameter of 10 inches (cased) to 96 feet, 8 inches (uncased)
to 290 feet, 6 inches (cased) to 987 feet, 5 inches to 2,007 feet.
The curb is 816 feet above sea level. The original head was
760 feet above s'ea level; the present head is 768 feet. The original and present pumping capacity is more than 300 gallons
a minute, and the amount pumped daily in summer is 135,000
gallons. When pumped at rate of 200 gallons a minute water
is lowered nineteen feet in half an hour. The water comes from
860 feet and from between 1,070 and 1,215 feet. The well was
completed in 1896 by J. P. Miller & Company of Chicago at a
cost of $11,000. Temperature, 53.5 F.
0

The well yields excellent drinking water. Since its completion no cases of typhoid fever have occurred in the penitentiary, although from .1875 to 1891, sixty-four were reported by
the prison physician. The water forms much scale in boilers
but is not otherwise deleterious .

•

.
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Record of strata of penitentiary well (Pl. IX).

Thick·

I ness

F~ct

Feet
Pleistocene
(78 feet
thick; top, 816 feet above sea level):
Clay, yellow
_______________________________________________________________
____ _
Clay anrt sand _______________________________ . . __. __________________________ _. _____
Quicksand ______________________________ _ ________________________________ '___ _
Silurian:
~iagaran do!omite (282 feet tbick; top, 738 feet above sea levcl)Dolomite, light bluish gray, crystalline, vesicular; 5 samples, at H5 ~·tt
dark brown-gray and more compact _______________________________________ _
Dolomite, as above, cherty _________________________________________ . ________ _
Dolomite, light gray, crystalline; 2 samples ________________________________ _
Dolomite, cream colorpd and buff, chcrty; 4 samples _____________.... _______ _
Dolomite,
gray, In___________________________________________________
flaky chips, argill,ceous, lustre earthy, w.th
some_
chert: 2 samples
.. ________
Dolomite, blue-gray, blgbly argillaceous ______________________________ .__ , __ __
Ordovician:
Maquoketa sbale (175 fpet thick: toP. 456 feet ahove sea level)Shale, green-gray, slJgbtIy calCareous: 4 samples _______________________ _
Dolomite, brown, somewhat bituminous, blackens in closed tt:te ___________ _
Shale In molded masses; 2 samples ___________________________________________ _
Galpna nolomite and Piatteville limestone (325 teet thick: top, 281 feet above
sea leveI)Dolomite,
buff and gray, hard, rough, crystalline; 10 samples, at 675 feet,_
cherty _____________________________________________________________________
Limestone, magnesian, hlue-gray, granular, crystalline: 2 samples _________ _
Shale, blue an,l dark brown. bltumlnous _____________________________________ _
Limestone, magnesian. or dolomite, buff-gray, tine-grained, crystallin.;
samples at 800 and 820 feet: In tbe latter sample are found fragmpnts of
magnesian
limestone
which may extend from that depth to 852 feeL ____ __
Shale,
no sampie
_____________________________________________________________
Saint Ppter sannstone (55 feet thick: top, 44 feet below sea level)Sandstone; clean, white Quartz sand; grains well rounded, moderately fln6
Prairie du Chien stage (335 feet thick; top, 99 feet below sea leveI)Shale,
finely laminated, containing some rounded_
gra insgreen,
of QU noncalcareous,
artz ___________________________________________________________
Dolomite, Ught yellow-gray _________________________________________________ _
Shale; In large fragments, noncalcareous, green, finely lamiI!li.t"J ________ _
Dolomite, gray and white: 5 samples _______________________________________ _
Oambrlan:
JorneD "anilstone (95 feet thick: top, 434 feet below sea level)Sa Ddstone, light blue-gray, calciferous ______________________________________ _
Sandstone, clean, white: grains rounded ___________________________________ _
Sandstone, white, calciferous ___________________ _____________________________ _
Saint
Lawrenceyellow-gray,
formation (235
feet________________________________________________
thick: top, G29 feet below sea level)Dolomite,
rough
_
Dolomite, cream-yellow; rounded graIns of quartz in drillings: 2 samples
Dolomite, ranging from white to brown _____________________________________ _
Sandstone,
red,like
argillaceous
calcareous, of mlc'oscoplc grain, with_
glauconiteand
____________________________________________
green grains
Shale, light green-gray, sllgbtly calcareous _______________________________ _
Dolomite: fragments mottled pink and gray ________________________________ _
Dreshnch "nnr!stone (180 fpet thick: top, 764 feet below spa level)Sandstone,
butT log
and
wbite, flne -Il'Tained: 4 samples; softest_
"Mndstone cream-yellow,
In well hy driller's
_____________________________________________
Uncllf]'prentiated Oambrian strata (247 feet penetrated: top, 944 feet below sea
levcl)Shale, green, !lssile _______________________________________________________ _
Sanr!stone, buff: very tine, glauconlfprous: 3 samples ___________________ _
Sandstone, brick-red, very fine-grained, arglllo-caicareous, gll.luconlferous
SaDn"tone, as ahove, but leos culeiferou. ______________________________ ... __ _
Sandstone, gray and buff, tine; arglllo-caicareous at 1,890; 8 samples ___ _
Sandstone, coa rser: with green sll"le _______________________________________ _
Sanr!stone. gray; monprately tine grains, angular, bard _______________ _
Sandstone, whIte, rounder!: unhroken grains, 80ft_____________________ _ .. __ _
Sandstone, light pInk, sample of ronnded grains mostly unbroken, I'nr:1.
2~ bours to drlll
6 feet; sample not a quartzite _____________ .. ___________ _

IDepth

30
46

30
76

2

78

137
20
80
60

215
235
265
325

30
5

355
360

130
10
35

585

205
30
30

740
770
800

52
8

860

56

915

40
15
260

955
970
990
1,250

55
20
20

1,805
1,325
1,845

35
85
70

1.380
1,415
1,485

5
40

1,490
1,540
1,580

180

1,760

10
45
40

1,770
1,815

2Q

50

400
5()(l

852

l,8.'i5

45

1,875
1,895
1,900
1,950
1,995

12

2,007

20

20
5
50
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Center Junction.-The domestic supply ot Center Junction
(population, 199) is drawn from deep wells, which range from
116 to 140 feet in depth and :find water in the Niagaran dolomite six or -eight feet below the rock surface. Here, as at
Onslow, a sand mixed with small gravel and reaching a thickness of fifty or sixty feet occurs beneath glacial stony clays,
but, on account of difficulties in screening, wells are drilled
through it into rock and are cased to a few f.eet below the rock
surface.
Langworthy.-At Langworthy .(population, 100) shallow
wells in sand and gravel are about fifteen feet deep; dril1ed wells
range from 50 to 200 feet. Langworthy is on low ground on
the Iowan drift plain and ground water stands near the surface, heading two to ten feet below the curb in most wells, and
in one or two overflowing.
Monticello .-The city supply of Monticello (population, 2,043)
was originally from an artesian well drilled in 1875, which had a
depth of 1,198 feet and a diameter of eight to five inches. The
curb was 820 feet above sea level and the head forty feet below
the curb. The tested capacity, original, was 200 gallons a min
ute; about 1898, with a pump cylinder set forty-five feet below
the curb, it was twenty-five gallons a minute; and with air compressor working 200 feet below the curb it was 125 gal10ns a
minute. The well was abandoned in 1900. The strata penetrated are shown in the following table:
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Record of s'rata in Monticello well.
Pleistocene
(85 feet thick; top 820 feet above sea level) :
Drift _________________________________________________________________________________
'__
Silurian:

Nial~[g-~i~~l~~~~ b~80ff f~_~~_:~~~~~_~t_~~:__~~~_~_e_=:__~~_~~=_~_~~__~=~~~= ___ _

Dolomite,
in color than above, porous, sub-crystalline;_
, some chlighter
e rt __________________________________________________________________
Dolomite, gray; with chert ________________________________________________ _
Dolomite, bun:, hard, porous ______________________________________________ _
Ordovician:
Maquoketa shale (195 feet thick; top 555 feet above sea level)Shale, greenish, calcareous at 263 and 380_________________________________ _
Shale,
dark prown,
strongly bituminous, pyritiferous,
slightly
calcareous
_____________________________________________________
.! _____________ _
Shale, Jigh t greenish gray, magnesian ___________________________________ _
Galena dolomite and Platteville limestone (315 feet thick; top, 360
feet
above
level)Nos
am pIesea
________________________________________________________________________
_
Dolomite,
gray
and buff; much shale powder and foreign coarse_
quartz san d __________________________________________________________________

Depth in
feet
60
85
100
200
235

S80

420
460
460-550

550

Dolomi te and limestone, soft, whi te ______________________________________ _
615
Limestone,
nonmagnesian; in flaky chips; fossiliferous,_
rat h er soblue-gray,
f t ___________________________________________________________________
645
Saint Peter sandstone (25 feet thick; top, 45 feet above s'e a level)Sandstone, white, grains rounded, fine ____________________________________ _
775
Prairie du Chien stage (340 feet thick; top, 20 feet above sea level)800
Dolomite, as
cream
colored;
some ____________________________________
quartz sand, probably from________
above_
Dolomite;
above,
but darker
820
Dolom i te, I igh t gray ____________________________ _______________________________ _
920
Do I omi te, ligh t yellow _________________________________________________________ _
975
Sandstone, calciferous, or dolomite, highly arenaceous _______________ _
1,025
Dolomite, hard, siliceous, reddish buff ____ _______________________________ _
1,025
Sandstone,
drillings largely coarse quartz sand, im-_
perfectlyargillaceous;
rounded __________________________________________________________
1,040
Dolomi te, gray _________________________________________________________________ _
1,085
Cambrian:
.Jordan sandstone (58 feet penetrated; top 320 feet below sea level) ________ l,BO-l,198
~

In 1893 the supply was found insufficient for the needs, of the
town and a well 120 feet deep was drilled a short distance away
and connected with pumps. In 1895; 250 gallons (7) per minute could be pumped from the dual supply without lowe,ring
the water. A few years later the diminishing yield was increased by the use of an air lift which discharged from the
deep well 125 gallons per minute from a depth of 200 feet, but
this increase proved to be but temporary. The loss ·of capacity
was thought to be largely due to def.ective casing, but on attempting to recase the well it was found that the bore hole
was" crooked" and a four-inch pipe could not be driven below
400 feet. As the Maquoketa shale lies at about this depth it iF!
possible that the so-called crookedness was due to creep of the
thick body .of shale constricting the bore and diminishing its
capacity. It is reported that no casing had been placed in the
well below 105 feet.
In 1902 the municipality abandoned both wells, which wfe re
situated near the Chicago, Milwaukee & St. Paul Railway sta-
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tion, and found an abundant supply in a well sunk in the outskirts of town on the flood plain of Kitty creek near its junction with the Maquoketa. This well, supplying 250 gallons, per
minute, is eight inches in diameter and 219 feet deep. The
water heads but fifteen feet below the curb. The driller's log is
as follows:
Log of well at MonticelZo.

j 'rhiCkneSS
So i 1 _____________ ________ _____ ____ ___________________________________ ____________ _
Sand, water bearing ______________________________________________ ___________ _
Clay, blue, hard _______________ __________________________________ ___________ _
Gravel of white flint with some water _______________________________________ _
Limestone (Niagaran). water bearing ______________________________________ _

Feet
4
16
105
10
84

I.

Depth
Feet
4

20

125
135
219

The water is distributed from a res'ervoir under gravity
pressure of sixty-five pounds. For fire protection, direct pressure of eighty pounds is available. 'T he system comprises four
and one-half miles of mains, thirty-seven fire hydrants and 536
taps.
The depth of the well, the heavy imperVious blue clay, and
the casing which extends to rock, give assurance that with
due care in keeping the casings intact, thus excluding all water
III surface sands, the well will remain entirely safe as a city
supply, notwithstanding the low ground on which it is situated
and the increasing settlement of the area above it.
The yield from the Niagaran is exceptionally large at other
points in town; the capacity of the well of the Ohicago, Milwaukee & St. P::J.ul Railway, for example, which is sunk forty
feet in the Niagaran, is 100 gallons a minute; but the supply
near Kitty creek is especially large because of the broad deep
sag in the rock surface which underlies the valley. In this sag
the limestone is no doubt saturated with water supplied from
the higher rock on either side, and perhaps from a considerable
distance to the north and the south.
OZin.-Water at Olin (population, 659) is found in sands of
the ancient flood plain of Wapsipinicon river on which the
village is built, and in the underlying Niagaran dolomite, which

..
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is reached at different depths, in places somewhat more than
100 feet. Water rises within ten or fifteen feet of · the surface.
The town is supplied from an eight-inch well 272 feet deep.
Water was found in sand at twenty-five feet, and also in the
Niagaran, which was entered at 117 feet. Casing shuts out
. water above that of the limestone. Water stands at thirteen
. feet from the surface, and the capacity of the well is 100 gallons a minute. On pumping at this rate water lowers nine feet.
There is a pneumatic storage tank. The pressure is from fortyfive to eighty pounds. There are 6,400 feet of mains and sixteen hydrants.

Onslow.-Onslow (population, 207) is supplied by deep drilled
wells, some of which are sunk in the deposits filling an' ancient
buried valley (p. 519).
House wells find abundant water in the ' Niagaran just beneath the drift. R.ock is found at different depths from the surface, as the Iowan plain on which the town is built here overlies the sloping side of a buried valley. At the south end of
the village rock is fqund at eighty feet; 700 feet north the rock
floor has descended to 137 feet and 300 feet north to 206 feet.
In some of these wells as much as seventy feet ·of sand is found
beneath heavy glacial stony clays.
Oxford J'unction and Oxfm-d Mills.-The level plain adjacent
to Wapsipinicon river about Oxford Junction (population, 822),
and Oxford Mills (population, 233) is underlain by the
Niagaran dolomite, which-comes to the surface within the limits
. of the former town, but is cut with deep ancient channels of the
river. Thus in Oxford Mills rock occurs within four feet of the
surface at the schoolhouse, and a block away a house well enters rock at ,eleven feet.
Stone.-The village of Stone (population, 700), situated on
the blufftl of Wapsipinicon river, depends on drilled wells for
house supply. On the highest elevations wells ar'e 265 feet in
depth and water stands 190 feet from the surface.
Wyoming.-The waterworks of Wyoming (population, 733)
comprise a well 78 feet deep, a storage basin, and two miles of
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mains. Water is distributed by gravity and by direct pressure
of 55 pounds. There are 15 hydrants. The well is located in
the valley of Beaver creek and is ~u.nk 41 feet into the Niagaran
dolomite. An eight-inch casing is driven thr,ee feet into the
rock, but is not packed. The material penetrated above the
rock is river sand, deriving its water by percolation from the
surface.
It may be necessary in the future to prevent the ingress of
water liable to contamination by recasing the well to considerably greater depth and by very thorough packing. Water
stands within nine feet of the curb, and is not lowered by pUIIlpjng 100 gallons a minute.
Many house wells are used throughout the town. On the flat
land in the northern part rock is found at about the same depth
from the surface as at the city well. On the hills bordering' the
valley, house wells enter rock after passing through 70 feet of
glacial clays and obtain water in the Niagaran at depths of 90
and 100 feet below the surface.
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WELL DATA.

Information concerning typipal wells m Jones county is presented in the following table:
Typical wells in Jones Oounty .

.'
Owner

Source of
supply

Location
.c

Remarks:
(Logs given' in lleet)

Q.

'"

A

I

T. 86 N., R. 4 W.
(Castle Grove) .
P. Kehoe ____________ NW. i NW. ~ sec. 5__
T. Cashman _______ ___ NW. i sec. 8___ _ .. __ _
A . W. Cramer ________ SW. i NW. ~ sec. 14
Geo. Henderson ______ Sec . 19 ______________ _
D. W. Cunningham__ NE. 11 SW . 11 sec. 2L_
J. Lukken _________ __ SW. i SE . i sec. 25 __
J. M. Klng __________ SE. 11 SW. 11 sec. 29 __
N. Deischer___________ NW. · i ~'W. 11 sec. 2ll
C. Pheil ______________ NW.
NW. it sec. a2
N. Nichols -----------INW. i NW. ~ sec. 83
A. B. Harms _________ NW. 11 SW. 11 sec. 84
~

T. 86

N.,

R 3 W.

(Monticello) .

Feet Feet I
40
125
190
200
40
150
70
80
124
126
115
125
74
150
75
90
50
125
200 -----_

175

I

1 NE. i sec .
R. M. Hicks _________ _ NW. i NE. 1 sec.
R. A . R,yerson ______ . SE.

J

McNutt __________
Ii Sandhouse __ ____
P' Meycr _________ ~_
J: Jous.si ____________

~-'~-

NW. 11 NW. 11 sec. <W. 1! SW. 11 sec. "-NE. 11 NE. 11 sec. 'L_
NE . 11 SW. i see. 0 __

J. Mangold __________ SW. i NW. 11 sec. 8__
O. A . Scoatz ________ NE. i NE. 11 sec. 15_

95
180
85
Sf)

105
220

85
150

Limestone _____ Blue clay to rock_
__________________
Do.
Limestone _____ _
__________________ Ridge.
_______________ __ _

__ . _____________ __ Fairly level ground.

Limestone _____ _
____ do _________ _

.

__________________ All blue clay.

Sond ____________ Blue clay to sand.
Mostly blue clay; one
lO-foot stratum of
of sand.
10 Limestone _____ _
5 ____do _____ ____ ._

leo __________________

65

_________________ _

15 Limestone ------ River bottom.
20 ____ do
40 ____ do

----------Do.
----------. Hilly ground bock
from river.
15 ____ do --------___ River bottom.
10 Limestone ------ Across road from Rol20 ____ do ________ ___ ston well.

J. Voorhees ______ __ SE. 11 NE. 11 sec. 17_ ~ 100
Mrs. F erring ________ SW. i SW. 11 sec . l U 119 -----10
James Skelly ________ SW. 11 SE. i sec. ~2 _ 100
G . .d. Georgc ________ SE. 1 SE . i sec. 27 __ _ .100
70
P. Byerly ___________ lo.W. 11 NE.· 3: sec. ~\I. 150
50

Sand ------------ Dirt, 20; sand, W .
LiIIll!stone _____ _ River bottoms_
____ do ----------- Creek bottoms .
____ do ----------- Rock; yellow clay, 50.

T. 86 N., R . 2 W.
(Rlclllanrll.

J. F. Moore ________ _ SW. 11 SE . 11 sec. 5__
Diamond Creamery _ NW. ; NE. i sec. 19
Wm. Farragher ____ N. i SW. i sec. 19 __ _
T. Casper _______ : ___ SE. 1 SE. 1 sec. ~O__

401

M. Allen ___ __ _______ E. ~ SW. 11 sec. 20__ _
John 8hover _______ .. SE. 11 SE. 1 sec_ ~O __

219
100

~so

6<l
150

40 Limestone

_____ _

12 ____ do ___________ 80 gallons
40 ____ do _________ ._
20 __________________ Clay, 20;
2

25

per min!lte

limestonr,
365 ; shale, ]6.
Started In a spring.
__________________ Sand, 25.

_________________ _

T. 85 N., R 4 W.

(Cass) .

Mrs. Mayberry ___ ___
Norman Clark ______
Colton _______ ________
H. C. Thompson ___
P. Osborno _______ ___
JJ. H . Durrr,w _______
A. O. StlckIe _________

SW. i SE. ~ sec. L_ 185
SW. ~ NE . i sec . 2__ 280
SE . 11 f:,E. i sec. 3___ _
SF. . ~ sec 5 ___________ _ 200
37
NW. 11 NW. i sec. lLl leo
NW. 3: NE. 11 sec. 11 180
SF:. 1 NE. 11 ~ec. 15__ lSfi

170 . - ----------------- HiI!..

2eo

190

eo

Do .

140

180

161

__ ________________ Much blue clay In locality.
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Typical wells in Jones county.-Continued.

Source of
supply

Location

Owner

Remarks:
(Logs given in feet)

------~---+--------~Fm.e~e~t;I -T.F~e~et~------------i--------

J. J. Richards _______
GcoruG Ketcham _. __
P. Berryman ________
L. Hartman _____ ___
'1'. Foley ____________

SW. i NW. ~ sec. 20
SE. ~ NE. i sec. 22-_
N. ~ SW. ~ sec. 25___

54
144
200

BE. ~ BE. ~ ~ec. 28__
NW. l: NE. ~ sec. 26_

203
257

R. Batchellor _______ SE. l: NE. l: sec. 7__

130

17
93

_________________ _

]67

Rather low grotJDd_

240

Nearly 100 toot of
quicksand on rock.

107

'£. s.; N., R. 3 W.

(Wayne).

Lungwortt.y
ery.

OrtUH\'

Langworthy __________

H. Himebaugh ------ SE.

~

SW. l: sec. lll__

S. Woster --------- SE. l: SW . ; sec. 18_
H. M. Dirks __________ NW. i SW. l: sec. 20_

William Helgens ----- SW.
NW. l: sec. 22
A. G. Zimmerman ____ SW. l: SW. l: sec. 22
A. Balster ----------- NE. ~ SE. l: sec. 24_

Heads 11 feet above
curb .
Biue clay ,
100; sand, 30.
120
Flowing well; blue
100
clay and sand in alternate strata, 100;
rock with water, 20.
100 ______ Sand _____ __ _____ _ Yellow clay, 20; sand.
SO.

ISO

170

320

300

100

80

190 ----- ...

Sand and blue clay to
rock.
From 120 to 190 feet
sand; 8 well on same
section, 306 teet to
rock, has 100 teet of
sand.
------------------ Blue clay, 50; sand.
30; rock, 20.
Sand ------------- Blue clay, 100; sand,
90_
------------------ Blue clay with sand
streaks 6 and 8 fed
thick, 144; gravel,
hard clay, 40; rock.
1.
Limestono _____ _ Yel!ow clay, 20; llluc
clay, ISO; limestone
and shale in alternate layers about 5
feet thick. 35; Iimc"tone with water.
10.

185

184

H. S. HartT!'nn _____ __ NE. l: SW. l: sec. 2(, . 245

200

J. Cunningham ------ SE. l: iSE. l: sec. 27-

300

290 Gravel

Aug. Toenges -------- SW. ~ NE. l: sec. 2,
William Rilken ------ NE. l: SW. l: sec. 2D

20~

li5

420

415

328

320

A. B. Hungerford

--- NW.

~

SE. l: sec.

~O

Blue clay; sand and
gravel; gravel 30
feet thick on rock.
------------------ Drill dropped 12 Inches
in rock cavity.
Yellow clay.
... ---------- -- -- --- Ridge.
50; remainder sand
and blue clay to
rock.
--------------- --. Yel!ow clay, 30; blue
clay, 160; quicksand
witb water, 130;
limestone, 8.

G. E. Strawman ____ SW. 1. sec. 32_______ _

320

3:0

High ground_

J. Schron ____________ SE. l: NE. l: sec. 33 __

245

225

Yellow clay, 50; blue
clay and streaks (}!
sand 175.

Amker

225 ______ Gravel ___________ Yellow clay, 15; sane!.

Cr~amcry

_ ___ AmRer -----------.--

65; hard blue clay;
gravel.
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Typical wells in Jones Oounty-Continued.

Owner

Remarks:
(Logs given in feet)

Source of
supply

Locatiou

T. 85 N., H. 2 W.

I

(Scotch Grove).

Feet Feet
50
18 White flint ______ _ River bottoms.
170
9 Llmestono _____ _
31;;
24 _________________ _ Bluff.
Do.
280
16 ___ .. _______ .. __ .
Do.
213
210 _________________ _
Heads 11 feet bclow
curb.
A. G. Haukea ______ SW. i SW. i sec. 27 120 120 ------------- ----- Blue clay to rock.
Level ground.
J. Sutherland ----- SE. i SW. i sec. 28 240 235 ---------------- Much sand.
1'. Kahns ____________ SE. i NW.
sec. 2'J 110 100 ----------------- Blue clay to rock.

1'. E. Prelhllbls _____ SE. i NW. 1( sec. J1
A. O. I'relbllbis ---- NE.; NW.1( sec. ll(? )
David suthcrJand---- NW. i NW. i sec. 14
NE. ~ NE. i sec. 2~_
NW. i NE. i sec. 2[,

i sec. 31..

250

240

R. Livingston ------. NW. i NW. i sec. 33

280

260

S. Walworth ------- SW. i NE. i sec. 36_

111

100

398

391

311

311

R. Williamson ------ SE. ; NE.

G. Overly ____________ 9 miJes east of Center
.Tunctlon.
,Elmer Overly T------- 2 milrs east of Cente.
Junction.
Scotch Grove Orenm· Scotch Grove _______
ery.
R. GUlln _____________ SW. i SW. ; sec. 19

44

----------------- ... Sand and blue clay:

sand Qui c k san d
above g row I n g
coarse!
tow a r !i
l'ottc.m.
"Surface," 15; "hard·
pan," IS5; sand, 98:
clay. 12: rock, 20.
Low
ground
nellr
creek: henils 4 t~et
a hove ' curb. Blue
clay, 40: sand anJ
gravel. 45; clay I Iii;
rock, 11.

10 Soft Ilmestone.. _

130

123

Surface soil. hard
pan.
Rnnd.
oM
wood, 4; clay rock.

W. R. Ohntterton -- SE.

i SW. i sec.

20__

226

221

T. MacManus -------- NE.

i NE. i

21..

205

2

282
]56
130
115

150
20
2

--- -------- ---- --- ---- -- ---- -- ----. -- ---- ---- ---- ------- -- -------- ...

]65
124
131
215

139
123
80
83

... ---------- -- -- -- ... Mostly sand to rock.
-_ ...
----------- ---- -_ ... High ridge, nearly hll

~ec.

R. Raynor ___________ ~E. i SW. i sec. 23 __
'Carstens _____________ 'IW. i sec. 28 ___ '____ _
Onr _____ _________ "w. '\ ]\T¥" t src . ?P
Mrs. MncMasters ---- SW. i NW. i sec. 32

,"

100 feet "hardpan":
121 feet sand to
rock.
5· foot cre"fce full of
water with strong
current.

-_

T. 84 N., R. 4 W.
, (Fairview).

L. J. Adair__________ ~W. i
Wm. Bromley -------- ~B. i
'James ShonfJln -----. VW. i
'Robt. Lister ___ _____ .. '1W. ;

NE.
NE.
NE.
NE.

i
i
i
i

sec.
sec.
sec.
sec.

L_
2__
3__
5__

M. Wagener ________ "lW. ; sec. 9_______ J 175
A. Alspaugh _______ SW. i SW. i sec. ]5 Wi
Edward (1rlmm ______ NW. i N1':. ~ sec. 16 190
J, Joslin _____________ SW. :\ NW. i seC. 22 142
~r. Meeks ______________ ~W.
i NW. i sec. 2J J34
Allell Stone _________ NE. i SE. i sec. 25__ J88
T. Helt,erg ___________ NE. i NE. 'I; sec. n_ 152
J.. 1)umont ___________ SW. i SW. 1( sep. 29
.r. Underwood _______ RW. i NE. i sec. R3_
':laniel ,Joslyn ________ NE. i SE , i sec. 35 __

96
70
100

116
91

]00

... ------ -- -- ---- ---

... -- -------- -- --

yellow cIa', to rock .
--------------- --- Nearly all yellow clay
to rock.

------- -- -------_ ...
-----------------

70 -----------------.
52 ... ------ - - -- ---- -_ ...
142 --------------_ ... -128 Limestone .. ----- 60
40
51
86

..

to 90 feet clean
clay, "river sand.

... -- -------- ------ ...
... -- --------------... --

------------ -- ...
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TypicaZ wells in Jones County-Continued.

Source of
supply

Location

Owner

Remarks:
(Logs given in feet)

Feet Feet
T. 84 N., R. S W.
(Jackson).

Frank McNeely -. ____ SE. i SE. i sec. 1__ _

SOO

~89

P. eMshire ________ ._ SW. i SW. i sec. 3

290
260
270

200
130
262

170

144

W. Jobnson _________ NE. i NW. i sec. 4__
~lelvin Strawffian ____ NW. i NE. i sec. 5__

i

H. Mowery _________ NW. i SW.

sec. G_

J. L. BroWD _________ NE. 11 NE. i sec. 11 __
Frank Barly, Sr . _____ Sec. 12 --:---________ _

143 ______

213

205

Jobn McNeely ________ NE;. i NE. i sec. 12 __
_______ ... ____ Sec. 13 _______________

238
160

229
15S

Ben .fobnston _______ NE. i SE. i sec. !9__

112

85

T. 84 N., R. 2 W.
(Madison).
J. F. Brown__________ NE. i SW. i sec. 6_

245

Carlston Kettleson __ SW. i sec. 7__________

H22

OrE'~mery

~

M. O. Felton _________ SW. 1 ~ec. 11________ _
F. Baily ___________ Oenter of sec. 13 ____ _
J. V. Smitb_______ NE. i NE.

o.

i

s~c.

13__

Ridge. Heads 125 f:ect
below curb.
Sand and gravel Sand at 200 feet;.
much sand on ridge.
324
320 _________________ . Much sand.
190 ______ Gravel _________ _ Heads 177 feet below
curb.
132
"Surface," 15: . hard
135
blue clay, 25; simd
and
gravel,
10;
hardpan, 50; sand,
30; clay, 2; rock, S.

I

235
S17

J. S. BromweIL _____ YR. ~ NE. 11 HC. 29._
J.
FlDch ___________ NF.. ~ SE. ~ sec. 23 __
J. rh?mpSOn --------I~:W. i NE. i sec. 25.NIles ------------- ~W. i NW. i sec. 27

240

no

165

160

~3

20

E. Anderson ------ - NE. i NW. i sec . 29_

280

275

"!'.

Yellow clay, SO; stony
clay, 110; sand, 100;
cemented sand and
gravel, 22; rock, 8.
Blue clay; quicksand, .
SO; cemented gravel,
Gravel __________ _ 4; rock.
_________________ _
Top of ridge. Heads
198 feet helow curh.
AI! blue clay to rock.
Heads 115 feet below
curb.

240

BromwelL ___ NE. ~ NW. ! $ec. )7_
SE. ~ SE. i sec. !O__

"8.

Hea ds . 127 feet beloW'
curb, 100 feet quIcksand on rock.

211

230
S10

uSnrfvce ,." 10: yellow
clay and "hardpan":
clear
sand
Rnd
gravel 225. Not 60
feet
above
Bcar
creek.

~05

San<i and gravel to
rock. Creek bottom.

T. 84 N., R. 1 W.

(Wyoming).

J. 09rbit -----________
lsracl ~dwnrrts --.---J. F. llllen____________
J . Edward ___________
Peter Kegly --------J. W. Kegly _________

SE. ! NE. i sec. 5.'>ec. 11 _______________ _ 120
SW. i SW. i sec. 13 __ 116
E.
sec. 23 ________ _ 1fi?
Sec: 24 _______________ _
88
Sec. 24 _______________ _
~

170

80
30
f5
70
15
50

Mostly blue hardpan.

Hill.

T. 83 N., R. 4 \'1.

(Greenfield) •
Geo. Lamb ___________ NW. i SE.
}<'. B . Hakes _________ SE. i NW.

~

i

sec. L_
sec. 8__

214
y!

202
6F. [--------------______________ • __
____ AII rlay to rock.
Nearly all sand.
vine.

Ra-
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TypicaZ weZls in Jones Oounty-Continued .

.!o:

"e

E

Location

Owner

J. H. Armstrong •••• NW. ! NE. 1 ~ec. 5•.
Wru. Dreccts ••••.••••• NW. i NW. i sec. 6._

oSPo

.a

<l)

<l)

A

A

Rem arks:
(Logs given in feet)

Source of
supply

p.

Feet Feet

- .. --------------- .. Low ground.
_...... ---- ---- ---- --- Yellow clay. 20; hlue

86
86

53
80

100
132

99
132

(Rome).
Jane Gauser •... _.. _. NW. i SE. 11 sec. 6 __
R. J. Boots•....• __ ._. NE. 1 NE. i sec. 7••

216
131

195

H. P. Farnham • ____ SW. 1 NW. i sec. 8._
1 sec. 10.

159
210

158
80

--- -- -- ---- ---- --- Water heard running
in vein.
------------- -- ... -_..- ---- - .. ------ -_ .. Soil. 4; yellow clay,

1 SW. i sec. 13.•
SW. i SW. i sec. 14

60
76

12
50

--------------- ------------------- First rock hard gray

_
Thrapp ..• "._._•• NW. i SW. i sec. 17••
W . R. Vernon._ ...•• SW. 1 NW. i sec. 25

61
179

32
70

.. -- ---- ---- -- .. -

J. Rummel •...• _ •••• SW, i SW. i sec. 86

78

36

------------- -- .. -- Heads

Murray Brothers •••• SE. ; SW. i sec. L._
11. Sherman ••• ---I~;V· 1 NW. 1 sec. 7••
Rallnlgartner .... ,~:V. 1 SW. 1 sec. 13._
P. W. MltchelL.....•• SF:. 1 SE. i sec. 16••
W. & L. Glick•.....•• SW. 1 SW. 1 sec. ~o. _

200
45
160
163
72

70
20
70
100

B. Meyers ..••.•••••. _ SW. i NE. i sec. 24..
G. A. Phillips......•• NW. i NW. i sec. t7

160
150

70

l NW. 1 sec. 10
Peter Duncan ._ .•... _ NE. 1 SW. i sec. 12••

A. D. MacCanahy ••• _ NE.

...... ---------_ ........... _--- -- -- ------ -- -_ ..

clay to rock.

T . 83 N., R. 3 W.

S. Strong •.. __ ••• _•• SE. i NW.

B. A. Jeftrles ..•.••... SE.

95

--------------- ._-

71; no blue Clay.

----- -- -- ---- -- -_ ..

-_ ..

flint underlain with
soft porous lilflcstone.
Plenty 0:
water.

Heads 59 feet below
curb.
48 feet below
curb.

T. 83 N .• R. 2 W.
(Hall).

26
145

----------------- -

--------------- ----------------- ---

-----------------.

----------- ------- Heads 30 feet below

curb.

--- -- ---------- ------ .--------- ---
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LINN COUNTY.

BY W. H. NORTON.

TOPOGRAPHY.

The salient topographic features of Linn county ar,e two
long belts of dissected upland, consisting of loess and Kansan
drift, coincident in the main with the courses of Cedar and
Wapsipinicon rivers and hence traversing the county diagonally from northwest to southeast. These ridges rise 60 to ioo
feet above the bordering drift · plains and as much as 200 feet.
above the streams which cleave them. In places they close in
on the rivers from 'e ither side and leave but narrow rock-bound
.gorges for the pathways of the streams, and for long stretches
they draw back, leaving space for alluvial plains one to two
miles wide. Here and there the upland disappears ~n one or
both sides of the rivers and the Iowan drift plain comes down
to the immediate valley of the stream.
The :r;emainder of the county is occupied by the plain of
Iowan drift. To the north of the Kansan upland bordering
the Wapsipinicon lies. a drift prairie, the only village upon it
within the limits of the county being fitly named Prairieburg.
To the south of the upland of Cedar river is an ar,ea of Iowan
drift prairie fluted with numerous loess-capped elliptical hills,
called paha, which rise in places as much as 120 feet above the
adjacent str,eamways and whose major axes bear northwest
and southeast. The surface is here further diversified by the
wide and ancient channel now held by Prairie creek. Fairfax
and Ely are the villages of this area.
Between the two river ridges lies a broad plain of Iowan
drift, on which are built Walker, Center Point, Marion, Springville, Mount Vernon, Lisbon, and several villages. The vall-eys
of a number of southward-flowing creeks trench the prairie to
a depth of from 40 to 60 feet. Paha are generally absent from
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the 'area except about its margins. Southeast of Springville,
however, the plain is divided by a belt of hilly country with
pahoid crests, leaving on either side an undulating prairie three
or four miles wide. '
GEOLOGY.

The uplands of the county are mantled, in 'SOme places to a
depth of 40 feet, with loess, a yellow silt distinguished by the
driller from the yellow stony clays beneath by its freedom from
pebbles and by its darker and duller tint. The Iowan drift,
which cover·s the prairies with its brownish pebbly sallds and
light yellow till, is too thin to be of importance in this inquiry.
The Kansan drift sheet underl~es the entire county. 'To it
belong most of the blue and yeUow stony clays which the driller
finds everywhere. In places the Nebraskan drift is indicated
by a dark till, separated from the overlying Kansan by old soils
(Mtonian).
In the eastern part of the county the drift rests on the
Niagaran dolomite-a coarsely granular, crystalline, buff or
blue-gray dolomite-which presents two phases. The first, the
so-called "lime rock," seen at Viola and at the palisades near
Mount Vernon, occurs in massive lenses 80 feet thick, almost
destitute of structure planes, and also in highly tilted layers
which afford easy descent for ground waters. The second
phase, a buff, granular, finely laminated stone, is used extensively as a building stone; the strata :a,r e approximately horizontal and the joints and numerous , bedding planes and porous
layers offer ready passageways for the water.
In the central and western parts of the' county (PI. XI) the
drift rests on strata of Devonian ag~, of which two formations
have been distinguished. The upper, a y,ellow limestone,
in places highly fossiliferous, is known as the Cedar Valley
limestone. 'The lower is an assemblage of strata, chiefly limestones, called the Wapsipinicon limestone, which includes a
number of members to which names have been given by the
Iowa State Survey from places of outcrop in this or adjoining
counties. At the base ·of the Wapsipinicon is · a soft, granular
magnesian limestone (Coggon beds of Iowa Sur,vey) somewhat
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. resembling the Niagaran on which it r·ests. Next in ascending
order is a variable brown or drab limestone, in places flinty
(Otis beds of Iowa Survey), succeeded by a series of shales and
shaly limestones, normally blue but locally black with carbonaceous content, and even containing thin discontinuous seams
of coal, to which the Iowa State Survey has given the name Kenwood beds but which are considered as the ,e quivalent of the
Independence shale member of Buchanan county.
In the latter beds much flint is contained in concretionary
masses. Upon them lies a heavy bed of broken or brecciated
limestone made up of angular fragments (the Upper Davenport and Lower Davenport beds of the Iowa Survey), which
may even embrace some of the underlying beds and in places
include some of the lower beds of the overlying Cedar Valley
limestone. In small areas in the county the bedrock is a sandstone or coaly shale belonging to the Pennsylvanian series.
The limestones of the Devonian are exoeptionally soluble because of their slight magnesian content, and contain many
water passages and some crevices where the drill drops slightly
and in which running water is found. As the "Kenwood beds"
(Independence shale member) arre more or less clayey, they
serve to arrest the descent of ground water and to impound it
within the overlying limestones as in a r·eservoir. In Otter
Creek, Washington, Spring Grove, and Fayette townships
drillers report beds of "soapstone" which are referable to the
Independence member.
UNDERGROUND WATER.
SOURCE AND DISTRIBUTION.

On the broad flood plain of Cedar river open and driven
wells 1'5 to ~O feet deep obtain an abundant supply of water in
river-laid sands and gravels.
About the margin of the Iowan drift the loess graduates
downward by inter stratification into yellow sands, which furnish small supplies for house and farm wells in the areas bordering paha hills and the Kansan upland, and in some of the
towns 'of the county bring ground water into the cellars of
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.houses located on the- flanks of loess-capped hills. The lower
portion of the loess, which is in many places gray or ashen in
color, may become so saturated with water as to form a quicksand in railway cuts and other excavations, and may afford a
scanty and inconstant .s upply for shallow wells. 1J!he loess and
its basal sands are poor aquifers. The loess is thick upon the
summits of the uplands and of the paha hills; but these uplands
are deeply dissected and water readily drains out, leaving
little stored for the supply of wells; and where the land is low
and comparatively level, the loess is either so thin as to be negligible, or is wholly wanting. Wells sunk in loess should, if
possible, be located wher,e the subsurface seepage follows along
channels cut in the Kansan drift, as, for example, near the foot
of a large ravine or where several ravines converg,e.
Beds of sand and gravel occur in the drift clays and may
separate the upper weathered zone of yellow stony clay from the
blue unweathered till beneath. The sands immediately beneath
the yellow tills may yield small supplies of water, but as a rule
·wells are compelled to seek deeper aquifers, which may occur
in sands and gravels (Aftonian) lying beneath the Kansan drift
sheet, in lenses of sand in either of the older drifts, or in gra.vels
lying on bedrock. The gravels above bedrock are in some places
found oxidized and even cemented to a hardpan through the
sleepage of water, while the overlying till retains its normal
bluish color.
On the Iowan drift plain ground water stands high wherever
porous beds capable of storing and transmitting water are
found near the surface, but even here impervious thick beds of
stony clay may force the owners of wells to drill deep to find
water in adequate amounts in interglacial and preglacial sands
or in the rock. On the uplands of loess and Kansan drift in
the immediate vicinity of the rivers and creeks the groundwater surface approa,ches the level of its outlets at the water
level of the streams, and wells are necessarily deep.
In general, all these Pleistocene beds have been decreasing in
value as water bearers, owing both to the progressive lowering
of grqund water since the settlement of the country and to the
continued increase in the drafts upon them.
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Old soils and accumulations of wood which affect the quality
of well water are reported from some wells, but are relatively
so few that they do not seem referable to any special horizon.
Thus, in sections 10 and 11 of Washington township dug wells
encounter at about 60 feet from the bottom deposits of
driftwood with some logs said to show marks of beaver cutting. '
The forest bed here occurs beneath blue clay which extends upward to within a few feet 'of the surface, yellow till being absent.
The Niagaran dolomite is one Of the chief aquifers of the
county. The towns of Mount Vernon and Lisbon draw from it
their town supply, and farm wells tap it ov'e r all the e~stern
townships of the county. The formation measures more than
300 feet in thickness and rests upon the thick and impervious
Maquoketa shale which effectually prevents any leakage of
ground water downward. In the central and western parts of the
county the westward dip of the Niagaran carries it beneath
overlying Devonian strata along a sinuous line extending south
from Coggon to near Bertram, and the formation carries with
it the ground water received on its broad area of outcrop. The
lower argillaceous beds of the Devonian here to a large extent
prevent upward leakage from the artesian pressure to 'which
the water of the Niagaran is subjected. Wells sunk into the
Niagaran in the central and western townships of the county
have fair prospects of obtaining a bountiful supply of water,
although in this, as in all other limestone formations, it is never
certain that the drill will strike one of the water channels of the'
rock.
BURIED CHANNELS.

Some exceptionally deep wells in drift indicate ancient channels excavated in rock in interglacial or preglacial times and
later filled with deposits of ground moraine or outwash sands.
Thus a belt of "deep country" where a number of wells in drift
exceed 275 and 300 feet in depth extends north from Prairieburg to the Delaware county line, embracing sections 2, 10, 11,
15, 22, and 28 0'£ Bowlder township. 'T his channel is probably
a continuation of that of western Jones county. In several
places farm wells have disclosed such buried channels whiGh
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cannot be traced across. the country with the little data at hand.
Thus three miles west of Mount Vernon (SE. 1M SE. 1M sec. 12,
T. 82 N., R. 6 W.) the following well section is reported. It
will be noticed that the depth at which rock was reached is 110
feet below low water in the Cedar river and nearly 100 feet
below its rock-cut bed;
Section of wen :1 miles west of Mount Vernon.

r ThIckness 'I Dtpth
- - .- -- - - - - - - - -- - - -- . ------7---;:;l·e~et;::---:-·F;;::ee::;:t
Olay, yellow ______________________________________________________________ _
14
U
Olay. hard, blue, pebbly____________________________ .. ____________________ _
6~
4B
Soil, dark, and wood. ____________________ . _______ .______ __________________ _
68
CI
Olay, blue, stony ____________________________..__________________________ I
184
66
Sand and gravel _________________________________________________ . . _.
142
8
Olay. blue. stony ________________________________________ . .. ___________ . ____
205
6S
River sand to rock ____________________________________ __ ___________. _.
211
6

In the northern part of the county (NW. % sec. 17, T. 86,
R. 6) another buried channel shows the following section:
Section of welZ in northern part of Linn county.

I

ThIckness

Soil and clay, yellow, pebbly_______________________________________________..
Sand, yellow ____________________ . ______________________________________ ..
Olay, blue;
trom hard to soft every few teet ___________________ ._
Sand.
fine, changeable
whIte ______________________________________________________
Sand, coarser, wfth wood __________________________________________________ _
Gravel, coarse ________________________________________________________ _

I

Depth
Feet

'Ft!ilt
1~

4

190
1~

12

8

19
23
213
226
238
241

In towns, house wells are so closely spaced that even narrow
gorges cut in rock can be discovered and traced. At Lisbon,
where the rock outcrops or is found within 6 to 24 feet of the
surface, a gorge half a mile long, 115 feet deep, and about 18
rods wide extends through the town. The drift, which completely fills. this ancient channel, leaving no surface indication
of it, consists of y,ellow and blue clays with some beds of gravel.
At Central City an old channel of Wapsipinicon river is disclosed by wells on the east side of the village. It is separated
from the present channel by a rocky elevation that comes within
a' very ,few feet of the surface of the low plain on which the
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village stands. The channel, which is filled with 'y,ellow sand, is
96 feet deep, or 60 feet below water in the river.
In Cedar Rapids, on 't he west side of the river, a. buried chanllel 60 feet deep extends parallel to the river and separated from
the present rock-cut bed of the stream by limestone rising
nearly to the level of the low, broad flood plain on which this
portion of the city is built.
SPRINGS.

No marked spring horizons are found in Linn county, for in
it there are no outcropping plan'es of contact of limestones with
underlying thick and persistent shales. The most important
springs are those which form the main supply of the town of
Marion. (Pp. 125, 543.) Other springs rise from the Devonian
along its outcrops on the valley sides of Cedar river north of
Cedar ' Rapids, and still others along the Wapsipinicon from
Central City to Troy Mills, but few, if any, are strong enough
to yield a stream of any size.
Springs from the Niagaran are found in many localities over
the outcrop of that formation. Thus the springs in Spring Hollow, at the summer resort of the Palisades .of Cedar river, rise
from the base of cliffs of the Niagaran. A large spring from
the same formation is that of Granger, on Wapsipinicon river,
two miles northwest of Central City. 'The large spring whicb
supplies Lisbon may in part draw its waters from the Niagaran.
Small springs and seepages occur in large numbers where
the valleys transect the porous sands and graV1els of the drift.
I

CITY AND VILLAGE SUPPLIES.

Cedar Rapids.-The public supply of Cedar, Rapids (population, 32,811) is drawn from Cedar river and from three artesian ,wells located 100 to 200 feet apart at the apices. of a triangle. (See PI. XI.) The total capacity of the works is 10,000,000 gallons daily and the consumption is 2,500,000 gallons.
The domestic pressure is 60 pounds and the fire pressure 130
pounds. There are 53 miles of mains, 4,200 taps, and 310 fire
hydrants. The wells are described as follows:
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'T he waterworks well No.1 has a depth of 2,225 £eet and a
diameter of fi"ye inches. The curb is 733 feet above sea level.
The original head was 28 feet above the curb and the original
discharge 250 gallons a minute; the present head is two feet
above the curb and the present discharge 150 gallons a minute.
First water was from 85 feet and first flow from 1,050 ' feet;
water was also found at 1,300 to 1,450 feet and at 2,000 feet.
The well was completed in 1888 at a cost of $6,065 by J. P.
Miller & Company, of Chicago. Corroded casing was drawn in
1893. In 1894 the well was reamed to eight inches to a depth
of 1,450 feet and plugged there to shut off a lower salty and
corrosive water; no increase in flow resulted.
The following record ,of strata is based on only 25 samples,
and its accuracy is, therdore, open to question:
Record of strata

01

waterworks well No.1, at Oedar Rapid, (Pl. XI.)

----------------------.-----------------

ITblckness I
Feet

i1~:!~:;;'e ,-jigh-t--b;;ft~-;-;;tbe~-soft~-m-;;gOesian;--iiii.d-gr8Y;-Ven-ba~d-,--~on.:
magnesian, compact;

T ~iml'l;:t

~nm.,,"h.t

!rll gmenta l In structure _______________ _

f'lnp, grRV. Sn8TTY. snhcrystaJhne_____________________ ... ______________ _

Limestone, moderately bard, U"ht butt. ma"npslan _____________________ __ _
Dolomite, pink. minutely vesicular, subcrystallfne______ ____ ____________ ___ _
Dolomite. bri"bt buff, porous _______________________ ______________________ _
DolomIte, hArd, lI"ht gray, pOTOU~------------------------------------------Dolomite, light yellow: coarser gralDen than tbat a.bove ___________ ________ _
Dolomite, bard, ligbt gray. subcrystallfne: some wblte cberL ____ _________ _
Dolomite, yellowish: like above but softer _______________________ ___________ _
Shale. fine, blnish green, calcareous, magneslan ___ . _________________________ _
Limestone, magnesian and nonmagneslan ______ ____ __________ ____________ __
Shale ___________________________ ___________________________ --_______________ _
Sandstone, slightly bluisb or greenIsh gray: grains of quartz rounded:
considerable calcareous powder; some gray sbale ___ ________ ____________ __ _
Shale, dark colored ________________________________ __ _______________________ _
Sandstone: cleAn. white grains , rounded and somewbat uniform in ' size __ __
Do)omlte,
gray,
rather
bard, arenaceous, fine-textured;
much finely_
laminatedlight
grern
sha le
__________________________
___________________
DOlomIte, ' gray: \\"lth chert , wh't •. Anrt 0I1Art70.e "."r! _. .... _._ ... ______
Sonrlstone: fin e, white, rounded graIns with mucb finely comminuted quartz
and many smaller angular fragments of wblte dolomlte.. __________________ _
SAnd.tn"e . flnp. )"pllowi.h, water bearing __________________________ _
8and!tone , wltb @lIght onmf .... ture of eOI~ar'ou, t'owrler ___________________ .
Shale, tougb and bard; small amount of very fine sflfceous particles and .
snmp rtolomfte _________________ . _______ ___ _____ _______________

0

___ •

__ ___ _

Sanitstone;
Ugbt,
reddlsb
grains largely angular:. _________________
some with rrystelllne
farpts _____
. _______
. ________________________________
____ _
!>anrtstone, cre. m. colored, very fine·gralned ___ ______________________________ _
Quartzite, reddlsb brown; grains angular; rock drflled with great difficulty

Deptb
Feet

10

10

40
85

IiO
185
176
240
800

40

65

60
BO

eo

!5
46
!OO
!95
&

S!l()

850
876 ·
420
620
916
920

65
1
60

1,036

114
!70

1,150
1,420

M

1,608

42
140

l, fi!iO

luO

965

986

1,690
I,7£r

]60

l.Pli()

ZOO
75

2,160
2,225

The waterworks well No. 2 has a depth of 1,450 feet and a
diameter of five inches; cased to 85 feet. The curb is 733 feet
above sea level. The original head was 28 feet above the curb;
:present head, two feet above the cu'rb. The original discharge
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was 250 gallons a minute; present discharge, 150 gallons a
minute,. Water comes from depths of 485 feet, 1,050 feet, and
1,300 to 1,450 feet. Temperature, 62° F. The well was completed in 1888, at a cost of $3,205, by J. P. Miller & Company,
of Chicago.
Waterworks well No.3 is of the same dimensions as well No.
2. It is not now used.
The Young Men's Christian Association well has a depth of
1,462 feet and a diameter of five inches. The curb is 733 feet
above sea level and the originai head is 2% feet above the curb.
It was at first cased to a depth of 1,372 feet, but as a large part
of the flow was thus shut off the casing was drawn and the well
left cased to 85 feet. The well was completed in 1894 by A. K.
Wallen, of Ottawa, Illinois.
The following record of strata is based on a large number or
drillings taken at frequent intervals. Unfortunately, samples
were not saved for the first 90 feet, within which space the drill
must have passed through the lowest beds of the Devonian
. system.
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Record of strata of Young Men's Ohristian Association well at Oedar Rapids.

IThlckne.· (

"olltll

-------------------------------------------T---Devonian
(95 fcet ________________
thick; tOD, 733._______________________
feet above sea level):
No samples
________________________
Nonmagneslan limestone, dark. slate-colored. In chips, argfllaceous,
hard , compact. suhconchoidal fracture. pyritiferous, showing junco
tion surfaces with green clay; smaller cblDS of ligllt buff magnesian
limestone, not porous, earthy luster; green clay______________________
SfJurlan:
- Nlag"r"n nnlomite (349 feet tbick: top, 688 feet above sea level)Magnesian limestone, or dolomite, ligbt buff; slightly vesicular,
earthy luster: samples at 95, 105, 115 feet__________________________
Dolomites. huff. pinkish and gray; mostly vesicular, subcrystallfne
and suhtranslucent; 17 samples_______________________________________
Ordovician:
Maouoketa shale (276 feet thick: toP. 289 feet above sea level)Dolomite, hard , gray, argillaceous: with argillaceous powder______
Sbale,
l' lulsb:
Intercalated limestones at 525, 565 and 595 feet; 7
samples
______________________________________________________________
Galena dolomite to Platteville limestone (305 feet thick; top, 13 feet
ahove sea level1Dolomites, rough, hard: 6 samples___________________________________
Limestones, magnesian, some cberty; 8 samples_____________________
J ;",oot"n o .: hri.J-Iv cffprve.cent. ea rtby; In flaky chips: bluish gray
Shale and limestone, brown, petroliferous____________________________
Shale, blue _____________________________________________________________
Lin'1···onp
rln'.h
In flaky cblps; briskly efferveseent; samples
at 990 ann]
,000 gray;
feet __________________________________________________
Saint Peter san(]stone (20 fret thick: top, 292 feet below sea level)Sandstone: of clean, wblte quartz sand: grains roundE<' and ground
Prairie fI" (,hipn stage (355 feet thick: top, 812 feet below sea level)Shakopee dolomite (125 feet tbick)Dolomite,
gray, __
cberty;
samples at 1,045,
1,080, 1,100 and 1,115..
feet ___________
________________________
_________________________
Dolomite,
in fine buff dolomite Ilowder with some
quartzosearennceous;
grains ________________________________________________

90

90

5

95

25

120

824

444

6
270

450
720

65
135
15
]5
40

785
920
935
950
990

35

1,025

20

1,045

85

1,180

40

1,170

New Richmond sannstone (55 feet thick)Sandstone;
In fine,3 light
yellow
quartz sand of angular grains;
_______________________________________
55
some dolomite;
samples
Oneota dolomiteDolomite, gray; 12 samples; at 1,240 and 1,380 feet , arenaceous__ ____________
Oambrlan:
Jordan sandstone (62 feet penetrated; toP. 667 feet below sea level)Sandstone, clean white Quartz sand similar to the Saint Peter, but
coarser; 4 samIlles; at 1,435 feet, slfghtly calciferous______________ ___________

1,225
1,400
1,462

This section indicates that the lower strata of water-works
well No.1 may be correlated as follows:
Saint Lawrence formation, 1,462 (1) to 1,790 feet; earlier
Cambrian, 1,790 to 2,150 feet; Algonkian 0) quartzite, 2,150
to 2,225 feet.
A number of moderately deep wells, such as those of the gas
company, the starch works, and the Montrose Hotel, draw an
excellent supply of water from the Niagaran. The well at
Montrose Hotel is eight inches in diameter and 235 feet deep.
Water heads 11 feet below the curb and can be lowered but
seven feet by pumping. The well is cased to rock about 30 feet
below the level of the street. . An older well, 95 feet deep,
yielded a wholly insufficient supply.
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Central City.-At Central City (population, 558) the Saint
Peter sandstone will be found at about 75 feet above sea level
or 912 feet below the surface. Possibly this sandstone, together with the water of such veins as might be struck in the
Niagaran and Galena, would furnish a supply ample for the
town at present. Otherwise the well should be sunk about 400
feet deeper, or to a total depth of about 1,300 feet.
Coggon.-Water is supplied to Coggon (population, 471) by a
well and pumped to an elevated tank aff.ording a gravity pres- sure of 43 pounds. There are 3,000 feet 'of mains and ninehydrants.
Lisbon.-At Lisbon (population, 848) a spring whose water
issues from Niagaran dolomite, near the head of a ravine in
the northwestern part of town, is pumped to a standpipe. The
domestic pressure is 45 pounds and the fire pressure 100 pounds.
i
There are 16 hydrants and 1Y2 miles of mains.
Marion.-Water for Marion (population, 4,400) is obtained
from four large springs, supplemented for fire protection by
water from Indian creek. Four springs-the Bowman, Lower
Bowman, Davis, and Riley-are inclosed in stone reservoirs .
with roofed superstructures and screened openings. They flow
3,000,000 gallons a day from near the base of the Wapsipinicon
limestone. The pressure is direct, the domestic being 60 pounds
and the fire pressure from 80 to 120 pounds. There are 15
miles of mains, 73 hydrants, and 1,000 taps. The supply from
the springs far exceeds the maximum daily consumption.
The records of the Oedar Rapids deep wells indicate approximately the prospects for such wells at Marion. Allowing for the
difference in elevation and the dip of the strata, a well about:
1,500 feet deep would obtain water which would not £low, ~ut
which should rise nearly to the surface.
Mount Vernon.-The water supply of Mount Vernon (population, 1,532) is drawn from a well 328 feet deep, ending near
the base of the Niagaran dolomite. (See PI. XI.) The yield.
is augmented from surface gravels whose waters are admitted.'
to the well, so that pumping draws the water down in adjacent-.
shallow wells.
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The well entered rock at 10 feet and the principal supply is
said to have been found at 160 feet. Water rises within six feet
of the curb. The ·water is distributed under direct pressure
and from a standpipe; the pressur,e varies, according to location, from 45 to 80 pounds. There are 2% miles of mains, 42
hydrants, and 275 taps. The COllsumption is estimated at 25,000
gallons daily.
A statement of the artesian conditions at Mount Vernon was
prepared by W. H. Norton sev,e ral years ago, when the city
waterworks were built, hl;lt was not acted on, as the supply
obtained by the city well was considered sufficient. The advisability of a deep well has been again raised, however, as a supI,ly for Cornell College and especially for a swimming pool for
the new gymnasium.
At Mount Vernon (elevation, 843 feet) the drill will find below the country rock (Niagaran) 250 feet or more of a dry shale
-the Maquoketa. This shale rests on a series of dolomites and
ljmestones with some shales, aggregating 300 feet or more in
thickness and known as the Galena dolomite, Decorah shale;
and PlatteviI1e limestone. The Saint Peter sandstone will be
struck somewhere between 100 and 250 feet below sea level, the
exact position being doubtful because of the strong upwarp of
the strata whose axis probably lies east of the town. (PI. XI.)
It is probable that the effect of the uplift extends as far west
as Mount Vernon, and the Saint Peter is expected to occur
nearer the first-mentiJOned than the last-mentioned depth.
The water from the Saint Peter and such as may be found in
the superior limestones may be found adequate for the college
needs. The water will be of good quality and should rise within
50 to 100 feet of the level of the surface at the railway station.
A deep well for city supply shouid be drilled to a aepth of 400
or 500 feet below the Saint Peter sandstone to obtain the much
greater yields of the water-bearing strata underlying that terrane. To tap the Prairie du Chien and Jordan aquifers, a well
need not exceed 1,600 feet in depth, and a depth of 1,400 fe.et
would probably suffice if the Saint Peter lies as high as there is
some reason to suppose. The well should be so located as to
avoid all ground-water drainage lines passing through the town

•
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through surface sands and gravels: and should be so cased as
to absolutely exclude such waters.
Springville.-The water supply of Springville (population;
588) is 'drawn 'f rom a well of which no report has been obtained.
The gravity pressure from standpipe is 62 pounds and the
direct fire pressure is 120 pounds. There are nine hydrants and
one mile of mains.
Walker.-Artesian wells at Walker (population, 517) should
find the Saint Peter sandstone about 965 feet below the surface
or 75 feet below sea level. From 540 to 310 feet above sea level
(350 to 580 feet below the surface) the drill would pass through
dry shales (Maquoketa) which should be cased. Water would
probably be found in small quantities in the Devonian and
Silurian limestones, which overlie these shales, and in the Galena and Platteville limestones which underlie them. Probably sufficient water could be found in the Saint Peter for the
present needs of the town, but if not, the well should be carried
to about 1,400 feet below the surface to tap the large stores of
the Prairie du Ohien stage and the Jordan sandstone.
, The water will not flow at the surface, as the head in the Saint
Peter sandstone can hardly be higher than 100 feet below the surface. The upper limestone waters will probably rise higher.
Minor s1~pplies .-Details of water supplies of minor towns
and villages are given in the following table:
Village su.pplies in Linn County.

...<>

-:.I!;
Town

Nature of Supply

35

0

.£

,c

:5!'C
.,,<>
<>,c

'C,c
...
<>"

~

Alburnett ________________
Bertram ________ ________
Oenter Point ____________
Ely _____________________
Fairia" ___________________
Norway ___________
Paralta ________________
Prairieburg _______________
Palo _____________________
Springville _______________
Viola _____________________

I!;

a;

"'

~o

Feet
Feet
Feet _
Drilled wells ________________________
55-](10 __________
,__________
Drllled and driven wells______________
23-124 ____________
12-75
Drllled wells _________________________
15-175
15-130
3(}- 50
Open, drilled and driven wells______
17- 48
20
10+
No report ___________________________ ______ 1 _____ ______________________ _
Drilled wells _______ _________________
150-400 ___ ___________________ _
Wells and clsterns____________________
25- 50
100
1(}-95
Drilled wells _____________
13-140 ___________
3-100
Driven wells ___________ _______________
' 18- 24
20 ___________ _
No report ______________________________________________________________ _
Drilled wells and clsterns____________
3(}- 85 ____________
20
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The following table gives data, largely gather,ed by the late
Dr. Martin J. lorns, of the Department of Agriculture, of typical wells in Linn county:

wens

in Linn Oount1/.

'"'
.8

'0"'

'"'

"

,fl",

.0"

.0

s;.

.0

'"

",.0
1>'"'

,fl

.0<>

~

'"

~

."I

"0

Owner

Location

T. B6 N., R. 6 W.
(Bowlder).
T. Cushman ____ BE. i SE. i sec. 1
A. McDonald ____ SE. i sec. 4____ _
L. McEvoy ______ SE. i NW. ~ sec.

s;.

'"

Feet
160

Feet
160

160
160

160
159

4.

E. C. Bebb______ SE. i SE. i sec. 8
D. Carr ________ NE. i NE. ~ sec.
9.

45
170

D. Hennessy_____ _ SE. ~ SE. i sec.
160
10.
S. McAleer ._____ _ SW. i SW. i sec.
160
12.
NW.
sec. lL __________ _
D. Hennessy
Oreamery.
W. McAleer ____ _ NE. ~ NE. ~ sec.
130
~

IS.

C. LeClaire _____ _ NW. i sec.
W. G. Zimmerman SE. i NW.
15.
W. McEvoy _____ _ NW. ~ NE.
17.
J. W. Braselton__ SE. i SW.
17.
P. McMartln ____ _ NW. i NE .
20.
E. BerJlngham __ _ SW. i SW.
21.
G. Cowan _______ _ NW. i sec.

14 ___ _
i sec.

160
160

sec.

60

~

sec.

95

~

sec.

180

J. I. Henderson__ SW . i nec. 24. __
T. Shaffer ______ _ NF.. ~ NE. i sec
2.3.
J. Plower ____ _ SW. i SW. i sec.
1\. Kula _________ _ 25.
NW. 11 NW. ! sec.
26.

150
80

~

NW. 11 sec.

,,-

Remarks:
(Logs given in
feet)

",'"

:q.o

Fee t
155 Sand on
rock.

Feet

======= LIIDiliitone= -=60-

All yellow and blue
clay; no sand.
20 -------- ---------- ----150 ------- ILlmestone. ---- All clay; 10 feet
red sticky clay
(geest) on rock.
160 ------- ---------- ---- ..

I

126 !sandstone_____ _
S08

ISO

160
160
40 _______ Limestone. -40 Trace of red geest
on rock.
95 ____ ____ Sand _____ -15 Quicksand S5 feet
deep to rock.
100 ________ Gravel________ All gravel to rock.

80S _______ _

P. H. Ryan ______ SE. 11 NE. 11 sec.
2S.
M. A. Leonard __ SE. ~ SE. 11 sec .
2S.
O. Rundall _______ SW. ~ SW. i SM
2S.

F. Valanta ________ SW.
27.

"!!o

",0

145

i sec. --_____ _
2S __ _

-.,.
"'"
~'"

0"

Source of
supply

313
240

276 Sand ______ -lOS 8-foot sand bed,
at depth of 25
feet;
consld~r
able water from
276 to S08. Sand
and gravel with
water.
180 • _______ On rock __ • ____ _
31S ______________________ _

240 _______________ _______ From 220 to 230,
"soluble"
blue
clay.
150 _______ . On rocL. ____ _
80 ________ On rock _____ _

195 Limestone_____ _
195
185
165 ______________ Sand and _____ Yellow and blue
gravel.
clays, 150; sand
and gravel, 16.
50
________
On
rock
______
_
50

/
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Wells in Linn Oounty.-Continued.
".

..."0

.E

Locat!on

Owner

.d

~
Q)
A

.

t SW.
27.
Prairieburg ______ NW. t NW.

.T. Kula __________ SW.

'.
28.
.T. Walker ________ SE.

t

sec.

I ]i'eet50

~

sec.

120

sec. 28___ _
NE. t sec.

120

G. Borsky _______ SW. i SE. 11 sec.

120

A. Burnside ____ SW.
8~.

~

~

50

SO.

A. E. Butler·____ NW. i SW. I sec.
S4.

188

M. O. Walker_____ SW. i NW. i sec
92
>14.
A. Lawrence _____ SE. i NE. i sec. _______ _
S5.

J. B. Holub _____ NE. t NE. i sec. _____ _
S6.

F. Stack _________ SW. i sec. 36_________ _
T. 86 N .• R. 6 W.
(Jackson).
Lawton Estate __ NW. t NW. i sec.
1.

W. H. Sberman __ NW. i NW. ~ sec.
2.
T . L. Main ______ NE. t NW. i sec.
3.
J. H. Asbby ______ NW. i NE. i sec.
8.
L. H. Webb _____ NW. ! NE. t sec.

180
180
160

6.

Feet
20

120 ________ On lime·

_____ All blue clay.
stone.
_______
.
On
rock
______
_
5C
120 _________ • ____________ Yellow and blue
clays to rock.
120

45;
blue
clay, 15; land,
10; blue clay, U!;
limestone. 100.
40 _______ Llmestone _____ All gravel above
rock.
198 ______ _________ -14
88

180 Llmestone_ -40
40
40 ________________________ _
8 ________________________ _
25 ______ - _________ _

100

242

242

75

50

100

40

140

186 _______ .

2S2

230

i SW. i sec.

240

240

9.

H. Henderson --- SE. i sec.

10__________ _

W. J. Woolls ____ SW. ! SE. i sec.
10.

O. B. Obesmore__ NW. i NE. i sec.
15.
O. Woods ______ NE. ~ bec. 15___ _
O. Forest - - - - - NE. t SE. t sec.
16 •

• Approximate,

119.

185

G. Joslyn ------ NE. i SW. i sec.
W. McTavIsh ---- SW.

188 LImestone. ______ Loess,

149 ______________________ Yellow clay, 80:
solid blue clay.

9.

9.

I

I"'ct Llmestone_____
Feet_
_______

270
180 ______ On rOCL ______ Yellow clay, 15;
40
140 ________________ _ blue clay to rock.
100 ___ ____ _ Limestone____ •

5.

S. M. Dennis ____ NW. ~ NW. t sec.
7.
O. Boone ------- NW. i sec. 7___ _
H. Henderson '--- S]o;. i NE. i sec.

~
Q)
A

Remarks
(Logs given in
feet)

-25
52 _____________ _ GraveL__ -10

125

5.
S. N. JoslYIl-____ SW. i SE. i sec. _______ _
5.
F. M. PhlIlps _____ NW. i NW. i sec.
ISO

D. L. Oastle_____ SW. i ' sec. 6____ _
O. EIIls ---------- NE. t SE. t sec.
•
6.
L. Dlx __________ SW. i SE. t sec.

Source of
supply

.d

171

75 Spongy
-00
limestone
__ . . _________ __ _
________ On rock __ -126 Yellow clay, 20;
sand and gravel,
20; blue clay to
\lm~stone rock .
180 Sand _____ -50 Yellow clay. 20:
blue clay, 160:
clear sand, 50;
limestone,
_________________________ Yellow
anr! 2. blue
cia y with layers
of quicksand.
_______ Sand __________ Yellow
and hlue
clay, 166 feet;
sand, 5 feet.
______ Rock ______ -116 All "p now and blue
Clay,
_______ On rock-•• ____ _
100

122

116

180

180

202

202 _________________ -102 Sandbeds.
130 __________________________ !3lue clay to rock.

140
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...

'"

".

Owner

Location

"...0

~

.E

0",
~-

Ii:

.Cl

.Cl'"
~'"

~
A

"'''

'"

- i sec. I
T.Long - _________ SE. t SE.
17.
O. J. AvIs ________ NW . i NE. i sec.
I

19.

FCH
142

Source of
supply

"''''

A

Fep,t
140

Feet

,
"Shell·

rock. I t

~

"'-e'I

>"
2"
'"Ii:

'g~1
"'.0 f
III '

Remarks:
(Logs given in
feet)

Fed
-60 Blue elay to rock.

185
85
185 ------------ ----85 __________________________________ At 8! feet old soil:
8 more layers 8
feet thick.
sec. ______ _
145 ______________________
Yellow
clay with
streaks of gray'
el; blue clay to
rock.
126 __ ______ On rock ________ .
70 _________________ _
40

P" I. Henderson_ SE. \ NE. i sec.
21.
SW. i NE.

J. Slife

1

25.

S. N. Kruetzer ___ _
B. T. HaIL ___ _

J. Blodgett ----. SW. i SW.
35.
J . R. Stone_____ NE. 1 NE.

--~_

1 sec.
1 sec.

70

70

100

SO

O. GilchrIst ----- NE. I! SE. l sec.

47

36.

29.

T.86 N., R. 7 W.
(Spring Grove).
J. Peyton ------- SE.

3.

i

SE.

James McKnlght_ SE. I! NE.
8.
G. O. Gardner___ NW. i NE.
13.
S. B. Mills ____1_ NW.
SE.
23.

1

E. O. Oook_____ SW.
20.

1 NE.

W. D. Bucklon___ NR.
22.

1 NE.

F. A. Wllson ____ SR.

i

YV.

22.

1 sec.
1 sec.
1 sec.

1 sec.

t

200

sec.
sec.

140
109

sec.

E. D. Powers ____ NW. i SW.
25.
J. F. Robinson __ NE. i SE.

1 sec.

140

'; SE. 11 sec.
----- SE.
82.

5!

26.

O. Robinson

i

140

sec. --------

A. G. McBurney __ NE. i

sec. 34.0 __

150

t

sec. 36 _____

105

Sisler Estate ---- NE.

------

9 --------

----------- -----

Yellow clay; lime·
stone; blue sand·
stone; shale; a
little coal.

20 _______ _ ___________ -25
near

40 _______________ Gravel_________ _

Forest ------ NE. t NE.

M.

-----

180 _________________________________ Rock from
185
35 ________________________ _ surface.

252

SE. 11 sec.

-------.--- ..

100 Limestone_

--------

62 ______ _____________ ______ Yellow clay, blue
clay .to rock, .
small vein.
20 __________________________ Dark shale (Inde·
penc1ence) at bot·
20 _______________________ _ tom.
120

13~

________________ Yellow clay, 20;
blue clay with
bowl<1ers.
100:
very hard blue
limestone,
18;
yellow IImestoI:('
2.

245
65 __________________ ___ _

54 ________ On rocL__ -20 Yellow clay, 16;
blue clay, 88, to
rock.
150 ____________ -60 Rock, very por·
75
ous.
80 _________________________ . Yellow
clay, 20;
blue
clay. 60;
black shale, 25.
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Wells in Linn Oounty. - Continued.

.!oj

":::
Owner

Location

.£

.a

.0

'j;,

'"

A

'j;,
Q)

I

A

"
.&

"0.0
"'1>",

'~"

...

--_'""''''

0",

Source of
supply

.0'"

0"

~E';
",,Q

Rem a rks :
(Logs given in
feet)

"''''

".0

"' '''

~

A

NE. l sec.

Feet
140

Feet
Feet
Feet
20 ------- ----------- ------ At UO feet thin
layer of . dark
sbale (Independ·
ence).

T. 86 N .. R. 8 W .
(Grant).
J. Wachal ----- NE. t NW. i sec.
21.

33

M. Darrow
NE. \ SE. i sec. 21
W . H. Newland __ NE.
SW. i sec.
28.
32__ ___
NE. i sec.
M. Hazeltine

80

30 -------- On rock ___ -18 Dug well. Loam,
5; yellow clay,
stony, 5: bIne
clay, :to; rock,3.
62
18
---------35 -------- ----------- -40

P. W. MiL ____ SE.
22.

t

,

---

O. CoX ---------- NW. i NE. i sec.
84.

C. H. NieterL ___ · NW. 1 SE. 1 sec.
25.
21 _____
M. L. Kerly ____ NW. t sec.

M. A. Hamlln____ SE. i
33.

aw.

62

-17 Yellow clay, 15;
solid blue clay,
stone."
25 .
_____
clay; blu
130 -------- ------------- Yellow sand,
blu
clay;
clay at 130 feet;
gravel.
117
30 -------- ----------- - .. ---- Yellow and blue
clay to rock .
203
130 -------- "s an d· -20 Drift, 130; lime
stone,
40; blu
stone."
16;
"marble,"
"sandstone, " 17.
137

40

100

t

sec.

240

240

J. Bouchtela _____ SW. 1 NE. t sec.
1.
M. Holub ------ NE. t SW. 1 sec.
1.

140

140

120

120

213
108

218
108

1.

W. Johacek ---- SW.
2.
(Two wells.)

1 NW. i sec'l

•

sec
J. McNamera --- NE. i SE.
3.
Story Estate _____ NW. ~ SW. 1 sec.
3.
H. Story ________ SE. 1 NE. i sec.
4.

J. Peet ----------- SE. t SE.
3.
T. Neilly - - - - - NE . t SE.
11.
W. Jackson _____ SE. I SE.
13.
M. Green _________ SE. l SW.

108 ----_ ...
30

80

I sec.

125

I sec.

140
30

1 sec.

80

J . Anderson ---- SE. 1 NE. I sec.
14
W. Ross _______ SF.. 1 SW. i sec.
15.

100

G. Minehart -----, SE.
15.

52

100 "Sand-

-40

stone."

Z sec.

13.

"s and·
Gra~el

1 sec.

T. 85 N., R.5W.
(Buffalo; part
of Maine).
F. Fousek ______ NW . i NW.

137

140

1 SE. 1 sec. ------- ..

Yellow cllly; blu
clay with layer
of sand: "sand
water
stone,"
bearing, at 1
feet.

----------- ------ iellow clay, 25;
blue clay to rock.
------- On rock ___ --......... - Northern blue clay .
____ do ___
------------- Northern blue clay,
some sand ana
gravel.
On
rock
___
gravel.
All
-------GraveL____
------- -

I-----

------ -

GraveL ___

Do.
-----gravel
All
------------ ------

and
sand.
80 ------- ----------- -6
125 -------- GraveL ____
All gravel to rock.
30 -------

-~----

---------- ------ Mostly. blue clny .
80 -------- Grnvel_____ ------ Creel( hottom: nil
gravel.
50 ------- Limestone_ ------ Mostly
y e 11 0 w
clay.
Gravel_____ - - --- Mostly sand nnd
100 ._-..
gravel.
140 -------- ----------- ------ Yellow clay, 30;
clay
to
blue
rock.
156 -------- ------------ ----- Ridge. Yellow clay
80; blue clay . 0
rock.

140

-------

~

_----
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Wells in Linn County.-Continued .

Owner

~

~

...

...

0

...

"~

:S

.£
:S

~"
0
"

.c'"

~

~

~

Location

'"'"

J. G. Denny _____ NW. i NW.

Fe:J5
~ sec.
19.
J. O. Kennedy ____ NW. 'i sec. 20__ _
60

F. Richards ______ SE. i NW. 11 sec. ------- ..
23.

D. O. Peet _______ NE. 11 NE. t sec.
25.

S. L. Bowdlsh____ NE.

29.
S. F. Bowdish ____ NW.
32.

t

180

SW. 11 sec. -------

i NW. 1

sec.

T. Wilkinson ____ ~: ~ NW. 1. sec.

A. Shanklin ______ N:: 11 NE.

a:

--------

297

sec.

120

t NE. t sec.
-------- SE.
2.

100

0 ...

~-

~'"

'"'"

I

0.0

"' ...

Source of
supply

"'''
"'"'

FPAt

Remarks:
(LOgs given in
feet)

"'.0

:d

Feet

li'P(lt

.. -.- ._----. ----- -

80

20

~s:
'0.£
"",'

60

Showin~

water In

'·rf1vice.

\

160 _______ On rock _________ RIdge. Yellow clay,
80: blue clay to
rock.
80
160 ,hellv lime· ____ _
stone.
185 ___________________ . ____ Mostly blue clay.

292 _________________________ Yellow clay. 80;
sand with some
water at 40; blue
clay with streaks
from 60 and to
rock.
289 __ ___ __ ____________ -a9 Yellow clay. f,5;
blue clay. 100;
whIte sand. 20;
blue clay. 134;
shell rock. 8.
120 ______ . .. _______________ First 40 feet dug;
blue clay from 40
feet to bottom.

T. 85 N., R.6W.
(Part of Maine).
H. SmIth

..

sec.
I. Floss --------- SE. ~ SE .
4.
5____
G. Nightingale____ SW. t sec.

C. J. Ohurch _____ NE. ! SE.
6.
G. M. Rogers _____ NE. 11 NE.
7.

t
t

+240
185

sec.

135

sec.

240

Creamery ________ NE. 11 NE. ~ sec. _______ _
. 7.
Martha Taylor __ ~ Sl t NE. 11 sec.
233
W. Butters _______ SF..
SE. i eec.
230
7.
M. A. Benton ____ NE. t SW. i sec. ______ _
8.

Goldsberry and
NW. i SW.
Haskell.
10.
O. Jordan ________ SE.
1 SE.
14.
E. Finsen -------- NW. 11 SW.
15.
L. J. Reed ________ NE. t SE.
15.
_______ SE.
J.
t NW.
15.
A. T. Orosby_____ NW. ~ SE.
16.
Mc~ad

a sec. ------- ..
t

sec. -----

i sec.
11 sec .
11 sec.

1

75 ___________ -30 Pockets of very
sticky.
waxy.
yellow clay.

240
172 _______________________ Yellow and blue
clay to rock.
13b
Do.
Yellow clay. 80:
blue clay. 170;
shell rock and
gravel. 82; rock.
S.
245 ________ __________ -70 No sand: nearly all
Nue clay.
238 __________________ Yellow clay. 30:
blne clay. 200;
sand. 8.
232

100

180 ______________________ Blue clay from !.>5
to 160: yellow

75 ___________________ _

1I2

SO _______________ Sand and
gravel.
90

100

i sec. ---- .. ---

clay. 25: overl/ing rock.

60

_____ All sand and gr8\'el.

90 ---------_ - __ _

100 _______ Sand and
gravel.
100

______

Do.
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Wells in Linn Oounty.-Continued.

Owner

t

Feet
Feet
Feet
118 _________________ YGllow clay. 3U;
blua clay. 76; yel·
low clay. 13.
NE. t sec.
100
100
187 ________________________ Yellolv clay. SO;
NW. t sec. ____ _
bowldery b I u e
clay to rock.
160 ____ • ____________ Yellow clay. (0;
SE. i sec.
160
blue clay. 80; yel·
low clay. very
stony. 30; yellow
rotten JlmestoDl'.
10.
160 _______ _________________ Mostly
sandy blue
SW. l sec.
1~0
clay.
_____________
•
_________________
Quicksand;
no wa·
NW. l sec.
2a0
ter.
229 _______ Sand ___________ Yellow clay.
',();
NW. 1 scc. _____ _
blue clay to sand
on rock.
270 ________ On rock_______ Yellow OlAV. no;
SF.. i sec.
270
blue
clay. 90;
sticky blue clay.
6; bluo clay to
thin sand layer
on rock. on roell:.
_______________________________
.
Driftwood
SE. i sec.
226
SW.

t

A. Maag _________ NE. i
r
96.
N. Jordan ________ NE. i NE.
26.

i

O. Nightlngale.. ___ SW.
17

E. Brewer _____ NF.. t
19.

S. O. Scott_____ NE. 1
21.

M. Stickney ______ SE.

~

21.

F. Stickney ______ SE. t
22.
A. M. Noah _______ SW. t
23.
G. L. Jordan ______ SW. t
25.
A. M. Kennedy ____ NE. t
25.

L. O. OIarup____ __
I.

Mlller_________

F. K. Balderson__
E. J. Crflft ______

G. W" Anderson_
W. McTanst _____

Remarks:
(Logs given in
feet)

Location

Feet
soo. ______

170 ________________________ Yellow clay. 20;
blue clay. 15;
sand and gravel.
15; blue clay, 10;
Quicksand, 20.
203 ___ .. ___ • ______ . GraveL ____ -63 Drift, 73; gravel,
NW. i SW. i soo.
27.
15; blue clay, ',9;
san<1 and gravt!l,
36.
leO _________________________ l'hin sand streak
SE.
sec. 28____ .•..___ .
between
yello,/
nnd hlue
clay.blue .
70 _______ . __________________ Yellow
and
NF.. i SW. i sec. _____ _
clay to
29.
rock.layer
109 _______ __ _________________ Thin
sand
NF.. i NE. i sec. _____ _
with a little wa·
S3.
>erhetween YllI·
low
and blue
clay.
135 _______________ GraveL _________ Sand and gravel
NW. t NW. t sec.
S6.
from 100 fe~t
down.and gravel
165 _________________ • _____ • Sand
NE. t NW. t sec ... _____ _
36.
tbrougbout; rotten wood at ! 60
feet.

T. 85 N . • R. 'Z W.
(Otter Creek).
B. Norris ________ SE. t RE. i
1.

sec .. _~- ----

sec. ______ _

O. Lyman_______ SF.. l NE. t sec.
6.

P. Bowman _____ SE.

12.

i NE. i sec.

76
160

150 _________________________ Solid blue clay, 90;
soft blue clay.
solid blue clay to
64 ______________________ _ rock.
100
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Wells in Linn County.-Continued .

...

'-'
0

...

Owner

Location

Dolderer ______ SW. ; SW. t sec.

Feet
82

0.0

";:::

1>"
0,-,

,g .
:S

:£fa
",,,,

~

~'"

Feet

Feet

.,'"

G.

...

., ...

21

.>I

0

"'1>.

.,,,

71 ________ .. San d •

stone. n

14.

J. B. FisbeL ____ NW.
32.

J. Maier ---------

; NE. t sec.

NW. t NE. t sec.
SS.

Sec. B4 ________ _

M. Karcb

Source of
supply

70

'O~

".,
",.0

Remarks:
Logs given in
feet)

D:I
Feet

-00 Sandy yellow clay.
20; blue clay, 40;

sand giving off
strong curren t.
of gas, 5; gray
clay. 5; yellow
Usandstone lJ
to
82.

..

"Sand· ----- ..
stone.
___
• do ___ • -22 Soil, 3; limestone,
71;
soapstone
(Independence) ,
15; "sandstone,"
8.
68 _______ . In upper
-58 Yellow clay, free
layers of
from stones, 18;
tough blue clay.
roct ..
50.

80 ------- ...

92

~;:::

3

------~.

~2

T. 85 N., R. 8 W.

(Washington:

~~rk.ofE~~~i~~~~~

NE. i

sec. 1____ •

24 ______ • ________ __________ -

H. H. Martln ____ SW. i SW. i sec.
2.

248

W. H. StewarL __ N~: ; SW. ~ sec.

95

i NW. t sec.

76

J. Roger _________
Oemetcry,
Point.

N~:

Oenter -------- ----------

160

i SE. ; sec.

110

M. Wilson _______ SW. ; SW. ; sec.

ISO

D. W. Esget_____ N~O.

14.

H. D. ·Newland ___ SW. ; sec. 17____ _

60

J. Pifer __________ SW. 1 NE. i sec.

13S

15.

P. McGu1l _______ SW. i NW.l sec.

80

4 Mucb wood at

0

feet.

lSI ____________ . _____________ Yellow pebbly clay
20; blue clay wIth
bowlders. 111. At
220 sbell rock and

mud scams; poor
supply of water.
clay, HO;
blue clay, 65.
______ • ____________________ -26 Clay and sand, 1>5:
black muck, S;
sand and gravel.
________ ________ __________ -00 LI!;nestone, streaks
of sbale, thickest
being 10 feet.
110 ________________ . ____ ____ • Yellow stony clay,
20; blue clay. 90;
soft limestone.
ISO ________ Gravel and -80
rock.
• ___________ .___ Sand and
gravel.
_______ • _______ Vein in
_____ Blue clay.
strong water
clay.
vein; blue clay.
60 Llmestone_ - __ ._.
95 ________ On rock_._ -26 Yellow

IS.

Thompson S.
Yakle _________ SE. 1 NE. i sec.
21.

120

F . P . Kratzer ____ NW. i sec. 21. ___ _

128 ______ ________ ___________ _____

J. Ashlock _______ SW. i sec. 26___ _
T. Newman ______ SW. i NW. i sec.

120 • _______ On rock_. ____ Yellow

74
14
74 Llmestone______ •
45 ________________ Gravel ______ __ ..

27.

M.

Scbmlckle_____ NE. t sec. 24____ •

B4

18 ________ _________ •• ____ .

clay,
20;
blue clay,
90:
hardpan of ceo
mented pebbles.
10.
Soapstone,
3 or ·1
feet thIck at 120
feet.
Gravel to rock.
Yellow clay wIthout pebbles, 15:
light blue clay to
gravel, 30.
Drift, 18; limestone and sbale,
8; dirty coal, (
to 8.
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Wells in Linn Oounty.-Continued.
<.>

Location

Owner

8
.£

.a

Q
0>

F. Mobey _____ J NE. t sec. L ___ _
E. T. PickereL__ SE. t SE. t sec.
81.
T. 84 N., R. 8 W.
(Parts of Fayette
and Monroe).
S. McClintock ___ SW. t SW. t sec.

••

;l

'"
0>

A

A

Feet

Feet

75
178

I

...;,"
0
...

>"

~

~~

75

S. B. Mather___ .. Nt t SE.

200

130

164

SO

68

45

sec. 6__ _

262

140

i Ne. i sec.

188

138

W. H. Rahde ____ SE. i sec. 8_____ 1

68

80

J. H. Ray ________ SW. i NE. i sec. 9

97

L. F. WrIght ___ NE. 1 sec. 19___ _
O. Beatty________ Sec. 29 _________ _

IiO

O. Rake ___ _______ NW. i SW. i sec.

174

29.

32

P. E. WIlse_______ NE. i SW. i sec.
33.

185

47

30.
140

12.

12.

• More or less.

----------- ------ Mostly
rock.
------- ----------- ----- ..
------- ----------- .. _---... _... Yellow
------- ----------

t sec.

48

clay

and

-_

clay, 10;
blue clay to rock;
rock sandstone:
no limestone.
______________ ._______ reat
and black
clays, 20; Quicksand to rock: 011
an old lake bed.
160 ________________ Yellow clay, 40;
blue clay, 100;
rock.
__________ _____________ Almost
entirely
rock.
_______________________ A sand
littletoquicksand
~

70 ____________________ _

on rock.

20 ________ Limestone_ -40 On high elevation.
32 _______________________ _
50

174 Orevice In

-10' Soil, 10; sand,

~.3;

thin bed of yellow clay; blue
clay, 80; lime·
stone, 20; shale,
15;
rock; coal
layer; hard pyrI·
tfferous
stone,;
sulphur - bearing
rock at 165; wa40 ________________________ _ ter sulphurous.
80 _______ _ In crevIce ______ A little yellow clay

In rock. .

Robert J. Hoff ___ SW. i SE. i sec.
D. Roy _______ __ SW. i NE.

----- ... ---------_ ..... ----- ... No sand.

Independence shale
member.

O. Rabe __________ SE. i SW. i sec.

near

clay, 15;
solid blue clay,
1BO; sand, 30.

100

S~:

Feet

225 ________________ E'and ____________ Yellow

J. C. AdaIr _______ S~: i SW. i sec.

A. McManus ____

0>0>

shale
bottom.

190 --------

L. D. Lewls______ NE. i

"'-

Remarks:
(LogS given in
.. feet)

.--~

180

J. Raflsbock ______ SE. i sec. 7_____ _

"'''
'00
p:1,c

Feet

213

sec.

0"
,c<.>

40 -------- -----------40 --- .... --- ----------- ------ Some

238

7____

Source of
supply

~~

A. Elsen ---______ Nr t SE. t sec.
. NE. i SE. i sec.
... -----------------5.

F. Shurtliff ______ Ne. i sec.

...

0
o>,c

0)

.!oI

mixed with soil;
blue clay to rock;
on coal or shale.
25
140 ____________ -4 On hillside, tapped
wIth pipe and
flowIng.
40 ______ " San d - ______ Yellow clay wItbstone."
out pebbles, 16;
sand, .4;
blu3
clay, 20; "sandstone," 8 .
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Wells in Linn County.-Continued.

"...

Owner

; NE. t sec.

0

0.0

...

'"

~

~'"

Feet

Feet

"-

J. Buresh -------- SE.
35.

!l:

:9
~

M. Buresh - •••• -. SE. ; NE. ; sec.
23.

...

"''''
1>"
0"

.£
:9

Location

T. 82 N.. R. 7 W.
(College).

...

-:;;'"

.!oI
0

Feet
116

~

"-

'"

~~
",,,

Source of
supply

~~
""£

""'
",.0 ,

Remarks:
(Logs given in
feet)

>Q

Feet

----_ .... - ------- Sand _••••• ----- Reddish clay; DIu

~

clay. 65; bIack
soil, 2; layer 0 t
light gray soil
sand to bottom
40 ------- -------- • __ do •••. ------ AIl sand.

1'.82 N .• R. 6 W.

(PUtnam; part of
Bertram).

l NW. ; sec.
J. Cack --------- SW.
14.
F. Havlicek •..•• ~ SE. l SE. l sec.
16.
F. Bohak -------- NW. i SE. ; sec
22.
J. Bartosh ••••••• SW. 11 NE. i sec.
26.
J. Rousar ••.•.••. NE. t NE. t sec.
21.

M. Pisarek ••••••• SE.; NE.; sec. 82
T. 84 N .• R. 6 W .
(Part of Marlon).
E. R. Mason .•..• - NE.i NW.t sec ••

100

60 ---- .-- ------------ ------

170

75 ------

196

30 ------ Limestone. ----- Rock

bedded u
this point.
100 .. .._---- ------------ -----60 ------- -------- Sand ••• _. ----- Yellow clay. 15
sand, 35.
125
123 ------ ----------- -----

182

171) ------ -- .. .... _-- Sani! and
&ravel.

T. 84 N .• R. 7 W.
(Parts of Marlon
nnd Monroe).
J. Pahms ••••.•••. SW.; NW.lI sec. 1

60

F. Walser •..•.•• _ SE.; SE.~ sec. 15
T. O. Marton •.••. SW.l SW.lsec. 23

168

59

62

J. Stockey ------- SE.i' NE.l see. 27

117

M. J. Certaln •.• _ NW. ; SW.l see. 26

120

R. Stinson ------ NW.l NW.; sec. 35

ff1

-_

"More or less.

40

50 "Sand·

stone."

W. Howe •••.••.•• SE.; NE.; sec. 24

G. Leldlgh ......... - SE .; SW.; sec. 9
R. Hagerman ._ . NW.l NE.l sec. 14

--------_ ... ----

165

+200

18
40

160"

H

.

Dark sand. 100
. clean sand gro wIng coarser . 1o
bottom, 70.

-20 Yellow clay, 15
blue clay, 20
8and and "rock
layers to rock.

;'"8aod:'-- =ios' Yellow
c I a y, 40
hard gray foss! 1stone."

11erous
flint y
80 ,
limestone,
soapstone (lnd e·
pendence) to nea r
bottom; "san d·
stone. It
(1)
------- ------------ ---- .. - Sand, 2' very por·
ous rock an d
abundant water
wIth little head.
17 -----_.. - FIssure In - 60 Loess, 15; blu e
clay; red rock ,1 o
limestone
feet thick at W;
lImestone.40;very
hard limestone
17; Ifmestone 1wi
of seams an d
crevices.
17 ------- ------------ - ...---15 -- .. - _.- Limestone. ----- Yellow and whi te
Ifmestone fro m
15 to 87.
21) ------- "Sand·
- ... -- .....
stone. U
170 ------- Shelly rock ------ Yellow clay. 6; bl ue
clay to rock.
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Wells in Linn County.-Continued.

Location

D. lllller -------- . SW.1 SW.l sec. 16
O. A.. Ooleman___ NW.l SW.l sec. S~

W. McOreary ___ SE.i sec. 4.. ____
E. Quass ------ Sec. 81 ________
A.. Benger ______ NW.1 SW.lsec. 28

...

?;

>0
0<)

.&

<)

...0
Owner

...

.,

~

0.0

"''''

0

,g

.£
,g

~

'"'"

~

Feet
87

Feet

~I»

:Be.
",,,,

'"'"

Source of
.supply

.g~

",,£

" '"
",.0

<) 0

~'"

~

Feet

Feet

15

------ In crevlce_ - 20

48

20

------ Orevlce In.. ---- Sand, 20, to rock.

80

20

168

140

106

20

rock.

60 "Sand·
stone. tt

_.. _--- Orevlce In.. ---106

rock.
___
do ___

gray, and
white limestone.

----- Blue,

U3

S5 ------ .....------ ----- ..

100

SO ... _-----

B. Johnson ----- NW .! SW.l sec. 14

100 -------

J. Bovey _________ NW.i NE .l sec. 36
F. W. Frederick __ SW.l SW.t sec. 36
R. Smith ________ NW.i sec. 36 _____

_

200
80

65 ------ ---------

30 -------- ------ ..-- 120' Sand 3 feet thick
on rock.
65 ------ -------- Sand ______ ------ Ridge; yellow clay,
15; yellow sand,
49; black sand,
coarse,
wit h
much wood, 1.

106

100

F. Bys ----------

130

125

SW.l sec. 27

-_ ....._------ ----..---_ .._- GraveL ___ ----- Log

In gravel bed
at 100 underneath blue clay.
50 ------ Limestone_ -50 Yellow and blue
75
clay to rock.
80 ...- .. _--- ... ... --- GraveL ____
50 ------ -------- ----------- ---- Mostly blue clay
to 40; log and
black
soli In
gravel bed at 40.

T. 82 N., R. 8 W.
(Fairfax).
M. X1lberger _____ NW.l NE.l sec. 34
SE.~

-.-_.. _-- LImestone_ ,... 76 'Yellow clay,
130

117

T • M. Hunter ___ NE.i SE .l sec. 6

117

100

Delancy _______ NE .l SW.l sec. 16

180

lSO ------ . ----------- ---- ..

*Approximate.

80
70

----- -.. ------------- . ------1ro . -------

--------

20;

blue clay, 50;
blue, hard !fmestone, 6.
____ do ____
- gO Yellow clay, 20;
blue clay. 105;
limestone, 6', DO
gravel beds.
Sand ______
----- Driven well.
GraveL ___ ----- All sand and
gravel.
Clay; blue
.-----_.. - ._--- Yellow
clay; quicksand,
10 feet thick. 50;
:'
blue clay; ,t hin
yellow clay on
rock; rock , 17;
below It bed of
sand fuJI ot water •

O. Farrell ________ NW.i NW.i sec. 6
E . J. ParreIL ____ SF.i NW.i sec. 6
H. l\{ordorst ____ NW.l SW.l sec. 5

A

20;
limestone, 30; "sandstone," 10.

---- Sand,

1', as N., R. 6 W.
(Linn).
J. Drips _______ _ NW.i NW.l sec. 2
F. Martin _______ SW.1 SW.1 sec. 2

J. Napier _________ NE.i NE.i Rec. 19
J. Beechley ______ SE.; SE.; sec. 26
W. WaIm ------- SW.l NE.i sec. 31

RemarKs :
(Logs given In
feet)

----------

---- ..
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Wells in Linn Oounty.-Continued .

...

~

Owner

...

£ ...

Po

£
:5Po

Q

Q

Location
.d

'"

O. C. Dye ________ NW.i SE.i sec. 20

Feet
91

91

~:;

~

~~

Source of
supply

I Fee9t1 1 Feet91

.g~

'0.2

Remarks:
(Logs given in
feet)

"'"

",:;
Q'"

'"

I
NW.i SE.i sec. SO

...
0.0
"''''
00

.",

-:;;

0

"'.0

~

Sand on
rock.

Feet

----- Stony
clay,

25 _______ _ "Sand.

yellow
15; blue
clay full of bowlders to thin sand
layer on rock.

stone. "
T. 83 N., R. 8 W.
(Clinton).
L. Latter --------

sec. 2

IE{)

P. Lang ---------- NE.i SW.i sec. 4
:NW.\ sec. 9

238
213

G. H. Phelps______ SF..i NW.\ sec. 9

277

A. Sisam ---------

N~'.! SI-:.~

NW.~

E. L. Lang_______

sw . ~

NE.i sec. 15

U8

J. E. Rawson_____

SKi SE.a sce. 15

73

J. Young --------

NtV . ~

sec. 9_____ _

T. 83 N., R. 6 W.
(Bertram; part of
Marion).
W. C. Lltts _______ SW.i SE.i sec. 1
S. Harmon ________ NW·i SE.i sec.
J. R. Whlte_______ NE.; SE.; sec. 2
J. Hunter ________ NE.i m.l sec. 3
F. M. Elrod _____ NW . ~ NW.l sec. 4

60 ____ .. __ Limestone_ - 25 N ear C e dar
rIver. Sand, 2;
blue clay with
some bowlders.
58.

238

r
213 _______________________
30 feet of quicksand; qui c k sand rare in vicinity.
277 ________ Sand _____ _ -100 Mostly blue clay
with layers of
sand;
san d y
from 192 to 242;
blue clay, 33;
sand with water·
2.
40 ________________________ Clay
full of bowl1 ______________________ _ ders.

102 . _______________ GraveL _________ Drift clays; gravel,
2 feet at bottom
resting on clay;
clay
abo v e
gravel very fun
of bowlders.

175

172 _______________________ _

206 -------- -------- GraveL ____ -100 Streaks of sand
and gravel at 13
and -65; hed of
graTeI at 206.
150
100
125
42

90 ______ _ Llmestone______ Mostly blue clay to
no gravel.
42 ________________________ AllrOCk,
quicksand
and
gravel.

A. P. Knapp _____

SR.; SKi fec . S
10_____ _
V. Zoback
SE.~ sec.
S. H. Berry:::::: SF.·i NW.i sec. 11

R. Berry --------- SW.i NW.a fec. 11
J. Moore _________ SE.! NE.; sec. 11
J. W . Smythe ____ . SE.;SW.! sec. 1~

61

61 .______________ _________ _
S _______________________ _

45
142 ------- -------- ----------- - 26 B I u e c I a y
throughout.
83 --- ____________________ Mostly
san d,
106
gravel, and small
bowlders.
168
168
100

40 _______ Llmestone______ Sand and gravel to
rock.
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Wells in Linn Oounty.-Concluded .

...

~

"''''
o<>"

...'"

.8
:l

.8»

.d

'"

A

...

Owner

...

-'I
Co)
0

Location
Q.

0.0
Co)

~~
",,,

'"'"

Source of
supply

~~

",oS

.,'"

Remark,
(Log given in
feet)

"'.0

=:I
:E'H,t ' J. eet
Fe.)t.
Feet
O. Smythe ____ NE.l NE.?1 [ec. 12
203
203 ______ _ _________________ Mostly blue clay.
A

R. Oalhoun _______

A'"

NW.i SE.l sec. 24

62

J. R. Grove _______ SW.l SE.l sec. 21

184

184

4B

40

;S.

Stambau~b----

SE.l NW.l sec. 21

.J Paul ___________ NE.l NW.l sec. 22

13. F . ParkeL _____

NW.i SE.l ~ec. '22

27 _______ . Llmestone _______ ThIn veIn of shale

(Independence?)
. In limestone.
4.1 Limestone... ___.___ Blue clay to rock.

204 ________________ GraveL ____ -104 Few

feet yellow
clay; blue clay
to gravel at bot·
tom.

B5 ________________ ____ do ___ -

65

19 ____________________ -

SO

64 Blue clay from soil

SE,l NW.l sec. 23

49

F. M. HaID..______ Sec. 904 __________ _

124

90

J. S. Oaraway____ NW.1 SE.i sec. 25

46

7

1 NE. l sec. 27
14. Brown ------(;i. Berry __________ NW.l NW.1 sec. 27

86
137

137 ________ -------~---- ---___ Blue clay.

R. Berry ________

NW.i sec. 28

129

129

sec. 30

98

45

Lester R. OOOL ___ SW.l NW.i sec. 6

]36

J. Rerr,

~"'W.l

W. L . Weller _____ NF:.t

NW.~

Drift, 19; hard
stone, 5; shale,
20; hard stone,
6.

76

----------- -

86 Llmestone_ --___ Dry gravel at 40

feet.

187.

Dr.

1405

Elmer NeaL ______ NE.i NW.t sec. 17

170

<Jharles PlatneJ __ NE.l NE.l sec. 17
Ely West ________ NE.1 SE.; fec. 20

160

James l4llhalleu ___ SE.i sec. ]8______

181

60

] 96

16 to

In crevices _____ Sand and yellow
clay to rock.

',r. E2 N., R. r. W.
(Franklin) .

D. M. West ________ SE.a SE.l s~c. 7
Kate Mason__ SI'\!. 16 ___________

to rock.

100 Sand ____________ W a t er
at
35;
"river" sand be-

Llmestone_ - 30

40

low; yellow and
a little blue clay.

___ do ____ -100 All blue clay except a little yel·
low clay at sur·
face.
Sand ____________ Water on rock In
. ]70
a little sand.
80 ________ Llmestone_ - 70
80

_____ 00_

177 _______ ___ ~ do ____ - 46 Yellow

clay,

25;

sand • . 15; blue
clay toclay.
rock. 80;
_______ ____ do __________ Yellow
181
blue
clay
to
rock.
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MUSCATINE COUNTY.

BY W. H. NORTON.

TOPOGRA.PHY.

The larger topographic features of Muscatine county are two
uplands and two river plains. 'Of the plains the more extensive
js that of Cedar river, a flat fluviatile or lacustrine floor,. aggraded largely in Pleistocene time to its present level, extending across the county from northeast to southwest with a width
of six or seven miles. The towns of Wilton, Moscow, and
Nichols are situated upon it. 'T his strip of lowland separates
the small triangular upland of Kansan drift which occupies the
northwest corner of the county from an extensive upland of
lllinoian drift which covers the eastern and larger portion of
the area.
The second lowland is that of the Mississippi flood plain.
Up valley from Muscatine the river approaches the Iowa bluffs,
leaving to this county an inconsiderable flood plain hardly more
than one-fourth mile wide. South of Muscatine the valley widens. The great river turns sharply southward from its westward course, leaving the crescent of its ancient river-cut bluffs
far to the west and separated from the channel ' by alluvial
plains five to six miles wide. Both lowlands are poorly drained
and in both ground water stands near the surface. The uplands,
while well dissected near their margins, preserve in their central portions flat initial surfaces but slightly etched with erosIOn channels.
GEOLOGY.

Over most of the county bedrock is deeply bur~ed by deposits laid down by successiv,e ice sheets and their outflowing
drainage. The two lowest o'f these deposit&, the Nebraskan and
the Kansan drift sheets, are both dark bluish stony clays,
hardly to be distinguished in wells except when parted by the
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deposits of the Aftonian interglacial stage. The Aftonian deposits consist of peaty beds and old soils and of beds of sand
and gravel, which occur quite extensively in some townships.
'T he Kansan drift where weathered is oxidized and reddened,
and can scarcely be distinguished by the driller from the yellow
stony clay of the ,o verlying Illinoian drift, the uppermost of the
drift sheets of the area. The Illinoian and Kansan drifts are
not uncommonly separated by ancient soil or peat beds or by
seams of sand and gravel. The upper surface of the illinoian
is in many places leached and bleached by long weathering a~d
the reducing action of an.cient soils, and is separated from the
overlying loess by peaty soils or thin layers of yellow sand.
Outside of small areas negligible in connection with groundwater supplies, the rocks of Muscatine county belong to two
The lower, the Degeologic systems.
(See Pl. · XV.)
vonian, consists in part of hard gray limestones of numerous
types, some fine-grained and brittle, made up of angular fragments (Lower Davenport beds of Iowa State Survey), some
gray and tough (Upper Dav,e nport beds of Iowa State Survey),
some of shelly limestone, more or less clayey (Oedar Valley
limestone) ; and in small part of green-gray or dark drab shale
(Sweetland Oreek shale). The upper and later series belongs
to the Oarboniferous system (Pennsylvanian series or Ooal
Measures), and is variable both horizontally and vertically, consisting of rapidly changing beds of limestone, sandstone, pebble
stone, shale, and coal. It is found only in the southern townships ,o f the eastern half of the county (except in scattered
patches) and is evidently an outlier cut off by the trench of the
Mississippi from the northern margin of the Illinoian coal field.
UNDERGROUND WATER.
SOURCE AND DISTRIBUTION.

Because of the large areas underlain by river deposits the
waters in the alluvial sands and gravels are of exceptional importance in Muscatine county. Muscatine Island and extensive
portions -o f the Mississippi bottoms bounded on the west by
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Muscatine slough are supplied by driven wells from 20 to 30
feet in depth. The supply is copious, easily raised to the surface by steam pumps for purposes of irrigation, and the water
is so slightly mineralized that it is not injurious to crops. The
area is thus rendered independent of rainfall in dry seasons,
and this fact, together with the warmth of its light soil, has
made Muscatine Island and Fruitland township one of the garden areas of the state and of the upper Mississippi valley.
The wide plain adjacent to Cedar river draws its groundw,a ter supply fr om driven and dug wells 20 to 40 feet deep, the
water bed being a sand underlying the, surface loess. Wells
deeper than 30 or 40 feet reach horizons where the water is apt
to be pretty highly mineralized with iron salts. On some low
t.racts temporary flowing wells have been obtained by boring
through the impervious cover of hardpan. A few deep borings
show that the rock floor of the plain lies more than 250 feet below the surface, but the records are not definite enough to show
the character of the materials with which this aneient and wide
valley has been so deeply filled. From the records of a single
well in section 26, Pike township, it may be inferred that beneath the water-bearing sand, which here extends to 30 feet
from the surface, is a clay 10 feet thick, beneath which occurs
a water-bearing gravel. It is ,not known whether this gravel is
a sheet deposit formed along a delta fron t encroaching on a
lake, or was deposited by a stream the width of the present
plain, or was laid down in long narrow strips in the channels
of an aggrading stream perhaps no larger than the Cedar of
today. At and near Wilton drillers report 90 feet of sand succeeded by 100 feet of blue clay underlain by 10 feet of sand and
gravel, the rock floor here not exceeding 470 feet above sea level.
On the eastern upland of the county w,a ter occurs in sands
covered with a cap of loess, forming certain low long ridges
directed generally at right angles to the western margin of the
upland. "Wells on such ridges may obtain adequate supplies
at very moderate depths though wells on the lower ground adjacent would need to go down more than· 100 feet before finding
water.
On both the eastern and western upland the Aftonian gravel
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is the 'chief aquifer. In Lake township thes~ sands and gravels
are tapped at about 100 feet below the surface. A general section in the southwestern part of this township is as follows:
Section of Pleistocene deposits in Lake Township.

I

Thickness

Loess and sand ______ __ ____ __________ ____________________ ____________________ _
Clay, blue (Illinoian and Kansan) _____ ______________ ____ _______ __ ________ __
. Water sand ( Aftonian) _____________ _______ ____ ____ __________ __ ____ ___ ____ .
Clay, blue (Nebraskan) ___________________________________________________ _

i

Depth
Feet

Feet
20

100
10
lJ!II

20
120
ISO
250

The Aftonian is particularly valuable because of the great
uepth at which bedrock and r ock aquifers lie over much of the
eastern upland. Here the great bedrock trough which underlies the Cedar river lowlands extends f or four or five miles ·east
of the river and the deepest wells go down 250 and even 400 feet
without striking rock. Fortunately water is usually found in
the Aftonian or, much less commonly, in glacial sands interbedded with or underlying stony clays of the Nebraskan.
The Devonian and Silurian (Niagaran) limestones are important aquifers in the northeastern townships and·on the western upland, on which latter bedrock is not reported at less than
200 feet below the s~rface. Most wells find water in glacial
gravels, but a few have been drilled into the country rock. In
one well a white limestone is reported to extend from 220 to
350 feet, below which lies 17 feet of brown porous rock, which .
may be assigned to the Niagaran.
In the four eastern townships drift seldom exceeds 100 feet
and numerous wells d,raw water from the country rock. Where
the bedrock is Devonian lim estone, water is usuall y found at a
moderate depth from the surface, the deepest wells being tho se
in which the drift is underlain by heavy Carboniferous shales.
In Sweetland township two wens found the Coal Measures to be
97 and 120 feet thick, and after pierring these were comp elled to
go 100 and 185 feet into the subjacent limestlo nes before obtaining
adequate supplies.
36
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SPRINGS.

The important springs o.f the county rise from the Aftonian
gravel and the Devonian limestone.
The outcrop of the Aftonian gives rise to numerous and often
copious springs. These are well marked near the base of the
bluffs bordering Mississippi river south and west of Muscatine
in Fruitland and Seventy-six townships. Below the bluffs east
of Cedar river, in Moscow township, many springs flow from
the drift. Several of these, with a July temperature of 55° F.,
south and west of Muscatine, are near f~rmstead located along
the road leading under the foot of the bluffs, and their excellent
water is therefore available for house an,d "dairy and all farm
purposes. Almost every farm is thus supplied. In some places,
where the spring issues from 20 feet or less above the base of the
bluffs, sufficient power is developed to run a milk and cream
s~parator. The spring of Edwin Wills is estimated to have 1%
horsepower. Its temperature at outflow is 51° F. Two large
springs emerge near Atalissa-one on the farm of David McClure and one on that of Mrs. C. E. Kephart. The latter was
Jeas1ed for several years by the Chicago, Rock Island & Pacific
Railway for· the supply of its locomotives before the artesian
well was drilled at West Liberty.
CITY AND VILLAGE SUPPLIES.

Muscatine.-The city of Muscatine (population, 16,178) has
l1ad a public supply since 1875, the plant being owned by the
Muscatine Waterworks Company. For about 20 years the raw
water of Mississippi river was used, being pumped through a
conduit extending 700 feet out into the river. This extremely
unsatisfactory supply has recently been completely changed,
new works begun in 1904 having be en completed and put in
use in 1906. The pumping station and wells are situated on the
flood plain of the Mississippi, at the south line of the corporation
area, three-quarters of a mile fr om the settled portions of the
town. The new supply is drawn from a gang of 13 driven sixinch wells about 50 feet deep and 150 feet apart, located on a
line parallel with the bank of Mississippi river and 500 feet

•
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distant from it. These wells a.re pumped through a 20-inch
horizontal suction pipe connecting with vertical pipes, extending in each well practically to the bottom. The capacity of the
w€lls is 2,000,000 gallons a day, twice the amount of the present
consumption. The pumps are installed in a building 48 feet
square, built of reinforced concrete. The cost of the new installation was $100,000, including $40,000 spent for the extension
of mains in the south parts of the city. The water is pumped
to a reservoir with a capacity of 2,000,000 gallons, situated on '
West Hill, the ;bottom of the reservoir being 185 feet above lowwater level in: the Mississippi. Domestic · gravity pressure
ranges in different parts of the town from 20 to 90 pounds. Fire
direct pressure is from 100 to 150 pounds. There are 16 miles,
of mains, 185 hydrants, and 1,500 taps.
'
This very satisfactory supply was chosen at the recommenda.:tion of Mr. W. Kiersted, of Kansas City, after an exceptionally
thorough investigation of local conditions. Some of the results
as given in Mr. Kiersted's report to the council, November;
1903, are of such general interest and wide application that they
may be given here in ome detail.
The two sources under ' consideration were (1) Mississippi
river, with proper equipment for settling and filtration, and
(2) the ground water in gravels underlying Muscatine Island.
The preference naturally lay with the latter, provided that the
supply should be found of suitable quality and quantity. The'
physical conditions of this large area of flood plain pointed to
an abundant and excellent supply. The land is nearly level and
lies but sightly above the maximum high-water line of the river .
. The soil is sandy, light, and por ous. These conditions make
the run-off of storm water slight and dispose of a very large
percentage of the rainfall by absorption and underflow as ground
water. The permanent ground-water surface, determined by
the level of low water in the river, lies within 15 or 20 feet oE
the surface of the ground. Moreover, since the surface of the
island lies somewhat above the ground-water level, the porou'i
soil permits rapid alternate circulation of air and water anli
hence affords an efficient natural filtration .
These indications were fully confirmed by a series of t o'; t ,,;'
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Nine wells about 65 feet deep were sunk upon the island along
a line 3,000 feet in length at right angles to the river and beginning 300 feet from the river bank. The following succession
of deposits was found, the thickness of the strata given being
that found in the well nea,Test the river:
Section near Muscatine.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _l:_Thickness

~~~~el,re~oa:s~d ~~~ ~:~_~~:..:::::=====~=============:=======:===========

__
Sand. co arse . and graveL
__________ _____________________________________ _
Sand, gravelly _______ __________________________________ ________________ _
Sand and coarse gravel ________________________________________________ _
Blue clay; when dry nearly white; without sand ___ ________________________ _
Shaly clay _____________________________________________________________________
or soapstone, hard, laminated, light plnk____________ ___ ____ __
Sandstone

Depth
Feet

Feet
Soli, sandy, black -----------------------------------------------------Olay , red, tough, hard ; not uniformly distributed or continuous on Island

I

8
6
10
10
15

I

8
18
28
~

e

'D

6

«15

2
5
8

51
fiG
69

The geologic conditions were thus found to be extremely
favorable for a large yield of ground water. A bed of porous
sand and gravel 50 feet in depth, resting on an impervious floor
and water-logged to a depth of 30 feet, was found to underlie
the area.
The question still remained as to the permeability of the
gravels and whether they could deliver a supply adequate to
emergencies as well as to the ordinary demands of city consumption. To aid in solving this problem a series of observations extending from September 6 to October 26, 1903, were
made on the static level of the water in the test wells and in the
river, in order to obtain data as to the ground-water slope and
the effect of fluctuations of the water level in the river on the
ground-water surface of Muscatine Isll;md.
Up to September 13 the river fluctuations of level wer'e small
and the ground-water surface was comparatively stable for a
distance of 3,300 feet west of the river. The pronounced slope
of the ground-water surface toward the river (0.8 foot in 1,000
feet) demonstrated the underflow of the absorbed rainfall toward the Mississippi. Between September 13 and 21 the 'r iver
ros'e a little more than two feet, causing a rise of 2.1 feet in well
No.1, 300 feet distant from the river, and a rise in the other
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wells, decreasing in amount with increasing distance from the
river, until at well No. 9 the increase was but 0.3 foot. The
slope of the ground-water surface toward the river was still
well defined. Obviously the rise of the river dammed the underflow in its riverward mo'Vement. From these data it was computed that the water in the saturated' gravels to a depth of
about 43.5 feet flowed toward the river at a rate of at least 2%
feet a day.
About September 23 the river rose a little more than four
feet. The slope of the ground-water surface was now reversed,
and with continued high water so remained until October 9.
The average slope inland of the ground-water surface was 0.84
foot in 1,000 feet, and from this there was computed an average
rate of movement of river water inland of 2.3 feet a day. Using
the velocity per day and the inclination of the ground-water
surface, the average factor of porosity of the medium was obtained by Dupuit's formula. This factor was found to be 5,000
a foot, indicating a very porous subsoil formation compared
with similar experIments and observations made elsewhere.
Continuous pumping tests were made of wen No. 1 for 125.5
hours, and simultaneous observations ·of the wat~r level in the
other test"wells, in order to procure information as to theporosity and continuity of the gravel deposits. The delivery of the
pump was computed at 1,500,000 gallons a day. During the test
the water in the river rose over three feet, and notwithstanding
the large amount of water pumped from the ground, the water
of all the wells showed a corresponding rise. The zone affected
by the pumping extended 700 feet.
The data secured by these tests settled most satisfactorily the
questions as to the capacity of the supply and there only remained the question of the purity of the water. The geologic
conditions pointed to a rapid and ' effective natural filtration of
surface water, with a consequent destruction of pathogenic bacteria. A series o£ tests of the water of the test wells with sanitary and bacteriological analyses fully confirmed this inference.
fully
Although the chemical analyses showed a high per cellt
decomposed organic compounds, and of chlorine and nitrates
in all the samples, owing to the fact that much fertilizer is used

of
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on the cultivated fields of the area, the percentage of undecomposed or partly decomposed organic compounds-ammonia, albuminoid ammonia, and the nitrates-was small, showing an
effective purification of the surface waters by the natural filtration of the sandy soil. The bacterial analyses confirmed the
chemical, showing but few bacteria and these of harmless varieties.
The question was also considered of the effect which the depression of the ground-water surface by a contlnuous draft
in' the area of supply would have upon the underflow of the
contaminated ground water of South Muscatine. It was found
that even in years of minimum rainfall the natural movement
of the ground water of South Muscatine to the river could not
be so diverted down valley as to reach the intake area of the
city wells.
The recent installation of the shallow wells described makes
artesian for,ecasts unnecessary so far as the municipality is
concerned. But in a city as large as Muscatine and with extending industries , it may be taken for ' gra'n ted that sooner or
later information as to artesian possibilities will be useful to
manufacturers and other large consumers who for various reasons may have under advisement an individual water supply.
At Muscatine (elevation, 552 feet) the drill will penetrate first
the Devonian and Silurian (Niagaran) limestones, reaching the
Maquoketa shale (Ordovician) at about 500 feet and may find
small flows in either limestone terrane. These flows will be
under low head and should be cased out so as to prevent the
lateral escape of the deeper waters through their channels. The
Maquoketa strata, which are weak and caving, should be cased.
Good flows under moderate pressure should occur in the Galena
and Platteville limestones which immediately underlie the Maquoketa, from about 725 to 1,025 fe et from the surface, and it
is possible that the yield will be sufficient for some industrial
plants. To carry these waters a bore of four or at most :five
inches will be ample. For larger drafts the Saint Peter sandstone and the loose-textured sandstones and creviced and vesicular limestones which underlie it must be utilized, and in these
nil inexhaustible supply of water of :fine quality should be found.
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T,o tap them the well should be sunk to 1,500 or 1,600 feet. To
tap the underlying Cambrian beds drilling should continue
about 400 feet deeper still, but it is not apprehended that this
will be needed. The pressure should considerably exceed 20
pounds.

West Liberty.-The town of West Liberty (population, 1,666)
has drawn its water supply from artesian wells since 1888.
(See PI. XV, p. 812.) Water is pumped directly through the
mains, and also to an elevated tank holding 60,000 gallons, giving a domestic pressure of 40 pounds and a fire pressure of 100
pounds. There are 7 miles of mains, 27 fire hydrants, and 472
taps. , The consumption is 45,000 gallons daily, and the water
is said to be used by 90 per cent of the population.
The ,e xtension of the waterworks in 1899, involving the
sinking of a new artesian well, was financed in an ingenious
way, worthy of record. Owing to the change in the State
assessment laws which went into effect in 1897, the valuation
of property in the town was reduced many thousands of dollars.
'fhe municipal indebtedness, which had , been increased by the
building of the water works and an electric lighting system,
was thus brought to near the legal limit. Another bond issue
for the extension of the waterworks was thu out of the question. In this emergency thirty public-spirited !5itizens advanced the money for the extension and were paid out of the
revenues of the waterworks. The city council entered into
contract for an artesian well to be drilled upon the city's lot,
the well to remain the property of the driller and contractor
until the annual rentals received by him equaled the cost of the
well, when its ownership was to be transferred to the city. The
annual rental was fixed at $600 and 6 per cent interest on the
cost of the well. When the well was tested and accepted, the
driller's Jease wa s purchased by the thirty citizens. The total
cost of the wen, $3,600, was raised by six promissory notes,
drawing 6 per cent intere t and due in six, years, each note being
signed by five persons drawn by lot from among the thirty.
All payments, r'e ntals and interest were indorsed pro rata on
each .note, thus keeping them equal in amount until their final
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liquidation. With the extension of the water system the revenues increased, all payments were promptly met, and at the
end of six years the notes had all been paid and, under the
terms of the lease, the well passed into the full ownership of the
municipality.
City well No.1 has a depth of 1,768 feet and a diameter of
6 to 4 3-16 inches; casing to 128 feet. 'T he curb is 696 feet
above sea level. The head was originally 9 feet above curb; in
1896, at curb or below. The original discharge was 120 gallons
a minute. Temperature, 65° F. Date of completion, 1888.
Driller, A. K. Wallen.
During the drilling the water stood at 40 feet below the curb
for more than 1,000 feet. At 1,040 feet, the horizon of the Saint
Peter, it rose 20 feet. Rising a little higher each day, it ov~r
flowed when the drill reached a depth of 1,354 feet and the flow
increased as the drill went still deeper. A tube sunk to 1,100
feet and packed at base decreased the flow and was taken out.
In 1900 the head had fallen to 12 feet below the surface and the
pumping capacity to 75 ga.llons a minute.
Record of strata in wen No.1, at West Liberty.
Depth of
Silurian:
sample In
Niagaran dolomltefeet
400
Dolomite, light bluish gray ______________________________________
Ordovician:
Saint Peter sandstoneSandstone, very fine white particles, a ngular _____________ _ 1,000
Sandstone,
larger--_______________________________________
grains rounded, "from 1,040 _
to I, 080" coarser,
__________________
1,050
Prairie du Chien stageShakopee 'dolomiteSandstone, moderately coarse, white; unusually s'h arp
to the touch; under microscope many grains are
seen to be
with secondary crystalline en-_
largemen
ts faceted
___________________________________________________
1,160
Dolomite,
considerable arenaceous admixture in_
dri 11 in gsgray;
______________________________________________________
1,250
"Flint" 12 Inches thick; no sample _________________________ _ 1,260
Dolomite,
white;
consIderable
admixture
of
finest
particles of quartz _____________________________________________ _ 1,290
New
Richmond
sandstoneDoloml
te, hi ghly
arenaceous _________________________________ _
1,810

Oneota
dolomiteDolomite,
white, porous _______________________________________ _ 1,380
Sandstone, larger grains rounded; mostly angular particles with some dolomlte ________ __ ____________________ ___ _ 1,400
Sandstone; matrix calciferous _____________________________ _ 1,450
Cambrian:
Jordan sandstoneSandstone,
In fine
powder of particles of quartz
and a_
11 ttle doloml
te _________________________________________
.__________
1,500
Sandstone,
saccharoldal,
rather
coarse,
white;
grains
usu-_
ally rounded, some faceted ___________________________________
1,600

Saint
Lawrence
formatlonDolomite,
hard,
pinklsh _____________ : ___ _________________________ _
~

1,765
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City well No. 2 has a depth of 1,594 feet and a diameter of
12 inches to 202 f,e'et, 8 inches to 1,016, and 6 inches to' bottom;
casing 96 feet to rock. The curb is 671 feet above sea level; the
head was not tested. 'T he original discharge was 225 gallons
a: minute. Temperature, 66° F. The well was completed in
1900 by W. H. Gray & Brother, of Chicago.
Water stood 20 feet below the curb until the Saint Peter sandstone was reached at 1,015 feet, with a thickness of 40 f€et~
when it overflowed with a discharge of 20 gallons ' a minute. At
1,411 feet a pumping test developed a capacity of 240 gallons
a minute, with the cylin:der at 100 feet below curb, and 300 gallons with the cylinder at 135 feet, the natural flow being estimated at 75 gallons. At 1,435 feet the flow had increased to 100
gallons a minute. No perceptible increase occurred during the
next 100 feet, but at 1,583 feet, in sandstone, a sudden increase
was noted. At 1,584 feet a crevice was encountered and the fl,ow
suddenly rose to 225 gallons a minute at the base of the sandstone. Since 1902 or 1903 a gradual decrease in the head and
flow of the well has been observed, the water now barely overflowing. Under continued pumping, the suction pipe extending
to 26 feet below the curb, the water is lowe'r ed to 20 feet below
the surface.
The only record extant is that of three water-bearing sandstones; the first, from 1,015 to 1,055 feet (344 to ,384 feet below
~ea level), the Saint Peter; the second, from 1,300 to 1,435 feet
(628 to 764 feet below sea level) ; the third, from 1,535 to 1,584
feet (864 to 913 feet below sea level), occupying the horizon of
the Jordan.
The Iowa Condensed Milk Company well has a depth of 1,721
feet and a diameter of 12 inches to 150 feet, 7 inches to 1,000
feet, and 6 inches to bottom; cased to 120 feet; bedrock at 90
feet. The curb is 669 feet above sea level and the head, above
curb. The tested capacity is 300 gallons at 1,600 feet. The
first flow was at about 1,000 or 1,025 feet and increased to the
bottom. The well was completed in 1904 by Gray Brothers, of
Chicago.
Wilton.-At Wilton (population 1,157) the water supply is
pumped from a deep well to a tank whose capacity is 50,000
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gallons. Domestic pressure from the full tank is 54 pounds
and the direct pressure for fires is 110 pounds. The daily consumption ranges between 15,000 and 25,000 gallons daily.
There are 2 mile of mains, 23 fire hydrants, and 180 taps.
The well (PI. XV.) has a depth of 1,360 feet and a diame:er of 8 to 6 inches; casing to 900 feet. The curb is 683 feet
above sea level. The original head, as reported, was 18 inches
above the curb; the present head is 20 feet belo~. The originai
discharge was 300 gallons a minute; the present pumping
capacity is 120 gallons a minute. The first flow was at 900
feet. Date of completion, 1891. The well was reamed to an unreported depth in 1900 without effect on supply.
Driller's log Of city w ell at

Wi~tOl1 .

I

Thickness

nri it _______________________ ____________ ____ -____ ___________ _________ -___________ _
Limestone (Niagaran) __________________ _________ _____________________________ _
Shale (Maquoketa) ____________________________________________________________ _
Limestone (Galena and Platteville) _______________________ __ _______ __________ _
Sandstone (Saint Peter) _______________ ____________________________ ___________ _

I

Feet

220

Depth
Feet

280

10
300
120

220
500

6BO
9SO
1,100

Minor supplies.-Water supp11es at minor villages are set
forth in the following table:
Village wells in Muscatine caunty .

...

'"

~

Town

Nature of supply
.c

~
A

'"

Feet

"

B

Head below curb

.>l

..

C)

0

Deep

B

.c
~'tl
c.",

Sballow
wells

weBs

:l0.

Feet

Feet

Feet

Feet

'"

~.o

A

Atalissa • _____________ Bored and drilled wells ____ So-l80 ___________________________________ ____ _
10 ______ _____________ _
Oonesville ________ ___ Driven wells _______________ _ 10- 20 ______ ___
120 __________
100 _________ _
Oranston ________________ do ____________________ _ 120-1'25
Fairport _____________ Wells and rjver _________ ___ 12-21.
30
25_
12
89 _________________
Fruitland ____________ Driven wells ___ ____________ _ 12- 30 _________ _
82
20 __________________ _
Moscow _____________ _ ____ do __________________ __ _ 2Q- 50
Stockton ___________ __ Drilled and dug wells _____ _ 40-180 _____________ ____________________ ______ _
Sweetland ____ _______ Wells __________ ___________ __ 16-300
10
60 ____ .. ___ _
Nlchols ________________ Driven wells ______________ _ 16-20 .. _______ • ___________________ • _________ _
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WELL DATA.

The following table gives data of typical wells in Muscatine
county.
Wells

Owner

01

Muscatine Oounty.

Source of
supply

Location

Remarks:
(Logs given in feet)

w.\

T. 78 N., R. 4
(Part of Wapsino·
noc).
Joseph Mountain ___ 6 miles southwest
of West Liberty

Feet

T. W. Stoops _______ Sec. 8___________ _

230

R. Wagner __________ Sec. 15____________ _

175

John Gibson ________ Sec. 18____________ _
Pliny Nicbols ________ Sec. 20____________ _

867

Frank Hunter _____ Sec. 28_________ _
Obristian Wolf _____ Sec. 28_________ _

120
246

F. Klrcbner _________ Sec. 32____________ .

398

T. 78 N., R. 3 W.
(Gosben; part of
Wapslnonoc) .
Louis Watson ______ Sec. 7_____________ _

138

Frank Barnes _______ Sec. 1_____________ _

156
58
245

220

Isaac Dickenson _____ ____ do

78

- - Overman _____ Atalissa

136

Hrs. Morris _________ 3 miIfS east and 2
mile. nortb of
West Liberty.

226

____________ _

sand, 60' blue clay, 42;
gray sand with a little
water, 6' blue clay to
rock. Well weak, closed.
Anotber 30 feet away founa
plenty of water in yellow
sand 8 fect tbick at 95.
under blue clay.
220 ____________ Loess, 6; yellow clay, 20;
sand, 2; blue clay, 160:
sand, 28: cream·colored
rock at 220.
__________ _________ Mostly drift.
284 ___________ _
____________________ Wbite limestone from 226 to
350; below tbis a porous
_______ Sand _____ _ brownisb rock.
____________ do ____ Unknown , 40; blue clay, 60;
sand, 6' yellow clay, 25 ;
blue clay with mUCk, wood
and sand, 107; sand, 8.
200 __________ _.. Rock;
hard
and white
above; reddish and porous
below.
I

Jobn Venatta _______ Sec. 8_____________ _
George Venatta _____ Sec. 9___________ _

~6

206 Sand ______ Yellow clay underlain by dry

284

W. A. Howell ______ Sec. 5_____________ _

Sec.

Feet

206

200

95 Limestone_ Loess, 15; blue clay, 50; yel·
low bowlder clay, 30; soft
brown limestone, 43.
.
50 Devonian Drift, 50; Coal Measures,
limestone 100; limestone, 6.
______ __ Sand ______ Yellow clay, 15; blue clay,
35; sand, 8.
100 LImestone" Drift, 100; limestone, 145.
95 ____________ Yellow stony clay, 20; blue
clay, 60; brown stony
clay, 15; blue limestone,
SO· soft brown material,
8; hard limestone, 29; soft
limestone, 8.
64 Oarbonif· Yellow clay, 15; blue clay,
erous
25: sand, 4' bardpan, 20;
sandstone soft yellow sandstone, 14.
86 ___________ Yello,v clay and sand, 42;
blue clay, 44; blue lime·
stone
(Devonian),
44;
brown porous limestone,
6.
94 ____________ Yellow clay, 40; dry sand,
2' blue clay, 50; sand with
water, 2; blue limestone,
110; shale, 8; wbite por·
19M ___________ _ ous rock with water, 14.
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Wells 01 Muscatine Oounty-Continued.

:Source of
supply

Location

Owner

Remarks:
(Logs given in feet)

W' I

T.(Wilton;
78 N., R.
part1 of
Sweetland) .

Feet
2_____________ _

312

WiJllam Boot -------- Sec. 9_____________ _
Hans Xal --__________ Sec. 10____________ _
W. Felthorn --------- Sec. 13 ____________ _

200
101
100

c.

113

E. Reimers

----------1Sec.

W. OoJllns _______ Sec. 14.. __________ __

-- Smith --------- Sec.

15 _____________

M. A. Roy --- ---- --- Sec. 27 _____________
S. Wlntermirte ------ Sec. 36

.-----------

R. 1 E.
(Fulton).
_____________
J. H. Broders ________ Sec.
12
_____________
H. Stoltenburg ------ Sec.
23_____________
Sec. SL ____________
Sec. 8S _____________
O. Wolfe ------------ Sec.

Feet
Sand ______ Yellow clay, sand, and
gravel, 60; blue dirt, 80;
Quicksand, 60; blue clay,
90; coarse sand, 22.
______ __ , and and Sand, 90; blue clay, 100;
gravel. sand and gravel, 10.
90 ___________ _
________ ,aod ______ Yellow and blue dirt, 14;
brown sand, 7; blue clay ,
68; sand, 10.
________ GraveL ___ Yellow clay, 8; blue clay ,
32;
black
"hardpan"
(tJll?) , 68; gravel, 5.

100 ____________ Sand, 10; blue clay, 20;
sand, SO; blue clay, 40;
rock, S5.
134
____________
Yellow
clay and sand, 20;
135
blue clay, 108; sand, 6;
rock, 1.
67+ - _____ Sand ______ Olay, 48; gravel, 4; blue
and yellow pebbly clay,
10; ashen clay, 5; sand.
135

'1'. 78 N.,

3~

75
121
144

78 ______ ___ ___ Yellow and blue clay, 70 ;
. sand, 8; limestone, 28.
70 ____________ Drift, 70: soft white lime·
70* ___________ _ stone, 85.
116 ____________ Drift, 116; rock, 5.
115 ____________ Yellow clay, 30; blue clay.
40; Quicksand, 7: blue dirt
(probably In part shale) .
38; rock, 29.

101

20 ____________ Drift. 20; sandrock, 80; lim.·
stone, 1.

822

40 Limestone_ Drift, 40: soft sandstone.
.40: soapstone, 57;
limA'
stone, 185.

100

105

T. 77 N., R. 1 E.
(Montpelier) •
O. Howard -------- Sec. 9 _____ ________ _
T. 77 N., R. 1 W.
(Slveetiand) •

Frank Nettiebush --- Sec. 27____________ _

Daniel Roberts ------ Scc. 18___________ _
J. Newman ---------- Sec. 4__________ _

P. Brosart --------- Sec. 26 _________ _
J. Monsen --------- Sec. 20 ________ _

"More or lesi.

80 _______ Sand ______ Yellow clay,

3; sand Hnd
clay, 77.
60 ___ ______ __ . do ____ Yellow clay, 5; hlue pebbly
P.11V, 25: forest bed. 10:
a.hen clay changing to
unnd, 20.
200
130 ___________ Drift, ISO; sandstone and
shale, 65; limestone, 6.
804
90 Limestone_ Drift, 90; Ooal Measures.
120; limestone, 94.
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WeZls of Muscatine Oountll-Continued .

."I

<>

...0
Location

Owner

£

:;

:;
Co

Oounty Farm ____ Sec. 88 ______ _
T . 77 N., R. 8 W.
(Parts 01 Lake

and Pike).
F. P . Wood ________ Sec. 27 _________ _
O. Humphries ______ Sec. 18 ________ _
I. Sager _____________ Sec. 25 _______ _
T. 77 N., R .• W.
(Part 01 Pike).
_______________________ Nichols

G. N. Aylesworth ____ Sec.

s upply

-:3!!""" - ~~""Z1.

R J u '\
( L:> .n g i v.!

Co

'"

T. 77 N., R. 2 W.
(Bloomington; part
of Lake).
G. Parks __________ Sec. 5

Source of

'"

~

~

Feet

Feet

115 __ ~ __ Sand __ ~ __ _ Loess and blue clay; 105;
sand, 10.
208
1130 ___________ Olay, 100; sand, 20; clay,
.oo; llmestone, 28.

265 _______ _ Sand _____ _
100 ____________ do ___ _
150 ____________ do ___ _

250 _______ Gravel_____ No rock; all clay, sand and
gravel; well tubed 250

leet.

26

59 ____________ do ____ Sand, 30; clay, 10; gravel.
19.

T. 76 N., R.' W.

(Orona and Oedar).
WIlliam Verln][ ______ Sec. 14

80 _______ Sand ______ Loess, 15; yellow sand, W;

A. Oone ________ ___ Sec. 24

blue clay without pebbles,
10; wnlte sand wIth gas,
15.
200+ _________________ Solt till, 130; bard blue till,

~

O. Oarpenter _______ Sec. 33

60.

125 ______ Sand ______ Loess and yellow sand, blue
clay, Band below.

T. 76 N., R. 8 W.
(Seventy·slx; part
Frultland).
J.01Venatta
__________ Sec. 2 __________ _
Sec. 10 _______ _

150 ____________ do ___ _
115 ___________________ Bluff.

A. Mlglm __________ Sec. 10 ________ _

170 __________________ Ridge .

Daniel McOabe ______ Sec. 11 __________ _

130

PatrIck O'BrIen ______ Sec. 17 ___________ _
H. J. Jeffrles _____ ___ Sec. 22 ________ _

175
94

T. 76 N .. R. 2 W.

01 Fruitland).
1.(Part
W. Klncald
________ Sec. 5 ____________ _

1OO

Loess, 12; old soU.
3; maInly blue till, 100.
Loess, 12; yellow
till, 88; gravelly sand, 25;
blue till, 25; yellow ceo
mented gravel, 10; bard
blue till, 60.
________ GraveL ____ Sand, blue clay, and gravel.
Base
of bluff.
_______ Sand _____ _
______________ _____ Yellow clay above;
red
sand, 00; white Band and.
gravel.
100 ____________ Base of bluff.
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POWESHIEK COUNTY

BY HOWARD E. SIMFSON AND W . H. NORTON.

'J'Ol'OGRAPHY.

Poweshiek county is ituated slightly southeast of the central
portion of Iowa. As it has carcely a stream large enough to
bear the name of river, save perhaps the North Skunk, which
crosses the southwest corner, its drift plain is a broad rolling
prairie of decided upland type. The county is, however, divisible into two distinct topographic areas, coincident in a general
way with 'the surface areas occupied by two drift sheets, the
Iowan and the Kansan.
Iowan drift covers about 75 square miles in the northwestern
part of the county, its eastern edge being not far east of Sheridan and W estfield. Here the plain is gently undulating, broken
only by a few swells and by slight sags, in which grassy sloughs
may be found, The stream channels are neither npmerous nor
well defined, and. in fact, this area bears aU the characteristics of
topographic youth; it remains very much as it was molded by
the overriding ice.
'T he much larger, south and east portion of the county belongs
. to the Kansan drift area and presents evidences of early
maturity. The stream valleys are comparatively deep and
broad, and the uplands, though still broad, are almost completely drained through a multitude of small V-shaped valleys.
The drainage is southeastward through characteristic prairie
. creeks tributary to Iowa, English, and Skunk rivers. The
largest streams, especially the North Skunk. have well-developed
flood plains. Only in the northwest comer is the imperfection
of drainage shown by small Bloughs and ponds, remnants of old
and larger glacial lakes occupying depressions in the <lrift.
Even these are almost extinct, for man is aiding nature in the
work of drainage, both by open ditches and by tile.
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GEOLOGY.

The oountry rock of Poweshiek county (PIs. VIII, XV) belongs
to the Oarboniferous system, the Osage stage and Saint Louis
limestone of the Mississippian series and the Des Moines stage
of the Penn ylyanian series being represented. The Mississippian rocks ~onsist of limestones and some shales, so similar
as not to be distinguished in ordinary well borings. They form
the country rock ov'e r about three-fourths of the county, lying
north and east of a line passing near Newberg, Grinnell, Jacobs,
Montezuma, and. Tilton. The Des Moines stage (Pennsyl,
_ vanian) consists chiefly of shales, together with som~ sand ·
stones and limestones, and is the productive coal djvision. It unoonformably overlies the Mississippian west and south of the
line mentioned above, except where North Skunk riv,er has cut
through and the alluvium re ts directly upon the Saint Louis
limestone.
•
,io
The older Kansan dnft rests · upon the country rock and IS
overlain in the northeast corner by the younger Iowan drift
and elsewhere by a thin veneer of loess. In places there seem
to be traces of a drift older than the Kansan, but thes<e have not
yet been well made out.
UNDERGROUND WATER.

SOURCES.

In Poweshiek county water is obtained from the alluvium,
including some outwash gravels, the drift, the Des Moines stag~,
the Mississippian limestones, and deeper strata_ Only the dri.f t
and the Mississippian limestone are of importance.
The alluvium in the stream valleys is comparatively unimportant, owing not only to its small areas, but to its slight depth.
However, in the valleys of North Skunk and a few of th:;;
larger creeks 'sufficient gravel, probably of Buchanan age, underlies the silt in such a way as to permit a strong underflow, which
j.s utilized in shallow driven and open wells, chiefly in pasture
wells for stock.
The water beds of the drift are several in number, but at:e
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not generally differentiated. In the loess-Kansan area shallow
wells secure a meager, variable, and insufficient supply in the
sandy phase at the base of the loess. In the Iowan area a
gravel c~rresponding to the Buchanan gravel is not uncommon
between the Iowan and Kansan drifts, but is not easily distinguished o:ri the uplands and is ~ariable and uncertain as a source
of supply. In the valleys it is more important, but can not
there be distinguished from the alluvial sands, and has there. fore been classed with them.
The persistence and abundance of their waters makes the extensive gravel deposits which lie deep below the surface of the_
Kansan drift, the most valuable of all the Pleistocene sources.
In many places these gravels are double, one bed occurring well
up wi-thin the drift and another at the base. The former is
probably of Aftonian age while the laUer is probably residual
rock material or rubble from the surface of the bedrock. Whatever their origin, they form exceI1ent waterways and reservoirs.
In Poweshiek county these gravels are all deeply buried, lying
at depths of 50 to 200 ,o r even 400 feet.
Small veins and seeps are found at intervals throughout the
drift, and from these by far the greater number of the wells
in Poweshiek county draw a somewhat variable supply of good,
wholesome water. Only when larger supplies for town or stockfarm use a.re desired is it necessary to resort to rock wells.
The Des Moines stage consists chiefly of shales, too impervious and too strongly impregnated with mineral matter to be
of value as a water bearer. A few local sandstone beds furnish
good water but these are not common in the thin margin of the
formation found in Powesmek county.
The Mississippian limestones have sufficient sandy and porOUR
layers to form a good water bed, which is persistent throughout Poweshiek county. Though deeply buried by drift, this
bed may well be sought where a moderately large and constant
supply is desired. Though hard, it is generally free from obnoxious minerals and is an almost ideal stock water. W·eHs
of 180 to 200 feet are most common, but some of 400 and 500
feet are reported.
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Deeper sources are reached by the city wells at Grinnell (p.
578) and by a well on the "Farwell ranch," near Montezuma;
this last is reported to be about 2,500 feet in depth, but no re(',o rd of it is obtainable.
BELLE PLAINE BASIN.

About four square miles of the extreme northeast corner of '
Poweshiek county is included within the Belle Plaine artesian
basin (pp. 426-429). Within this area wells ranging from 200
to 250 feet in depth yield a strong flow. In other near-by wells
the water rises close to the curb but does not flow.
SPRINGS.

A number of strong springs are found in Poweshiek county,
especially in the southern and eastern parts. The spring near
Montezuma (p. 583) and one on the farm of W. H. Taylor, south
of the town, are among the more important.
CITY AND VILLAGE SUPPLIES.

Brooklyn.-The public supply of Brooklyn (population,
1,233) is from a 208-foot well, the water bed being a sand and
gravel layer, probably Aftonian, overlying blue clay near the
bottom of the well. A higher water bed was found at 80 feet,
but the flow was insufficient. This is the fourth well put down
to this water 'bed, the others being abandoned chiefly ,on account ,
of difficulty with sand. The present well was sunk in 1903, is
used without a scr-een, and no trouble is experienced.
The water is pumped by a gasoline engine jnto an elevated
tank th~t holds 16,920 gallons. The gravity pressure is 76 pounds
in the business district and in case of fire may be rais,ed to 220
pounds by direct pressure. A large-reservoir, having a capacity
of 1,000 barrels, is used to supplement the tank and hold the reserve; 2ljz miles of mains supply 22 hydrants and 180 taps.
Only about 500 or 600 barrels are used daily.
An excellent water supply is that of John F. Scott, on Jackson Street, whose well probably reaches at 230 feet the same
gravel bed that supplies the city well. The water is pumped
by windmill to an ,elevated tank and supplies some of the neighboring houses. The Chicago, Rock Island & Pacific Railroad
uses the water of a small creek in preference to a shallow well.
37
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In the vicinity of Brooklyn drift wells are ordinarily dug to
about 40 feet, though they range from 15 to 65, and some on
the higher land reach 90 feet. An abundance of good water is
ordinarily obtained at this depth in gravel probably of Aftonian
age. For larger supplies. the gravels and sands at the base of
the drift, in places at depths of 200 to 230 feet, are sought. The
great depth of the drift and the abundance of water in its lower
gravel beds is such that rock is rarely reached. The depth of
the limestone is variously reported from 150 feet to the very unusual depth of 400 feet. Water from limestone is hard but very
constant in supply.
The elevation at Brooklyn is 848 feet above s'ea level. The
drill will probably leave the Kinderhook about 500 feet above
sea level, will find the Silurian limestones from 275 above to 75
feet below sea level, the Maquoketa shale to 300 feet below, and
the Galena and Platteville limestones to 600 feet below sea level,
at which depth the water bed of the Saint Peter sandstone
should be discovered. Drilling should be carried at least 300
feet deeper, or to 900 feet below sea level (1,750 feet from the
surface), in order to secure the flows from the creviced limer::tones and the sandstones underlying the Saint P ,e ter. Water
will probably be fOlmd in the Galena and surely in an adequat~
amo unt in the Saint Peter and adjacent terranes. The Silurian
is probably here somewhat gypseous, and absolutely water-tight
casing should be carried down to the Galena and securely bedded
there with the best of packing.
Deep River.-The village of Deep River (population, 467)
owns a waterworks system in which a deep well is pumped by
gasoline, compressed air being used to force the water from the
storage tank through a mile of mains to 11 fire hydrants and
several private taps under a normal pressure of 25 pounds,
which is increased in case of fire to 65 pounds.
Most wells are in drift and are 30 to 40 feet in depth. Heavy
beds of sand are reached at about 135 to 175 feet, and of limestone between 200 and 250 feet. All ground water is hard, but
the limestone water is harder than the drift water.
Grinnell.-The public water supply of Grinell (population,
5,036) is obtained from deep wells (PIs. VIII, XV) by an air
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lift and is emptied into a covered reservoir (capacity, 188,000
gallons) at a rate of 7,500 gallons per hour. From this reservoir the water is forced into the main standpipe by a directpressure pump having a capacity of 1,000 gallons a minute. A
pressure of 50 pounds is ordinarily maintained, but this may
be increased to 125 pounds in caEe of fire after cutting off the
standpipe. A battery of two boilers of 50 hors epower each furnishes the steam for the station plant. From the standpipe 5%
miles of mains distribute the water to 55 fire hydrants and many
private taps.
A second supply suitable for boiler purposes is obtained from
Crescent lake, formed by impounding the waters of a small
branch of Sugar creek. From this it is pumped into an elevated tank, located at the city station, which has a capacity of
40,000 gallons. Two miles of mains distribute about 40,000
gallons daily, under 25 pounds pressure, to the city waterworks
and the electric light plant, and to practically all the manufacturing plants of the town using steam power. It makes a very
atisfactory boiler supply. The amount available is limited
only by the capacity of the pump, approximately 10,000 gallons
an .hour.
City well No.1 has a depth of 2,003 feet and a diameter of 10
inches to 208 feet, 6 inches to 408 feet, 5 inches t"o 1,185 feet, and
4 inches to 2,003 feet; lO-inch casing is used to 208 feet, 5-inch
from 408 to 958 f~et, and 4-inch from 1,145 to 1,185 feet. The
curb is 1,028 feet above sea level and the head 230 feet below
the curb. The tested capacity is 105 gallons a minute. Strong.
ly mineral water, almost yellow in color, rises from the depth
of 212 feet to 90 feet b elow the curb; water also occurs at 1,530
feet, at 1,700 feet and lower. The well was completed in 1893
by J. P. Miller & Company, of Chicago.

,
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strata in city well No.1 at Grinnell.
ThiCk-I Depth

I ness
Feet

Quaternary:
.
SOil, loess, and drlft______________________________________________________________
Oarboniferous (Mississippian):
Saint Louis limestone and Osage stageLimestone,
ratber
buff; in chips mixed with sand and smail pebbles
of northern
driftsoft,
___________________________________________________________

dark gray,
fragments of impure chert; In IJght drab argllloShale,
calcareous
powderfissile;
__________________________________________________________
Limestone, cherty, arenaceous, argillaceous; aiter washing Is seen to
contain many minute crystals of selenlte_____________________ ,__________
Limestone, gray; as fine sand in argmo-calcareous powder____________ ___
Limestoue, cherty, and shale; as chi.J>s In argilJo-calcareous powder____ ____
Shale and limestone; soft, fiSSile, dark drab; in powder; with a few minute
fragments of limestone and considerable cherL__________________________
Klnderbook stageShale, blue, calcareous; In powder, concreted Into readily friable masses
containing microscopic particles of quartz_________________________________
Shale, bard, green-gray; with compact, light yellow, calcareous, sllJceous, .
angular grains of transparent quartz, the largest 0.09
in dlameter__
Shale,
calcareous,
greenlsh____________________________________
Shale, fine-grained,
brownish drab
_______________________________________________________
Shale,
blue-gray,
calcareous; 2 samples_____________________
Shale, ligbt
brownish
drab somewhat
_________________________________________________________

=.

212

8
20

212

220
240

30
45

815

(j/)

865

35

400

15

415

20

435
440
450

5
10
100
20

Devonian:
Limestone, fine-grained _________________________________________________________________ _
SO
Shale, light blue-gray, selenlferous, calcareous; a few particles of IImestone__
Shale, light drab and bluish, somewhat calcareous; a little finely divided quartzose residue aiter washing; 5 samples_________________________________________
200
Silurian:
Limestone,
yellow-gray, granular, subcrystalllne; brisk effervescence;
much shalellght
______________________________________________________________________
10
Shale and limestone; In light blue-gray argillaceous powder containIng a few
fragments of Ilmestone__________________________________________________________
15
Shale, light blue and green-gray; somewhat calcareous; 7 samples. last at 900_ _
115
Limestone, magnesjan, medium dark gray, earthy, argillaceous______________
9
Limestone,
magnesian
or
dolomite;
considerable
hard,
finely
arenaceous,
greenIsh shale __________________________________________________________________
20
Shale, light gray, argl1lo-calcareous _____________________________ .--------21 ,
Limestone, highly cherty ______________________ ,__________________________________
22
Limestone, white, soft ____________________________________________________________
58
Limestone,
highly __
cherty; 2 samples_____________________________________________
65
Limestone, cherty
45
~____________________________________________ _________________ _

Dolomite or magnesian IJmestone, light buff; in fine sand______________________
Ordovician:
Maquoketa
shaleShale, light
drab, calcareous _______________________________________________
Sbale, light brown, pyritlferous; 2 samples, last at 1,280_______________
Magnesian
or dolomite, buff; residue cherty and microscopically
arenaceousllmestone
________________________________________________________________
Shale, brown ________________________________________________________________
Galena dolomiteMagnesian limestone or dolomite, ferruginous; In dark buff powder; residquartzose
particles 0.018 to 0.18 millimeter in dlameter; 4 samples
Nouary
samples
__________________________________________________________________

Feet

270

550
670

670
600

800
810
826

940
949
009

900

1,012
1,065
1,180

2.

1,175
1,200

60
60

1,260
1,820

60
20

75
185
Limestone, magnesian, cherty, light yellow; In powder_____________________
20
Limestone, light gray, fossllJferous; in tlaky chips__________________________
10
Decorah shaleShale, green, noncalcareous, "fossI1l1erous"________________________________
15
Platteville limestoneLimestone, magnesian; in buff powder______________________________________
45
Saint Peter sandstoneSandstone,
calciferous;
quartzose
particles
from
0.018
to
'
0.18
millimeter
In
6
dri llings _____________ _______________ _.___ __ __ ____ ___ __ __ __ _____________________
Sandstone, white; graIns rounded and smooth; usual size about 0.55 millimeter, largest 0.92 millimeter In diameter________________________________
84
Sandstone, IJght reddish buff; fine grains, mostly broken; many stained
with film of ferric oxide; largest 0.28 millimeter In dlameter___________________ _
Prairie du Ohlen stage.
dolomite
and____________________________________
New Richmond sandstoneShakopee
No samples
_______
___________________
262
Sandstone, highly calciferous, or limestone, arenaceous; sand grains
angular, some
largest ____________________________
1 millimeter in diameter, matrix
dolomite,
white,rounded;
nt _____________
________ of_ ___ ___

1,880
1,400
1,476

1,610
1,680
1 ,640

1,655
1,700
1,706

1,740
1,740
2,002

11,003

\
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Record of strata in city well No. 2 at Grinnell (Pl. VIII, p. 420).
Depth
ness
IThiCk·1
(209 _______________________________________________________________________
feet thick; top, 1,028 feet above sea I~vel):
Pleistocene
No sample
_
Till, greenish yellow _______________________________________________________________ _
Till, blue __________________________________________________________________________ _
Till, blue; darker than above ____________________________________________ _
Till, blue; lighter _________________ __________ ________ ________________________ _
Oarbonlferous (Mississippian):
Saint Louis limestone and Osage stage (191 feet thick; top, 819 feet above sea
level)Limestone,
hard; brisk effervescence; In small cuttings and
______________
concreted buff,
powderdense,
0_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Sandstone,
highly rounded
calcareous;
grains of clear quartz, coarse, diverse In_
size, Imperfectly
___________________________________________________
No record ______________________________________________________________________ _
LImestone,
light dark
blue·gray;
dull luster;_____________________________________
slow elIervescence; some cuttings_
of sandstone,
blue, lIne·grained
No record ______________________________________________________________________ _
LImestone,
cherty, argillaceous, pyritiferous; elIervescence_
slow, also blue,
shale highly
____________________________________________________________
Limestone, light gray, fossiliferous, encrinital; brisk effervescence________ _
Ohert; in large chips, some Iimestone ______________________________ ________ _
Limestone, blue·gray and whitish; cherty and with microscopic angular
particles of quartz; brisk elIervescence_____________________________________ _
Limestone, light gray, cherty, arenaceous; rapid effervescence _____________ _
Shale, light blue·gray; In powder; chert, blue; and limestone, gray_________ _
Kinderhook stage (167 feet thick; top, 628 feet above sea level)Shale, blue·gray; in friable concreted powder; largely composed of micro·
scopic angular particles of quartz ___________________________________________ _
°

~~a~e'c~:3e~~~:~:..~_I~_~~_r_~_~~~~~~~~~_~~~~_e~:__~~_~::~~~~==::::::::::::::::::::I

Shale,
blue·gray
and ollve·gray
, calcareous; In tough concreted masses;
______________
7 samples
_________
Devonian (216 feet thick; top, 461 feet above sea level):
Limestone, gray; rapid effervescence; crystalline; some chips pyrltlferous; mucb
shale from above _____________________________________________________________--__
Shale, light blue, calcareous; In tough concreted masses _________________________ _
LImestone, blue·gray; rapid effervescence; also shale, blue ____________________ _
Shale; In tough, blue, concreted masses; 2 samples_____________________________ _
Limestone,
drab,
hard; rapid
effervescence; ______________________________
and shale, blue, In concreted
masses ___ __
______________
_____________________
____ _
Limestone,
lfght
yellow·gray,
argillaceous,
or
sbale,
highly calcareous; In con·_
creted powder __________________________________________________________________
~

o o ____ •

____________________________________ _

Limestone, light yellow·gray, lithographic; brisk effervescence_________________ _
Shale, blue, somewhat calcareous ________________________________________________ _
Sflurlan (414 feet thick; top, 245 feet above sea leve!):
rapid effervescence; In angular sand; also gyp._
Limestone,
brown,cuttlngs
crystalline;
sum, In white
________________________________________________________
gray,
hard,
compact,
subcrystalline________________________ __
Limestone,
light
No record _______________________________________________________________________
Limestone,
and dark drab; moderately rapid efferves·_
cence; muchUght
whiteyellow·gray
gypsum _________________________________________________
Shale,
calcareous,
light blue; chert, white; and Ught gray Umestone of slow_
effervescence
______________________________________________________________
Dolomite, light gray, crystalline; slow effervescence_____________________________ _
Dolomite, light brown, macrocrystalline; In large chips; a little white gypsum
Dolomite, lfght gray, crystalline; In small chlps_________________________________ _
Gypsum, white, with shale, hard, dark green, calcareous, and highly arena·
ceous; fairly large rounded grains and minute angular partlcJes ____________ _
Gypsum and shale; In whitish concreted powder_______________________________ _
Ohert,
white, ______________________________________________________
gray, yellow and black; with limestone, light gray,
of rapid_
effervescence
----_________
Limestone, light yellow·gray, macrocrystalllne; rapid effervescence; chert,
white; and hard, green, arenaceous shale; cuttings chiefly cherL ____________ _
Limestone, lfght gray, earthy; rapid effervescence; much white chert_________ _
Limestone, whitish and lfght yellow; rapid effervescence; shale, reddish and
green; calcareous In molded masses; flint, brown and gray________________ _
Limestone, whItIsh, pink, and yellow, wIth much gray flInt; shale, dark green
and a little dark reddish; all concreted in greenish argillaceous powder_____ _
Limestone, whitish and yellow; rapId effervescence; much chert __ ~ ___________ _
Limestone, magnesIan or dolomIte, crystalline, light yellow___________________ _
OrdovIcian:
feet calcareous
thick; top,
169 feet below sea leve!)Maqupketa
shale (211
Shale, green,
slightly
__________________________________________
_
Shale, green and brown_________________________________________________ _

Feet

Feet'

41
49
85
5

29

~

41

90
175
180
209

•

214

26
6

240

2

8

248
256

12
82
25

268
800
825

25
25
25

350
875
400

15
5
5

415

142

567

25
8
83
67

692
600
633
700

28

723

27
26
7

750
776
783

77
10
I>

860
870
875

246

420
425

14

889

26
85

915
950

40

990

10

1,000

25

5

1,025
1,030

10

1,0(0

(0
SO

1,080
1,110

10

1,120

80
20
27

1,150
1,170
1,197

23
S

1,220
1,228
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Record of st1'ata in city well No. 2 at (})·innell-Continued.
Thick· \ Deptb
\ ness
Feet
No samples _____________________________________________________ ________________ . Feet
1_263
bale.
dark
brown,
bituminous,
burning
freely;
and
ratber
hard,
blue
shale, pyritfferous ___________ ________________________________________________ _
~

Shale, brown; In calcareous concreted masses ___________________________ ____ _
Shale, blue, in concreted powder; and limestone, dolomitic, In crystalllne
sand; some dark·brown siliceous cuttings _____________ _________________ _
Sh ale, blue ____________________ _______ __________________________________________ _
Shale, light brown, calcareous; a samples ___________________________________ _
Sb ale, dl' a b _____________________________________________________________________ _
Galenn dolomite to Platteville limestone (291 feet thick; top, 380 feet below
• sea level)Dolomite, light buff and brown, crystalline, porous; in cblps ________ ___ __ _
nolomlte. as above; cherty; in sand ________________________________________ _
and microscopically
arena·.
Dolomite.
as above;
with greenisb.
argillaceous
_____________
__ ___________________
.. _______ __________
ceous powder,
3 samples
Lime~tone,
gray; brisk effervescence; in sand _______ ______________________ •
Dolomite. buff and brown; in crystalllne sand; 2 samples _________________ _
Limestone, dark drab and light gray: rapid efl'ervescence___________________ _
Shale. green. hard. laminated. slightly calcareous _________________________ _
Limestone.
yellow·gray.
crystalllne; rapid effervescence; some rounded_
grains of quartz
sand ________________________________________________________
Shale, green, laminated , hard; practically noncalcareous ___________________ _
Saint Peter sandstone (32 feet tbick; top, 671 feet below sea leYe])Sandstone, " 'bite: grains rounded; largest 0.8 millimeter In diameter___ _
Prairie du Obi en stage::ihakopee dolomite (169 feet thick: top, 703 feet below sea level)Dolomite, dark brown and gray, hard; much quartz sand in drilllngs;
dolomite cuttings very sparingly arenaceous ___________________________ _
Dolomite, buff, arenaceous: with grains seen to be embedded; in sand
and large chips of vesicular dolomite ____________________________________
Sandstone and dolomite; in buff sand; quartz sand in excess _________ _
Dolomite;
in buff
sanel, cberty,
oolitic, arenaceous, as inferred from_
quartz sand
in drillings
_________________________________________________
Dolomite, gray, vesicular, crystalllne; In large chips _____________________ _
Sandstone. wbite; largest grains l 'millimeter in diameter, showinlt some
secondary
with chips of finer·grained sandstone, with_
calcareous enlargements;
cement __ _____________________________________________________
Dolomite, gray; in large Chips ___________________ ________ __________________ _
New Richmond sandstone (79 feet tbick; top, 872 feet helow sea level)Salldstone and dolomite ; in buff, fine sand; quartz sand in excess; grains
of quartz sand and cuttings of dolomite of about same size___________ _
Sandstone, whfte , rather coarse; grains with secondary enlargements;
some chips showing calcareous cement________________________________ _
Sandstone, bufl'; Hner than above; in chips showing calcareous matrix__ _
Oneota dolomite (8 feet penetrated; top , 951 feet below sea level)DolomIte, white; in chlps _________________________________________________ _
Dolomite, cherty, bright bu1r; in sand _________________ __________________ _
Dolomite, buff; in sand.

1.265
1,284

6

1,290

60
35

83

1,340
1.375
1,408

42
25

1,450
1.475

75
10
65
25
4

1.625

37
8

1,699

32

1,731

89

1,770

34
9

1,804

27

1,840

1,550
1., 560

1,650
1,654

1,691

1,813

20

1,860

6
34

1,900

1,866

33

1,933

17

29

1,950
1,979

4
4

1,983
1,987

Malco1n.-The town of Malcom (population, 377) is provided
with a water supply from two wells. An elevated tank furnishes 65 pounds pressure for a mile of mains, supplying nine
hydrants and a few private consumers.
Mont ez~l1na.-The public supply of Montezuma (population
1,172) is from a 300-foot well. The water is pumped by 'gasoline engines into a 20 by 24 foot tank, elevated on a 100-foot
steel tower. Distribution is entirely by gravity, through 2
miles of mains to ~ 7 fire hydrants and 35 taps. Only about 200
barrels are used per day in summer. A pressure of about 45
pounds is maintained throughout the town. The water is hard
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and deposits a red precipitate on the pipes, showing that, though
,s ome of it may be drawn from 't he limestone, a large part of it
comes from the overlying Pleistocene gravels, which in many
places carry much iron.
Two miles nOTtheast of Montezuma is a spring which is said
to flow in a 2-inch stream from a sand bed into a 12 by.12 foot
brick reservoir, from which arrangement is made for pumping
by a gasoline engine. This spring i. being considered as a source
of public supply.
•
In the vicinity of Montezuma plenty of water may usually
be found in drift sand at depths of 50 to 60 feet or perhaps 80
feet on the uplands. Fine sand has caused some difficulty in
pumping and on that account a few wells have been abandoned
or extended to limestone at depths of 2~0 to 300 feet. The limestone water is hard and stands about 100 feet below the surface;
the supply, however, is certain and very constant.
Montezuma is 948 fe et above sea level, but an accurate estimate of the depths of the different water beds is difficult because of a hypothetical east-west sag bounded on the south by
the upwarp of the lower Paleozoic formations of southeastern
Iowa. If the dip of the strata from Belle Plaine to Pella is uniform the Saint Peter should be found at Montezuma about 61.()
feet below tide, a depth nearly coincident with that given on a
section from Grinnell to Sigourney. But the sag may carry the
Saint Peter down to 675 or 700 feet 'below sea level or at most
1,650 feet below the surface. A deep well should be drilled at
least 300 or 400 feet below the Saint Peter into the subjacent
limestones and sandstones, where an abundant supply will probably be secured. The well should be sunk to a depth of 1,950
to 2,050 f€et.
The upper waters from the Missi sippi an and probably also
any water found in the Silurian will be heavily mineralized and
should be shut out. The quality of the lower and main waters is
a matter of prime importance which regrettably can not be definitely predicted. In general, it is believed that these waters are
of a fair quality, but there are some indications to the contrary
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for this locality. The experience of Sigourney, where casing carl:ied to the Galena, as reported, still left an unpotable water, is
distinctly discouraging although the probabilities are that at
the latter place either the casing leaked or the Galena water wa3
heavily mineralized. On this last suppositiQn a water-tight
casing bedded a short distance above the shales of the lower
Platteville should have remedied the difficulty. At Pella the
upper waters were found unpotable, but when cased out, the
lower or Ordovician waters were insufficient in quantity. The
Pella well, however, reaches only to the Saint Peter; had it been
sunk a few hundred feet deeper fair waters of go.od yield would
have probably been secured. The experience of the second city
well at Grinnell, which succeeded in casing out the injurious
sulphated waters of the first well and still had an abundant
supply, would probably be duplicated at Montezuma with due
care in the construction of the well. The water ,..will probably
head at about 175 feet from the surface.

WELL DATA.

The following table gives data of typical wells in Poweshiek
county:
Typi caZ w eHs Of Poweshiek Oounty.

I
Own er

-e
""

~

"...0

B

Location

~
0

'0

",p-

.

o;

:S

~a

"".c

'"

A

00"

0 "

~

T. 78 N., R.1! W.
(Part of Jackson).
W. H. Taylor_____ SW. i sec. 34___

Feet

Feet

217

177

Olty of Montezuma ---------------.-

800

200

T. 80 N., R. 16 W.
(Grlnnen).
J. W. Folwer_____ Grinnell --------

434

200

M. A. 5ears_____ _ ____ do ----....... -

188

a)

.d

Q
A

'"'"

"",

Remarks:
(Logs given in feet)

'"

Feet
Llmestone_ -90 Yield, 10 gallons per min·
ute; pumped by gas and
wind engines.
"Iron
and
sulphur"
taste.
First water bed at 180.
____ do ____ - 65 Pumped by 10-horsepower
gas engine. Hard. Iron
taste. Used but little..
Limestone -130 Pure. Water beds at 216
and 300. Pumps 9 galand shalel
lons a mInute without
lowering.
Fine sand _ - 88 Plenty of soft water.
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Typical wells of Poweshiek COttnty-Continued.

-'"

"e

Owner

.E

Location

. .0

"'"

A

T. 80 N ., R.14 W.

(Bear Oreek) .
Talbot and Thomp· Sec. 12
son.

Feet

Feet

605

325

..,0;"
0

"0

",»
,,-

",13
dOl
"'''
~

~"'-

"",-

0"

00'"

Remarks:
(Logs given in leet)

Feet
Red sand· -125 Pumps 12 gallons a min·
stone.
ute. Black soil, 3; red
clay, 75; blue clay, 246;
sand (dry), 1; blue and
gray shale, 225; white
clay, 7' limestone, 46;
red sandstone, 2.
City of Brooklyn ___ __ ____________ _
-208 ________ Sand and _____ _
gravel
John F. ScotL ____ Brooklyn ______ _ 233 _______ ~ I ____ do ---- -100 Abundant sott water. Soil
and yellow clay, 30; blue
clay, 200; fine sand and
gravel, '3.
James Oal€lerwood SE. i sec. 2___ _ 575
400 ILimestone_ - 50 Very constant. Red clay,
50; blue clay, 850; ltmestone, 175.
Luther Triplet ____ SE. ~ sec. 4___ _ 201
(a) ' GraVeL ____ - 65
Jos. F _ Coulter. __ S. ~ sec. 15 _____ _ 170
169 [L!rnestone_ - 50 FIne well; probably from
gravel.
I (1)
S. E. Brush ____________ do
170 ,Limestone_ - 10 Probably from gravel.
172
____ do ____ - 75 Strong well. Soil and yelJ . N. Newkirk _____ NE. 1 sec. 16 ___ _ 578
3~5
low clay, 60; blue clay,
262; gravel and sand
(dry), 3; sbale (?) slaty
color, 247; limestone,
hard, gray, 6. Hard and
strongly min era I.
Pumped by gasoline engIne to tanks of farm;
T. 81 N., R . 14 W.
also of neighbor.
(Madison).
John W. Jones _____ W.

sec. 20___ _

~

(a)

I

Sand ______

1-

65

T. 78 N., R. 13 W.

(Deep River).
W. V. Buxton_____ NE. ~ sec. 5____________________ Limestone_ - 75 Oan not pump down .
John Doonan _____ H miles north ot 194
180 ____ do ____ - 94 First water at 165 feet In
Deep River.
sand and clay; yIeld 8
gallons a minute. Hard.
T. i9 N., 11.14 ·W.
(Scott) .
R. F . Hutchinson - SE. ~ sec. 28 ____ 202
152 ____ do ____ -100 First water bed at 50. Sand
and gravel. Hard. Drift,
152; slate, 16; coal and
fire clay, 2; shale; limestone, water-bearIng.
John Hutchinson - SW. i sec. 27___
181
171 ____ do ___ _ - 68 Strong well. Drift, 168;
sand, partly cemented,
3; limestone, 9; limestone, very hard, 1.
White and mIlky aiter
storm; bard.
Wm. T. Hutchin· NE. i sec. 34. ___ 184
181 ____ do __________ Black water at first, bad
son.
odor; later cleared.
John R. Johnson __ NE. i sec. 35____
4.12
131 ____ do ____ -100 Red clay, 75; hlue clay, 50;
sand (scant water), 6;
ltmestone, hard, gray,
281. Pumped 8 gallons
per minute at test -without lowering.
Do. ____________ NE. sec. 22 ___ _ 118
(a)
GraveL ___ - s.o; Strong well.
Maggie R. Jobnson NW. ~ sec. 6__ _ 324 ________ Sandstone_ - 40 Very strong well.
~

T. 79 N., R. 13 W.

(Lincoln).
J. A. Dougherty ___ SE.
aNo rock.

~

sec. 8____ _

180

(a)

IGraVeL ____ -100 Never pum,s lower.
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SCOTT COUNTY
BY W. H. NORTON.

TOPOGRAPHY.

Scott county is an area of faint relief. The larger part i
an upland of well-nigh level Illinoian drift, sharply dissected
along its margins, but elsewhere drained by shallow though
broad waterways. The extreme northwestern part is occupied
by a maturely dissected area of Kansan drift. Along the right
bank rOf the Wapsipinicon valley in Butler and Princeton townships riEes a narrow and high ridge composed largely of loess
and sand. The r ecently cut channel of the Mississippi from
Princeton south gives room for a narrow alluvial lowland south
of Valley City and one somewhat wider below Davenport. 'l'hat
part of the wide flood plain of V\Tapsipinicon river which lies
south of the channel, an area of about 35 square miles, falls
to Scott county. Across the western part of the county
stretches a broad marshy sag once oecupied as a temporary
(;hannel by the Mississippi and now held by an insignificant
stream called Mud creek.
GEOLOGY.

Buff and bluish dolomitic limestone quarried at Le Claire and
belonging to the Niagaran underlies · the northern part of the
county; higher and younger limestones of Devonian age, of
which the Davenport quarries furnish examples, underlie the
drift in Davenport and Blue Grass townships; and shales and
sandstones belonging to the Pennsylvanian series occupy tho
extreme southern part of the .county. (See PL XV.)
UNDERGI'tOUND WATER.
Undergrolmd Water Provinces.

Wapsipinicon Flood Plain.-Wapsipinicon river, which forms
the northern boundary of the county, flows over a flood plain
whose width on the right bank of the stream ranges from half
a mile near Dixon to three miles at McCausland. On this plain
alluvial sands and gravels supply abundant water to shallow
dug and driven wells.
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Mud Creek Cha'l'm el.-The little stream of Mud creek drainR
the northern portion of an ancient channel held by several geologists to have been cut in glacial time ~y the diverted waters
of Mississippi river. The channel floor is about a mile
wide, increasing at the mouth of the valleys of tributary creeks.
Ground water stands high. ~Iu ch of the area is ill drained and
ponds and marshes occur, €·s pecially at the col which crosses
the flat valley floor at the head of Mud creek, separating it
from the headwater s of another creek, Elkhorn, whose course
i in the opposite direction. Along this channel ground water
is easily re ached by shallow wells.
Cleona B uried Channel.-In the western part of the county a
'distinct ground-water province exist s in the ancient and deeply
buried river valley called Cleona Ch anilel, from a t ownship
through which it passes. The depth and width, which considerably exceed that of the present Mississippi channel contiguous
to the county, lead to the inference that it was cut in rock by a
stream of large size. Apparently the rock-cut valley is widefloored and bounded by steep bluffs now buried deep from sight.
In the village of Plainview wells a few rods apart show sharp
descents of the rock surface of about 150 feet, and in Cleona
township the rock surface declines more' than 260 feet within
a mile.
The Cleona Channel joins the valley of the Wapsipinicon
north of Allen Grove and Donahue, and probably continues down
that valley to join the deep preglacial channel of the Mississippi
north of Princeton. Fr om Allen Grove so uthwest to Plaiuview it coincides in part 'with the broad flat-floor ed valley of
Mud creek, but from Plainview to Durant it lies mostly on the
east side of Mud creek valley.
.
North of Durant, in section 19, C]t:ona township, the channel
attains a depth of more than 300 feet below the surface of the
ground. The rock floor is not reached here nt an elevation of
399 feet above sea leveL This elevation is but 20 feet above
extreme low water in the Mississippi at St. Louis, and the fall
thence to the Gulf of Mexico is but three inches to the mile.
The rock floor here i more than 160 feet lower than the present
bed of the Missi 'sippi at Le Claire.
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In this province water occurs in river or glacial-outwash sands
with which the channel has been heavily aggraded, and which
have been deeply buried beneath stony clays deposited by ancient ice sheets. The formations to be met with by the driller
vary considerably, as the following well logs show:

05-m===~~===e~~5===============5WMlles
Figure 5.-Map of western Scott county, showing the ancient channel now occupied
by Mud creek (shown by shading) and the buried Cleona Channel (bounded by broken
lines). Figures at deep wells ( e ) indicate the elevation of the rock surface
above sea level. Figures prefixed with minus signs are used with wells which
did not reach rock and indicate that the rock surface is less than the elevation
given, that of the bottom of the well.
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Log of well of H. Goettsch, NW
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sec. 9, Cleona Township.

TbICk- !
ness Deptb

!

Feet
102
45
60
134

Olay, yellow anCl blue, Kansan _______________________________________________________
OIay, black, Ill·smelling, Aftonlan _________________________________________________
O1ay, blue, bard, Nebraskan ._____________________________________________________
Quicksand, mostly line ________________________________________________ _______________

Log of well of .Henry Roh, NE.

*

sec. 26, Allen Grove Township.

TbiCk. !

! ness

Feet
100
25
150
25

O1ay, yellow and blue __________________________________________________________________
Quicksand ______________________________________________________________________________
O1ay,
stony, underlain by 70 feet of river sand resting on blue tlll_______
Gravel blue,
_________________________________________________________________________________

Log Of well of J. Rathjen, SW.

*

Feet
102
147
197
831

Deptb
Feet
100
125
278
800

sec. 12, Oleona Township.

TbiCk, !
ness Deptb

I
O1ay, yellow ____________________________________________________________________________
OIay, blue _________________________________________________ __ ___________________________
Sand ________________________________________________________________________________ ___

Log of well of Lena Mumm. NE.

~

Feet
35
205
2

Feet35
240
242

sec. 21, Cleona Township.

__________________________________________________

-+I_Tn_~_~~_,l nePtb

O1ay, yellow ________________________________ ________________________
OIay, blue _____________
Sand and gravel ______________________________________________________________________

~__________________

~___________________________________________ _ ___________ __ _______

Feet
12
236
30

Feet12
248
278

These and other wells show that in p~aces beds of sand covered
with stony clays occur at a depth from the surface of about
100 feet. These sands are apt to be too fine to be available for
wells with the methods now in use in well construction. At
depths of 200 to 275 feet a body of sand is encountered,
which pr.obably rests on bedrock, although, as it has not been
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drilled through, this is not altogether certain. The thickness
of this bed may reach 130 feet. Because of the fineness of grain
over much of this depth, it may be expected to give much
trouble to the drilJer, but there are coarser layers and gravel
beds in which a good supply can be obtained.

Niagaran Pr·ovince.-The Niagaran province embraces the
two northel~n tiers of towmhips, where most of the wells are
compelled to pass through the drift and find water either in the
Niagaran dolomite within a short distance from its surface or
in overlying gravels.
In Liberty t ownship rock outcrops in the northerlJ sections,
as about Big Rock and Dixon, but in the southern half it is
covered with 50 to 140 feet of drift. ' The depth to water
varies widely in wens but a short distance apart; throuo'hout
the township water is found in rock within 50 to 150 feet of the
surface.
In Hickory Grove township, except along the buried channels
of Cleona river and of another preglacial stream which passes
through the eastern tier of sections, r ock occurs within 30 and
50 feet between Plainview and Maysville and within 80 and 150
feet elsewhere, water being commonly found a few feet below
the rock surfaoe.
.
In Winfield, Butler, and Princeton townships, outside 'of the
Wapsipinicon valley, water is found but a short distance below
the rock surface, which lies within 60 to 170 feet of the surface
of the ground on the upland back of the bluffs of Mississippi
river, at whose base rock outcrops. Northwestern Winfield
township, however, lies in Cleona Channel, and a series of wells
from 190 to 225 feet deep to rock in sections 15, 26, and 35 indicate a buried channel somewhat less deep and wide than the
Cleona, with an approximately south-north course.
In Sheridan and Lincoln townships and the western parts of
Le Claire and Pleasant Valley townships rock is generally found
at 60 and 70 to 150 feet, s~me wells reaching it, however, at 170
feet or even more. In the eastern sections of Le Claire and
Pleasant Valley townships rock occurs at or near the surface,
and wells passing through 30 to 60 feet of drift find water within 75 to 150 feet of the .surface of the ground.
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Devonian Provinoe.-In Davenport township rock is generally
entered at 80 to 170 feet, and water is found 10 to 50 feet below
rock surface. Along the Mississippi rock outcrops in the side
of the bluffs, but is covered with heavy drift and loess. A
buried deep channel is suggested by wells in section 12 which
strike rock at 212 to 230 feet, and a well in Davenport, on Gains
Street, said to be 200 feet t o rock. Thes'8 wells are aligned with
the channel traced near Leroy Grove, in \V"infield township, but
there are no well reports from the ,eastern sections of Sheridan
township, through which the channel connecting the two "deep
countries" would run.
In Blue Grass township, Devonian limestones lie 40 to 50 feet
below th~ surface about Walcott, and from 80 to 100 feet below elsewhere. In sections 1 and 12, however, two wells, one
:!30 feet to rock, and the other 275 feet deep, ending in sand,
probaby mark the southward extension of the buried channel
which stretches across the eastern tier of sections of Hickory
Gr ove towhship. No data are at hand to trace the channel south
of section 12.

Carboniferous Province.- The Carboniferous province in dudes the larger part of Buffalo township and parts of Rockingham, together with outliers in L e Claire and Sheridan townships.
Here beneath the drift the drill strikes the shales and sandstones of the Pennsylvanian series or Coal Measur,es. As the
water contained in these beds is meager ' in quantity and is, as
a rule, highly mineralized, wells are g,enerally dril1ed to the underlying limestones, where water of excellent quality is found
in ample amounts and with a head which lifts it high in the
well.
Outsid~ of Buffalo township the outliers of the Pennsylvanian
, are small in area, but as they occupy very ancient channels cut
in Niagaran dolomite, may reach 200 feet in depth. The following are typical wells in the Pennsylvanian province :

~---
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Log

01

well in Buffalo Township, BE.

14 BE. 14,

sec. 16.

ThiCkI
ness Depth
I
Clay, ycllow __________________________________________________________________________ Feet
20
Soapstone ________________________________________________ _____________________________
25
Slate ___________ __________________________________________________________________________
21
. Coal __________________________________________________________________________________ _
1
Fire clay ____________________________________________________________________________
2
Shale ___________________________________________________________________________________
20
Ooal ___________________________________________________________________________________
2!
Fire clay _________________________________________________________________________________
1
Limestone (DevonIan) __________________________________________________________________
66!

Loq

01

well

01

Fcet
20
45

4'11
48
50
70

72~

73~

. 140

LeOlaire Brick a, Tile Oorrvpany, Island Oity.

ThICk\
ness Depth

I

Shale, dark __________________________________ ______ __________________________________ _ Feet
90
Sandstone, white _____________________________________________________________________
6
Shale, blue _______________________________________________________
70
Sandstone ____________________________________________________________________________
9
Shale, blue _______________________________________________________ ._______________________
25
Limestone
(Niagaran) with water vein beneath the shale,_____________________________
water heads 4 feet from
surface ___________________________________________________
26
~____________________

Feet90
96
166
175
200
226

The White Sulphur Springs well is located in the NW. 1,4
sec. 24, Buffalo t.ownship. Its depth is 800 feet. It has a flow
of strongly sulphureted water. The well was completed prior
to 1870.
CITY AND VILLAGE SUPPLIES.

Bettendorf.-At Bettendorf (population, 909) the well of the
Bettendorf Improvement Oompany has a depth of 1,650 feet
and a diameter of 12 inches at top and 9 inches at bottom;
casing, 12-inch to 80 f.eet. The principal water bed is from 500
to 650 feet; flow, about 1,000 gallons a minute. Temperature,
65° F. Driller, John D. Shaw, of Davenport.
The Bettendorf Metal Wheel Oompany's well No. 1 has a
depth of 400 feet and a diameter of eight inches; cased to rock,
20 feet. The curb is 585 feet above sea level and the head 15
feet below the curb. T·ested. capacity, about 30 gallons a minute. Water somewhat sulphureted.

·
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The Bettendorf Metal Wheel Company's well No.2 has a
depth of 1,539 feet and a diameter of 10 inches to 60 feet, 8
inches to bottom; cased to .60 feet. The curb is 585 feet above sea
level; head not reported. The flow is 200 gallons a minute.
The well was completed in 1909 at a cost of $2,300 by J. D.
Shaw, of Sioux City.
Davenport.-Davenport (population, 39,797) is supplied with
water drawn from Mississippi river and filtered. It is distributed by gravity pressure, 65 poUnds, and direct pressure, 125
pounds. There are 72 miles of mains and 650 hydrants. The
works are owned by the Davenport Water Company.
The 30-inch cast-iron intake pipe opens 1,000 feet off shore,
the joints being all thoroughly calked with lead. The water
flows from the intake pipe into a forebay, which is screened to
prevent fish or floating debris from entering, and thence into the
well, from which the suction is taken. Well and forebay are
cleaned from 20 to 40 times a year. The water is then pumped
into a settling basin with a capacity ,of 5,000,000 gallons, where
it remains for 24 hours. This basin is cleaned once a year, the
sediment collected during this time amounting to about three
feet at the end of the' basin at which the water is delivered, and
one foot at the end where it is taken out.
From the settling basin the water flows through a flume
Dver a weir into the' coagulating basin with a capacity of 300,000 gallons, at whose entrance it is met by the coagulant solution. From two to five grains of sulphate of alumina to the gallon is used, the amount depending on the condition of the raw
water. The alkalinity is tested daily. The filter alum is dissolved
in tanks into which air is blown under pressure through pipes
at bottom. The solution flows by gravity to a lead-lined centrifuga} pump, by which it is lifted to an upper tank, which ,overflows into the bottom tanks, from which it is fed by gravity into
the water in the coagulating basin. This method is believed to
keep the solution at uniform strength and insure a uniform
head.· The water in the coa.gulating basin is given three hours
for the completion of the process, and is then pumped under
88
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pressure through the filters into the mai.~ distribution. Each of
the ten horizontal filter shells is 32 feet long and 7112 feet in
diameter. Each shell is divided into two ' compartments, in each
of which are five feet of san~. The filter shells are capable of
sustaining a pressure of 200 pounds to the square inch.
The bacterial efficiency is reported to range from 96 to 99.06,
the percentage increasing with the number of bacteria in the
raw water .
.An upper and lower distributing service is employed.

The
lower sEn'vice is supplied from the river station, which is designated station No.1, and serves, under direct pr·essure, the business se'ction of the town and that along the flood plain of the
river. At station No. 2 the filtered water is pumped into a
reservoir and the mains are so arranged that the pumps' can be
brought into commission at time of fire on the lower service to
aid the pumps of station No. 1. When fire occurs on the upperservice the pumps of station No. 2 supply direct pressure.
. The Davenport wateTworks supply the Iowa Soldiers ' Orphans' Home, whos·e daily consumption is about 15,000 gallons,
at a cost of 10 cents for 1,000 gallons. The supply had previous~y been drawn from a well on the O'rounds of the institution, but the capacity proved insufficient..
The sequence of formations at Davenport has been fully
treated by Udden' and by the writer,' and the correlations specified in the papers cited have been confirmed, on the whole, by the
records of wells drilled since their publication." (See PIs. XII,
p. 618, XV, p. 812.)
The surface rock at Davenport is 'the Wapsipinicon limestone of the Devonian system, the type outcrops of the Upper
and Lower Davenport limestones of the Iowa State Survey heing within the city limits near the water level of Mississippi
river. The Devonian includes ' shales (as shown by' the Kim'Water r e sources of IlJinoi s: Sev enteenth Ann. R e pt. U. S . Ge ol. Surv ey, p t. 2"
pp. 829-849.
'
'Artesian wells of Iowa : Rept. Iowa Geol. Survey, vol. 6, PP. 272 - 28 0.
. 3Many of the da ta a s to the newer wells w er e collected by Udden .
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ball House samples, and by the record of "caving material" of
the Malt & Grain Oompany's well No.2) which may be assigned
to the Independence shale member of the Wapsipinicon. The
base of the Devonian may be placed at 475 feet above sea level.
The samples from the Kimball House well, confirmed by other
well records, define the lower limit of the Niagaran and summit
of the Maquoketa at about 130 feet above and the base of the
Maquoketa at about 100 feet below sea level.
The Galena dolomite extends at least to 250 and perhaps to
300 feet below sea level. The undolomitized limestones and ac.
companying shales of the Platteville limestone meet the Saint
Peter sandstone at about 448 feet below sea level, according to
Udden. The records as to the summit of the Saint Peter are
Ringularly conflicting, however,. varying from 376' to 511 feet
below sea level. The· base of the Saint Peter sandstone is also
variously reported, and Udden's estimate of 524 feet below sea
level may be accepted as an approximation to its average place.
The Prairie du Ohien stage, on which the Saint Peter rests,
consists in its upper beds of shales and interbedded dolomites
which reach a thickness of more than 100 feet, In several wells
red marl is reported from this horizon.
The Jordan sandstone, which succeeds the Prairie du Ohien
at about 8QO feet below sea level, is at least 150 feet thick .a nd is
coutinued downward into sandy limestones and limy sandstones
of thb .saint Lawrence formation, from which its parting is iUdefined l~ ihe driller's logs. The shale from 1,268 to 1,308 feet
below sea Ie" dl may be taken as the basal portion of the Saint
Lawrence, the latter depth marking the summit of the Dresbach
sandstone. The deepest wells sho~v that the Dresbach is underlain by heavy shales, succeeded below by another sandstone. .
The first water obtained at Davenport comes from the Devonian at 440 to 480 feet above sea level. It may represent the
natural springs which rise from the Independence shale member
of the Wapsipinicon limestone along its outcrops. The water
is insignificant in quantity, but is noteworthy because of its
eorrosive qualities, which eat the casing from the outside, where
the drill hole passes through water channels.

,
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A second flow is obtained in the Galena dolomite at depths
of 108 to 242 feet below sea level. This is the so-called "upper
water" and is noticeably impregnated with sulphureted hydrogen. Aeration and relief from pressure insure a rapid and complete escape of the gas. The water is frequently separated from
lower flows. The yield has been generous" amounting in the
Witts well to 300 gallons a minute.
A third flow comes from the Saint Peter sandstone, which
has so far furnished the larger part of the discharge of the
Davenport basin and is the main water bed supplying wells
from 1,050 to 1,200 feet in depth.
'T he analogy o~ other localities, where observations as to discharge seem to have been more carefully made, testifies that the
Prairie du Chien stage, especially its middle and lower portions,
will also contribute largely to the flow of wells.
The Jordan sandstone at 745 to 945 feet below sea level may
,be depended on to yield ,generously with a head at present more
tb,an 20 feet higher than that of the Saint Peter.
The Saint Lawrence may be expected to yield little, if any,
water, but the underlying Cambrian strata contain a well-filled
reservoir 1,300 to 1,500 feet below sea level.
As is commonly the case when numerous artesian wells are
drilled in a small area, the Davenport artesian field has shown
from the beginning a progressive loss of pressure, lowering of
static level, and diminution of discharge. This has been specially marked in wells 1,200 feet and less in depth, in which the main
supply comes from the Saint Peter. The initial head of these
wells seems to have reached 651 feet above sea level, as shown
by the woolen mills well drilled in 1890. In 1891 an initial head
of 612 feet was reported, in 1892 initial heads of 606 and 631
feet, in 1893 of 610 f'eet, and in 1905 the initial head (at the Malt
& Grain Company's well) of the Saint Peter was less than 592
feet above sea level; all these heads are those of new wells and
are therefore affected by no causes other than overdraft.
'The head of the Jordan and lower waters remains higher than
that of the Saint Peter. Thus the head of the Park well, drilled
in 1888, was initially 682 feet above sea level and in 1895 had de-
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clined to 670 feet. It should be noted, however, that this well
is situated on high ground and is nonflowing. The initial head
of the Malt & Grai'n Company's well for the Jordan, drilled in
1905, was 612 feet and that of the well of the Bettendorf Metal
Wheel Company, drilled in 1909, is 606 feet above sea level.
In recent years the static level has been lowered by the use
of compressed air in pumping a number of the wells, and though
the discharge of the wells pumped has been increased to even
more than the initial flows the head of other wells has been
so reduced that they no longer flow. Thus the initial flow of
the four wells of the Corn Products Refining Company is reported at 1,413 gallons a minute. In 1908 the natural flow had
declined to 842 gallons, but with compressed air a discharge
is obtained of 1,635 gallons a minute. 'T he well at the woolen
mills yields at present but 25 gallons a minute under its natural
pressure, but with compressed air gives 225 gallons. The two
wells of the Independent Malting Company, which yielded in
1905 but 350 gallons, now pump 800 gallons. The well of the
Crystal Ice Company, which flowed 250 gallons, pumps 240
gallons a minute.
The flow from the deeper aquifers still remains fair in new
wells. 'Thus the new well of the Malt & Grain Company flows
150 gallons, that of the Davenport Malting Company, and that
of the Bettendorf Metal Wheel Company, each 200 gallons a
minute.
As the static level of Saint Peter waters is now below the
surface and the supply overtaxed, it is advised that new wells
be sunk to the Jordan sandstone and to the sandstones underlying the Saint Lawrence formation from 1,550 to 2,100 feet
from the surface, although wells of 1,000 and 1,200 feet in depth
will still yield largely under the pump.
The glucose factory has four wells. Well No. 1 has a depth
of 1,500 feet and a diameter of five inches. The curb is 562
feet above sea level, and the head in 1896 was 58 feet above
curb. The flow in 1896 was 230 gallons a minute; in 1908 it was
60 gallons a minute; tested capacity, under compressed 'air,
in 1908, 160 gallons a minute. 'The temperature of the water is
61 F. Date of completion, 1876.
0
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WeU No. 2 has a depth of 2,101 feet and a diameter of six
inches. The curb is 562 feet above sea level. The head in
1896 was 81 feet above curb; in 1905 it was 24 feet above curb.
The original flow was 380 gallons a minute; the p:Desent flow
is 228 gallons a ~inute; tested capacity, under compressed air,
380 gallons a minute. Temperature, 64° F. The well was com. pleted in 1889 by J. P. Miller & Oompany, of Ohicago.
Well No. 3 has a depth of 2,105 feet and a diameter of 6
inches. The curb is 562 feet above sea level. The original flow
was 400 gallons a minute; present flow, 264 gallons a· minute;
tested capacity, under compr:essed air, 530 gallons a minute.
Temperature, 64° F. The well was drilled in 1889-1892 by
J. P. Miller & Oompany of Ohicago.
Well No. 4 has a depth of 2,107 feet and a diameter of 8
inches. The curb is 562 feet above sea level. The ,o riginal flow
was 400 gallons a minute; present flow, 290 gallons a minute;
tested capacity, under compressed air, 565 gallons a minute. The
temperature of the water is 64° F. The well was completed in
1892 by J. P. Miller & Oompany of Ohicago.
Repairs hav,e been made only on well No.4, new casing to
650 feet having been inserted in 1906, slightly increasing the
flow. In 1905 these four wells discharged into the basin from
which the water is pumped. The wells ar,e situated not ~ore
than 240 feet apart, but no interference has been noticed.
Driller's log of glucose factory wells.

Surface material _______________________________________________________________________ Feet
52 Feet62
Limestone, bluish, sample at __________________________ _______________________________ ________
410
Shale ____________________________________________________________________________________ _______ _
~g

J!!t~tt~~~~~=~~~~~t~~~~~~~~~~~~~l--ll:m
The Park well has a depth of 1,797 feet. The curb is 704
feet above sea level. The original head was 22 feet below curb;
head in 1896, 34 feet below curb. The tested capacity is 125 gallons a minute. The well was completed in 1888 by J. P. Miller
& Oompany, of Ohicago.

UNDERGROUND WATERS OF THE EAST-CENTRAL DISTRICT

599

Record of strata in Park well at Dave.nport.:

_
_, /ThiCk-1
ness ' Depth
Feet
Feet
"Loess, " DO sample _________________ _______________________ .. ______ : ___________________ _
40
40
'''Bowlder clay," no sample ____________________________________ _______________ ______ _
60
100
Shale; dark, no sample _______________________________________________________________ _
SO
130
Limestone, pure', hard, gray, compact, fine-textured, nonmagnesian _____________ ~ __
220 ,
350
Dolomite; hard, highly vesicular, light pinkish buff, with casts of crinoid stems'
and casts of apex of Platystoma niagarense HaIL _______________________________ -30
380
Dolomite,
cream-colored,
highly vesicular, with obscure cast of_
bryozoanssubcrystalline,
____________________
______________________________________________________
400
20
Dolomite, hard, bluish gray, subcrystalline_________________________________________ _
490
90
Shale, lend colored, argillaceous, very slightly calcareo-magnesian, fossiliferous:
blackens in closed tube B. B.; ' turns white________________________________________
SO
520
Dolomite, white, arenaceous ___________________________________________________________ ,
80
600
Dolomite, hard, gray, subcrystalline __________________________________ ______________ _
50
650
Dolomite, hard, rough, brownish, white; some fine gray shale ______________________
75
725
Dolomite,
in color, ______________________________________________________________
with obscure casts of fossils referred t6 Zygospira______
50
775
Dolomite, lighter
light brownish
125
900
Dolomite, as above, with white chert _______________________________________________
50
g50
Dolomite, magnesian limestone, white ________________________________________________
75
1,025
Limestone,
light
bluish
gray,
nonmagnesian,
argillaceous;
in
thin,
flaky
chips____
50
1,075
Shale, green, pyritiferous _________________ _____ _____________ ___________________________
10
1,085
Sandstone, grains rather coarse, rounded, white and pinkish___________________
75
1,160
Shale,
indurated,
slightly
arenaceous,
fine-grained,
gray,
green
and
purplish______
30
1,190
Dolomite, light gray, arenaceous ___________________________________________________
60
1,250
Dolomite, light buff, arenaceous ______________________________________________________
50
1,300
Dolomite, buff, arenaceous ___________________________________________________________
100
1,400
No record ___ ________________________ __________ ______________________ ___________________,__
25
1,425
"S andstone" _____ ______ ______ ______ __________ ______ ____ ___________ _______ ________ __ ___
10
1,435
"Limestone" _____ ____ ____________ __________ __ __ ______ ______ ____ ________ ____ ________ _____
100
1,535
Dolomite, in minute fragments, with large admixture of siliceous sand ___________________ _ 1,797
'From drillings preserved by A. S. Tiffany, Davenport, Iowa.
~

~

The Kimball House well has a depth of 1,560 feet and a dinmeter of eight inches to 710 feet and four inches to bottom.
The curb is 579 feet above sea level. 'T he original head (of
lower water) was 58 feet above curb; in 1896, 20 fe,et above
curb; in 1908, below curb. A flow of sulphur water, 120 gallons
a minute from a depth of about 700 feet, was cased out. The
well was completed in 1890 (7) by A. K. Wallen. Betwe,en
,1896 and 1905 the casing became corroded and the upper and
lower waters mingled.
Record of strata in Kimball HOuse well.'

)ThiCk-!
ness
,"Modified drift" _______________________________________________________________________ _ Feet
13
Limestone, magnesian, compact, fine-textured, hard, light and dark gray________ _
67
48
Limestone, softer, lighter colored; similar in composition and texture to that above
subcrystalline, vesicular, light greenish gray; casts and_
Dolomite,
mOlds of hard,
fossilspure,
_____________________________________________________________________
47
Dolomite; as above, but darker _______________________________________________________ _
130
Dolomite; as at 128 to 175 feet ______________________________________________________ _
120
Dolomite, light bluish gray; with white chert ______________________________________ _
23
Shale, black, pyritiferous, noncarbonaceous _________________________________________ _
27

D~Jltb

Feet

13
60
128
175
305
425
448
475

,"
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Record of strata in Kimball House well-Continued.

Shale, blue _______________________________________________________ _
LImestone, blue, argillaceous, fossillferous ________________________________________ _
DolomIte, hard, rough, BubcrystalUne, medium dark bufL _______________________ _
Sand, tine, buff, largely dolomItIc, wIth rounded graIns of Q.uartz; also many
grains of pyrIte In minute, agglomerated crystals; water bearlng___ ..;. ______ _
"LImestone, soft, yellow, magnesIan;" no sample ____________________________ _
"LImestone, hard, buff, nonmagneslan;" no sample ____________________________ _
. "LImestone, argillaceous, ferrugInous;" no sample _____________________________ _

00
125

Ii66
690

40

180

45

115

50
00

900
990

15

850

'From samples supplied by A. S. TIffany.

The woolen mills well has a depth of 1,053 feet and a diameter
of 3% inches. The curb is 564 feet, above sea level. The original head was 87 feet above the curb; head in 1905, at curb.
The water at 85 or 120 feet, at 700 feet, and near bottom, was
corrosive, cutting the casing from the outside. The original
flow is unknown; flow in 1908, 25 gallons a minute; tested capacity in 1908, 225 gallons a minute. The well was completed
in 1890 by A. K. Wallen. New casing was inserted in 1895, in
1901, and in 1906, to 200 and to 280 feet below the curb and
each time a higher pressur,e was obtained.
The Witts's Bottling Works well has a depth of 780 feet and
a diameter of six and three inches. The curb is 575 feet above
sea level. The original head was 82 feet above curb; head in
1896, 59 feet above the ;:::nrb. The original and present flow is
300 gallons a minute, but is said to diminish whim the well of
Orystal Ice' Oompany is used. Date of completion, 1891.
Drillers, J. P. Miller & Oompany, of Ohicago.
The gas works wells Nos. 1 and 2 have depths of 1,200 feet
and a diameter of five to four inches; five-inch casing nearly to
bottom. The curb is 564 feet above sea level. 'T he head of
lower water, original, was 48 feet abov.e the 'curb; head in 1896,
48 feet above the curb; head in 1905, four feet above the curb.
Temperature, 65° F. The wells wer.e completed in 1891 by A.
K. Wallen.
The Schmidt building well lias a depth of 1,200 feet and a
diameter of four inches. The curb is 576 feet above sea level
and the original head was about 30 feet above the curb. Head
in 1905, less than the original. 'T he original flow was about 45
gallons a minute. Date of completion, 1892; driller, A. K.
Wallen.
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Driller's log 01 Davenpor t Malt & Grai n Oompany's wen No. $ • .

The Malt & Grain Company well No. 1 has a depth .of 1,076
feet and a diameter of 5 inches. The curb is 592 feet above sea
level. The original head was 39 feet above the curb ; the head
in 1896, 15 feet above the curb; in 1909, 14 feet below curb.
The water comes from depths of 700 feet and 1,055 to 1,076
feet. Tempe~ature, ' 62° F . The well was completed in 1892
by A. K . Wallen.
The Malt & Grain Company well No. 2 has a depth of 1,653
feet and a diameter of 12 to 5 inches; cased from 100 to 120
feet, t o shut out caving material, and from 1,100 to 1.135 feet.
The curb is 592 feet above sea level and the flow 150 gallons a
minute, the water rising 20 feet above the curb. The first flow
was from J or dan sandstone at depths of 1,385 to 1,535 feet.
Temperature, 64° F. The well was completed in 1905 by L.
Wilson, of Chicago. During the drilling of the second well
the flow of the first was per manently incr eased. The two wells
ar e 100 feet apart.
\

Thlck- \
ness Depth

Sand ______________________________________________________________________________ Feet
85
Hardpan and gravel ______________________________________________________________
81
Shale. sandy ______________________________________________ ;____________________
15
Gravel ________________________________ _____________________________________________
10
Loose limestone ____________________________________________________________________
11
Limestone _____________________________________________________________________________
Oavlng sand and gravel ________________________________________________________________
8
Limestone. sandy ______________________________________________________________
9
Shale _________________________________________________________________________________
11
Limestone. white __________________________________________________________________
161
Shale. sandy _________________________________________________________________________
15
Limestone. sandy ___________________________________________________________________
123
Limestone. brown
11
Shale. blue ________________________________________________________ -_________________
74
Limestone __________________________________________________________________________
to
Limestone and blue shale ____________________________________________________________
40
Shale. sandy _________________________________________________________________________
25
Shale. gray ____________________________________________________________________________ 100
Limestone ___________________________________________________________________________
16R
Limestone. flinty __________________________________ _______________ _____________________
"
Limestone. brown _____________________________________________________________ .,-_____
65
Limestone. caving ________________________________________________________________
7
22
Shale. blue and gray _________________________________________________________
Sandstone _______________________
62
Shale and caving rock ____________________________________________________
30
Limestone ___________________________________________________________________________
89
Limestone and blue shale ________________________________________________________
6
Limestone and shale. caving _______________________________________________________
22
Limestone and shale ________________________________________________________________
17
Marl. red. and limestone _______________________________________________________
49
Limestone. sandy _____________________________________________________________
40
Sandstone _________________________________________________________________ _______
60
Limestone. gray ___________________________________________________________________
100
Limestone. brown ________________________________ __ ________________________________
125
Limestone. sandy ______________________________________________________________
78
6~

~____

_~_____________________________________________________________ _ ______

~_

~__________________________________________

Feet
85
66
81
91
92i
IJ9

102
111
122

28S
298
421
432

506
596
636
661
761
929
931

996
1.003
1,025
1.087
1.117

1.156
1.162
1.184
1.201
1.250
1.290
1.850
1.450
1.575

1.65.3
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The Crystal Ice Company's well has a depth of 1,067 feet and
a di~mete'r " of six to four inches; eased to 1,067 feet. The curb
is 590 fe,et above sea lev,el and the original head 15 feet above
the curb. The original flow was 250 gallons a minute; tested
capacity in 1908, 240 gallons a minute. The first flow was at
about 600 feet. Temperature, 60° F. The well was completed
in 1893 by A. K. Wallen.
The Tri-City Packing & Provision Company's well has a
depth of 1,100 feet and a diameter of eight to five inches; cased
to 800 feet. The curb is 564 feet above sea level. The original
head was 46 feet above the curb; head in 1896, 46 feet above
the curb; head in 1905, seven feet above the curb. The original
flow was 250 gallons a minute. The water comes from 800 and
1,100 feet. Date of completion, 1893. Driller, J. P. Miller &
Oompany, of Chicago.
The Independent Malting Company's well No.1 has a depth
of 1,285 feet and a diameter of four 'inches. The curb is 573
feet above sea level (aneroid). The original head is unknown;
the head in 1905 was 20 feet above the curb; in 1909, nine feet
above the curb. The flow in 1905 was 150 gallons a minute;
tested capacity in 1909, 400 gallons a minute. Sulphureted
water comes from a dep.th of a little more than 700 feet; other
water from a sandstone near the bottom; waters separated.
Date of completion, 1896.
The Independent Malting Company's well No.2 'has a depth
of 1,285 feet and diameter of six inches. It is 175 feet distant
from well No.1. The head in 1905 was 12 feet above the curb
and the flow 200 gallons a minute. The tested capacity in 1909
was 400 gallons a minute. Date of completion, 1904.
The well of the Martin Woods Company has a depth of 415
feet and a diameter of 12 and 8 inches; casing, 12 inches for
48 feet, 8 inches, for 98 f.eet; space between casings filled with
concrete. The curb is 559 feet above sea level and the head is
cne foot above the curb. ' The pumping capacity is 33 gallons
a minute; temperature, 53° F. 'T he principal water bed is at
415 feet. Date of completion, 1910; driller, J. E. Shaw. On
'ompleting the well the head was found to be four feet below
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the curb, but in a few days the water had risen Within a few
inches of the surface. The use of a centrifugal pump has increased the natural flow.
The Davenport Malting Company's well has a depth of 1,998
feet (also reported as 1,880 feet) and a diameter of eight inches.
The curb is 560 feet above sea level (aneroid) and the head 45
feet above curb. The original flow was 200 gallons a minute;
present flow, 150 gallons a minute. The first flow was of sulphureted water at 800 feet; second flow at 1,750 feet. Tem·perature, 62° F. The well was completed in 1900 by Wilson &
Company, of Chicago.
The Independent Baking Company's well has a depth of 900
feet and a diameter of 10 inches. Water from depth of 100 feet
rises within 20 feet of surface; the flow comes from a depth 873
feet. Temperature, 56° F. Driller, J. D. Shaw. .
To better define the place of the chief water beds there may
.be added the lower portions of the logs of two wells across Mississipp'i river from Dav.enport.
Dog

01

lower part

01 Mbline

Paper Company's wen at Moline, Illlinoi8.

(Ourb; Ii64 feet above sea level).

Sandstone
Marl, red,
Sandstone
Limestone

Log

IT~~~!'l

Depth

Feet

Feet

(Saint Peter) _____________________________________________________________ _
and limestone ____________________________________________ Jor _____________ _
_________________ ______ ______ _____________________ ____-----------------------______________________________________________________ ------------------------

01 lower {part 01 Mitchell & Lynde Building well

65
16
101
50

1,141
1,457
1.,678
1,628

at Rock Island, Illinois.

(Ourb, 558 feet above sea level).
ThlCk' j
ness Depth

I
Sandstone (Saint Peter) ______________________________________________________---------Limestone ______________________________________________________ ---------------------Sandstone, compact ______________________________________________________ --------------

Feet
145
811 .
SO

S5

~!~~:~~~:
Limestone, :::::::~:::::::::::::::~:::::::::::::::::::::::::::::::::::::::::::::::::::::::::
shaly, and shale ______________________________________________________ -----

180

Sandstone ______________________________________________________ -------------------------

97

75

Feet

1,104
1,915
1,945
1,980
2,110
2,185
2,282
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Donahue.-At Donahue (population, 62) a small water-supply
system is owned by two citizens. Water from wells is pumped
to a tank with a capacity of 600 barrels. The number of taps
is reported as 50. Drilled wells 100 to 300 feet deep find rock
from 10 to 300 feet below the surface. Water from 150 feet has
a head of 20 feet below the curb.
Eldridge.-The waterworks owned by the town of Eldridge
(population, 217) consist of a well 180 feet deep, a tank, about a
mile of mains, 16 fire hydrants, and 50 taps. The consumption
is 800 gallons daily. The domestic and fire pressure is 45
pounds. Eldridge also uses cisterns and dug and drilled wells.
The wells are from 103 to 201 feet deep, averaging 130 feet.
They find rock at 100 feet. The water heads 90 feet below the
curb.
Le Claire.-Le Claire (population, 690) draws its supplies
from cisterns, drilled wells, and Mississippi river. The wells
are from 30 to 150 feet deep with an average of 60 feet. They
tap Niagaran dolomite at about 60 feet, and are in rock from
20 feet down. There are some small springs in the neighborhood.
Le Claire is 580 feet above sea level. An artesian well was
recommended for it in 1899 by W. H. N orton/ on account of
the steeply inclined layers of the .country rock which appa~ently
afford open waterways by which surface water may reach the
common wells now in use in the town. A deep well will find the
Saint Peter 900 to 950 feet from the surface and this together
with the supplies iound in the Galena and Platteville should be
adequate.

. Walcott.-The waterworks in Walcott (popUlation, 416) are
owned by the town. They include a well 85 feet deep, from
which water is pumped to a tank with a capacity of 2,000 barrels, affording a pressure of 42 pounds. There are a mile of
mains, 16 fire hydrants, and 128 taps. House wells in the village range in depth from 20 to 42 feet. The shallower wells
find water in gravel and the deeper in limestone, which is entered at 55 feet.
'Report on the geology of Scott County: Iowa Geological Survey, vol. 9, '1899, p. 605.
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Minor supplies.-The following table gIves data concerning
the supplies of minor villages:
Village supplies in Scott Oounty.

""...

.a
'"

Depth

'"
~

Town

Source of
supply

~

Nature of suppl y

Ft
Big Rock ___ Dug and drilled 14
wells.
Blue Grass __ Drilled wells _______ 35
Buffalo _____ Open and drilled 16
wells and clsterns_ 50
DIxon _______ Wells
Long Grove_. Drilled wells and 135
cisterns
McOausland Wells
______________ 16

Ft
180

§

'0

so

Q.

"""...

H ead belov
curb

0

Sprin gs

B

~

:;~
~ ~

s

.d

.d

o

I=>

"

I=>

Q.

"

0 ",

c.=
'"

"''''

A~

Feet
Feet Feet Feet
60 Llmestone_ 8-14 -14 - ----- ..
50 ________ ________
-25-50
None
24 ________ Limestone_ 4-10 -16 _____ _ Medium

Feet

80

90
270

160

75
ISO ________ 13&-170

__________________ -SO
Limestone_ 120 -40

::: ~I~:;:~. ~~~=~ d: --~~~~~~=~ -;~- ~~- 90-1: ----~~- ~:~~-~==~ - - - [~ 3: }~:::
60 _______ _ ______ ____________ ______ -10 ______ Small

o

Princeton a

a No report.

WELL DATA.

The following table gives data of typical wells in Scott county.
Typical wells in Scott Oounty.
======~=========7~=~==7=~==~==========

""..."
0

Owner

B

.::

"

c.

Q.

.d

A

A

'"

A

'"

0.0 '"
p:i"-

Feet

Feet

Feet

Feet

(Liberty).
Z . Parker ________ NE. ! NW. ! sec. 7__

118

J. Stoltenberg____ SE. ! sec. 7________
J. L. Andre ______ NE. ! NE. ! sec. 8__

90

Klahn _______ NW. ! sec. 8_______
G. Parker ______ SE. ~ BE. ~ sec. 8___

118
143

i sec.

.,'"

'"

"
""
~'"

.d

------------~--------------~~~

Dixon Olty Hotel SE. ! BE.

-",

0

:l

Locality

T. SO N., R. 1 E.

"""...

12.._

73

J. Holt ______ BE. i BE. ! sec. 18__

lOS

J. Fllnker _______ NW. i sec. 15_______
185
P. Mohr _________ NE. ! NW. ! sec. 17 ______ _
A. Paustian _____ NW. ! NE. ! sec. 9________ _

Q.

~~~

Remarks:
(Logs given in feet)

93 ______________ Yellow clay, IS; blult
60
80 _______ _ clay, 75.
150 ________
Yellow clay, 85; yellow
sand; blue and yellow
60
68 _____ _ clay to bottom.

Yellow clay. 40; sand;
remainder blue clay.

148 _______

657 Nearly all fine, blue, silty
quicksand.
60 _____________ Yellow
clay, 25; black
23

50

mUCk, 85.
60
75
60 ________

18 _______

740
782
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Typica~

wells in Scott Oounty-Continued .

.:::"

Remarks:
(Logs given in feet)

.S

Locality

Owner

.c

.c

o'"

o'"

Q.

Q.

Feet
Feet
Feet
I
Feet
Town of New Lib' lSW. ~ sec. 20 _______________ _
108
61)2 Yellow clay, 16; yellow
sand, 3; blue clay, 89.
erty.
100 ________________ Yellow clay, 16; quick·
A. Weise ---------INW. 1 NE. 1 sec. 20 ------sand, 10; blue clay, 74.
00 ________________ Yellow clay, 20; sand, 3;
W. N. Lensch _____ SE. 1 SW. 1 sec. 20________ _
blue clay, 67.
Do ___________ SE. 1 SW. ~ sec. 20_
00
60
30 ________ Little blue clay.
50
65 ________ Yellow clay, 25; red clay,
H. Schmldt ______ SW. i SE. 1 sec. 22_
115
105 _______________ _ 25; bowlders on rock.
M. Smallfleld ____ SW: 1 NW. 1 sec. 2~
165
H. Meinert __ ____ Sec. 26 _______________
48
36
E. Moeller ________ SW. 1 SW. ~ sec. 32
72
60 ::::::::
Yellow clay, 20; sand, 2;
blue clay, 38.
T. Xetelson _____ NE. 1 NW. 1 sec. 35
1288 _______________
22
672 •
150
J.'. Killian ________ SE. 1 SE. 1 sec. 16__
64
J. Killian ________ Sec. 16 _____________ _
125
clay
7~
J. Xetelson ------ ISE. 1 NE. 1 sec. 26
Thick
y.ellow
throughout.
T. 79 N., R. 1 E.
(Oleona).
O. Ginn ---------- 'I NW. 11 NE. ~ sec. 4__
72
42 _______________ _
W. Rheims _______ SW. 1 sec. L________
163
162 _______________ _
J. Schroder -----~ SW. 1 SE. 1 sec. 7__
108
80 _______________ _
H. Kroeger ______ 1SW. 1 SW. 1 sec. 9_
113
45 ________
595 All yellow clay.
J. Rathjen _______ SW. l SW. 1 sec. 12 ________________________________ Yellow Cillv, 35; blue
clay, 205; sand, 2.
H . Speth _________ NW. 1 sec. 13 ______________________________________ _ Yellow clay, ]0; blue
clay, 116; quicksand,
150; ends in gravel.
193 ______________ __ All slushy blue mud to
A. Franz --------- SE. ~ NE. 1 sec. 13 _________ _
rock, below a little yel·
low clay.
G. Paustian ------ NE . 1 NE. 1 sec. 14__ ________________________________ Yellow clay, 10; blue
clay,
268; sand and
gravel 2.
P. Paulson ________ NE. 11 NW. ~ sec. 16__
122
58 _______________ _
Do _____________ NW. 1 SW. 1 sec. 16
137
111 _______________ _
Lena Mumm ______ NE. 1 NE. 1 sec. 2L _____________________________ Yellow clay, 12; blue
clay, 236; sand and
.
gravel, 30.
J. Theil ___________ NE. 1 NE. 1 sec. 22__ ________________________________ Yellow c]ay, 16; blue clay,
~~; san~ and gravel,
~

=:::==::

~ ::=====~ ==:====:

H. Wessel ________ :NW. :j SE. 1 sec . 23 _________________________ . ________ Yellow clay, 20; sand, 10;
blue clay, 100; gravel,
3.
.
W. Rheims ______ ,ISW. sec . 4__________
161
146 _______________ _
J. Tesrow -------- INW. ~ sec. 2L ________________ ______________________ Yellow clay. 7; red sand ,

a

Durant ____________ ________________ J ______

~

_ _______ ._______________________

y:Jo~~1~y~lk5~r:!~ld,~;
·blue clay, 109.

T. 80 N., R.2 E:
(Aliens Grove).
D. Yale ___________ NW.

l SW. 1 sec.

99 _______ ___ " _____ Yellow clay, 20; blue
clay, stony, 70; hard·
pan, 9.
i NW. 1 sec. 20_
75 _______________________ Yellow clay, 20; blue clay
60; hardpan, dry, 6.
·No water.
:j SE. 1 sec. 20__
118 , 100 ________________ Blue clay , 70; sand, 30.
2~ _________________'________ ,_______ -'_______________ Yellow clay;
blue sticky
clay; quicksand; stop. ped in 50 feet of river
. sand.
.
i NW. ~ sec. 25 _______ __ _
246
1 SE. 1 sec. 27_________ _
472
228
29__

ill

I

M. King ___________ SE.

I

.
E. Richardson ____ SE.
O. H. Walton ____ Sec.

Wm. Blythe _____ SE.
Gilmore _____ ____ SE.

.
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Typical wens in Scott

aounty~Continued .

.!(

.!(

1:

1:

E

,9

<.>

Locality

Owner

E. O'Neil _________ SE.
H. Schultz ______ SW.

1 NE. i

i

SE.

i

sec. 28-.

H. Stahft _______ NE. i SW. i sec. 33__

<>

<.>

;';d

-'"
'"'"
ij]",

.'lCo

.c

.c

~

'"

~

'"

~

Feet
323

Feet
312

Feet

~

sec. 33 __ --------

250

H. Latrode ______ NW. i NE. i sec. 33 __ .------Town of Donabue NE. i sec. 36__________ -------Do _____________ NE. i sec. 36_______
160

'607 .

-a~(J

~

Remarks:
(Logs given in feet)

o..o~

'"

~

~d.......

Feet
448 Yeliow clay, 50; sand,
50; mostly blue clay;
coarse gravel.
113 ________________ Yellow clay, 16; quick·
sand; blue stony clay
to 50; sand Rnd grave)
2; blua clay, 61.
240
440 Mostly quicksand; 100
feet of sand in one bed.
212
508
100
157 ------8" ======== Yellow clay; blue clay:
quicksand, 15.

T. 7!lN., R. 2E.
:Hlckory Grove.)
H. Klindt _~ ______
O. Rock _________
F. Rock _________
P. Burmeister ___
M. Spelletlch ____
M. Spelletlch ____
J. Soutter _______
P. Burmeister ___
Do _____________
H. Arp __________
J. Kerker ________
P. Meyer _______
O. Meyer ________
B. Painter _______
Ira Burch ________
Hans Joens ______
J. Steenbock ____
Maysville
-------A.
Lage __________
H. KlIndt ________
G. Golinghast ___
M. Spelletlch ____
J. Paustian ______
M. Gries _________
W. Fry __________
SCh~Olhouse ----E. indt _________

C. Paustian _____
Geo. Deiti _______

SE. i NW. i sec. 2__
81
NE. ! SW. :I: sec. 4__
82
SE. ~ NW. i sec. 4__
150
NW. i NE. i sec . 4___
74
SE. ! SE. i sec. 5____
77
SE. i SE. ! sec. 7___________ _
NE. i SE. ! sec. 8___
77
NW. i NW. :I: sec. 9 _______ _
SW. :I: NE. :I: sec. 9_________ _
SE. i SW. :I: sec.9__ -------SE. i SE. :I: sec. 9_________ _
NW. :I: SE. i sec. 10 -------SW. i SE. i sec. 11._
81
NE. i sec. 12 ________ -------SW. :I: SE. ! sec. 12__
191

71

72
144
70
69
55
30
70
80
50
40
80
67
215
190

6 ______ _
665

47
75
85
53
64
95

525 0550 Yellow clay, 40; blue till,
150.
SE. ! NW. :I: sec. 13
157
155 ___________ _____ Water on rock.
SW. :I: SE. :I: sec. 13_
212
203
502
Sec.
-------------130
120
-------- All yellow clay.
NW. 15
i SW.
:I: sec. 16.
91
85 -------________________
SW. ! SW. i sec. It
74 ________________________ Ends in rock.
SE. ! sec. 17_________
78
50 --_____________ _
SW. i SE. :I: sec. 18 _______ .
270 ________
510
SE. i NE. :I: sec. 19__________________________________ YelloW clay, 20; sand, 5;
blue clay, 105; gravel,
7.
555 Below 100 feet all quick·
SW. :I: SW. :I: sec. 22
170
165
sand and sticky clay.
NE. :I: SE. i sec. 24 __
534 Yellow clay, 17; blue clay
208
206
hard, 60; sand, 129.
~ :1:1S~E! sec. 26_;
250
215 -------525
1
15; blue
.
. :I: sec. 21 ________ -------- -------- -------- Y~¥~;: c
quicksand;
1
ends In gravel.
NE. :I: NW. i sec. SO
143
130 ________________ Yellow clay, 20; sand, 5;
blue clay, 105.
SW. :I: SE. i sec. 31 _______ _________________________ Yellow clay, 15; quick·
sand, 5; blue clay. 30;
gravel, 5.

I

:!'

A. H. Lamp ______ NW. i NW. :I: sec. 33 _______________________________ Yellow clay, 20; sand, 6;
blue clay, 58; gravel,
2.
Maysville Creamery _____________ NW. i SE. i sec. 15
90
650 Yellow clay, 16; Quick90
sand, 10; greenish clay,
64.
230
________
510
Quicksand,
60; rock.
J. Plambeck _____ SE. :I: sec. S6_______ _
240
80 _~" _____________ Yellow clay, 40; blue
J. Soutter _______ NE. i sec. 8_________ _
90
.
clay to rock.
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Typical wens in Scott Oounty-Continued .

...

<:)

...

0

0

..

$)

Locality

Owner

.d

;;.

1'. 78 N., R. 2 E.
(Bluegrass. )
8. R. Mlller______ SW.
W. Arp __________
G. Muhl __________
H. F. Strohbeen_
Walcott
________

J. Franz ________
H. Goering _____
Do _____________

H. Meyer _________
Eggert Puck _____
A. Le Buhn ______
H. Schllchtlng____
Schoolhouse No.3
T. 77 N., R. 2 E.
(Buffalo) .
E. James ______
L. Daure: _______
Barnwick ________
F. Beh _______ _"___
J. Murray ________

i

SW.

.d

;;.

'"
. ~:
..iil",'"
<:)

.S
;l

~~~

~

'"

~

'"

~

'"'"

~-;J~

Feet

Feet

Feet

Feet

Remarks:
(Logs given in feet)

i

sec. L ______________________ Yellow clay, 85; blue,
hard clay to bottom.
Did not cave.
100 _______
660
SW. i SW. i sec. 3_________ _
SW. i sec.
104
40
54 _______ Boft white limestone.
47
48 _______ _
SW. 6i _____________________
SW. i sec. 5_
90_
Sec.
50 ________________ Yellow clay, 14; sand, 6,
blue pebbly clay, 81.
NE. i NW. 1 sec. 8
89
86 _____________ _
NW. i sec. 10_______
101
91 ______________ _
SW. i SW. i sec. 10_
118
90 ____________ _
NW. i NE. i sec. 12
256
285 ______
50(
SE. i NE. i sec. 12
210
204 ________
536
NE. i NE. i sec. 16 _____________________________ Yellow clay, 20; sand, 6;
blue clay, 50; gravel, 6.
BE. i NE. i sec. 28
120
NW. i sec. 19____ _
1~~
----i22:::::::
Yellow
clay, 20; sand, 10;
200
blue clay, 48; white
limestone, 122.

5_______

BW. i sec . 3_______ _
1 NW. i sec. 8
BE. i BE. i sec. 16
NE. i sec. 18______ _
NW. i sec. 10 ______ _
NW.

316
270

144
201
805

85 _____________ Limestone, 100.
50
20
100 ::::::: ::::::: Limestone, 161.
35 ________________ No coal; limestone, 160.

T. 80 N., R . 3 E.
(Winfield) •
O. Gillian ________ SE. 1 SE. 1 sec. 7_____________ _________________ Sand, 20; hard, blue,
pebbly clay, 120; sand,
5; gravel, 5.
36 ________ Sand, 15; yellow clay, 10;
St. Ann's Ohurch SE. i SW. "! sec. 14
64
100
blue clay; a little sand.
P. Jones _________ NW. i NW. i sec. 15 ________
190 _______
530
School No . 3______ NW. i NW. i sec. 16 _______________ _________________ Sand, 70; blue clay, 20;
153 ______________ _ gravel, 4.
N. Denklau _______ SW. i NW. i sec. 19
173
220 ________
505
A. Brownlee _____ NW. i SE. i sec. 26 _______ _
120 ___ ,---- _______ Yellow clay, 60; hard
J. Robertson ____ NE. i NE. 1 sec. 27_
121
blue, stony clay, 70;
sand and gravel, thin.
555
J. Neil ___ _________ SW. i SW. i sec. 35 _______ _
225 ________
________________
Yellow
clay, 20; blue
A. D. Brownlee ___ i mile north of Long
256
220
Grove.
clay, 140; sand and
/!"ravel, 30; blue clay,
SO.
P . E. Jones ______ Southwest of Noels ________ _
190 ________________ Blue clay. 100; much
sand beneath It to
T. 79 N., R. 3 E.
rock.
(Sheridan) •
O. Clapp _________ SW. i NE. i rec. 2__
128
122
J. Lensch ________ SE. i BE. i sec. 2__
118
114
O. Meier _________ SW. i SE. i sec. 4__
199
100 :::::::: :::::::: Yellow clay, 25; old son,
JO; blue clay, 65; coal,
2; Shale, 97.
560 Shale, 37 .
J. Paustian _____ NE. i SW. i sec. 5_
237
200 ________
J. T. Cooper _____ SW. 1 SW. i sec. 5
145
140 ______________ Yellow and blue clay;
gravel on rock.
Eldridge _________ SW. 1 sec. 11_______
135
127 ________________ Yellow clay less than 20;
mostly
blue
clay;
ends in limestone.
ISO
600
Eldridge Creamery NW. 1 NE. 1 sec. 14
201
Chas. Erhsam ___ NW. i NE. i sec. 20 _______ _
72
658
W. Hughes ______ NW. i SE. i sec. 33
ISO
170
270 -------- ----,70- Mostly hard blue clay.
Claus Lamp _____ SW. i SW. i sec. 19
285
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Typical wells in Scott County-Continued.
."I

."I

8
.£

8
.E

~

~

-...."' ..

'"

p::"-

<.>

Locality

Owner

.c

.

Co

<.>

c.

c.

<1>

~

~

~

<1>

<.>

;;'"

~~Qj

Remarks :
(Logs given in feet)

<.>0.
0.0 <1>

T. 78 N., R. 3 E.
Feet
Feet
Feet
Feet
(Part of Davenport).
School No. 2______ NE. i sec. 7________________________________ Yellow clay, 30; sand, 10;
J. Oarlin ________ SW. 1 SE. 1 sec. 10
1(0
115 _______________ _ blue clay, 80; gravel, 2.
G. Oonklin ______ SW. i NW. i sec. 11
106
90 _____________ _
M. Boyle ________ NW. i SW. i se.c . 18
94
85 _______________ _
J. Armel __________ ____________________
246
202 _____________ _
Dr. G. T. Maxwell ____________________
180
100 _______________ _
Schuetzen Park __ ______________________
240
160 _______________ _
J. Hever _________ SE. ; SE. 1 sec. 21__
200
165 _______________ _
Thos .. Sindt ______ NW. i NW. i sec. 7
167
160 ____________ _
T. 78 N., R. 4 E.
(Parts of Davenport and Pleasant Valley).
I. Barr __________
O. Van Evera ____
R. Schaefer ______
J. Barnholdt _____
H. Wiese _________
I. Barr __________
F. Thomas _______
O. Oarstens ______
A. J. Partrldge___
I. Barr ___________
J. Barr ___________
Wm. O. Schaefer
J. L. McOullough
E. S. Kellog ______

SE . ! NW. i sec. 4_
SW. ! sec. 4 ________ _
SW. ! SW. i sec. 4__
NW. 1 sec. 5 ______ _
NE. i sec. 6 _______ _
NE. i SW. i sec. 7_
NW. i SW. i sec. 9_
SE. i SW. i sec. 17_
NE. i NE. i sec. 18
NW. ! sec. 18_______ _
SE. ! NE. i sec. 18
NE. i SW. i sec. 19
SW. i sec. 20_______ _
NW. i SE. i sec. 18

T. 80 N., R. 4 E.
(Butler).
Gambril ___________
J. Henry ________
Do _____________
E. Mueller ________

Sec. 7 _______________________ _
NE. i SW. ! sec. 22 _______ _
NE. i SE. ! sec. 22__ ________
NW. i NW. i sec. 35 _______ _

160
116
85
98
94

167
168
188

106

90

66
93

160
105

100
90

80

88
79
142
150

120
90
70
58

80
90
90

626

100
62

60

T. 79 N., R. 4 E.

(Lincoln and part
of Le Claire).
D. Arp ____________
r. Barr ____________
J. H. Barr________
M. Jones _________
M. Thompson ____
H. Schroeder ____
M. Barr __________
G. Leamer ________

SW. i NW. i sec. 2
180
NE. l NE. i sec. 7__
121
NE. i SW. :\ sec. 22 _______ _
SE. i sec. 23________
150
NE. i NE. i sec. 27
182
SW. :\ SW. :\ sec. 38
75
SW. i SW. :\ sec. 26
116
NW. i NE. i sec. 25_
881

120 ________________ Ends In limestone.
101

86
210

-------- ----630- Shale,

J. Stafford _______
H. Stafford ______
G. Hyde __________
Porters Oorners __

SE. ~ NW .. :\
NE. i SW. i
SW. II NW. i
NE. i NE. i

150
100
80

======: =======

sec.
sec.
sec.
sec.

86
86
36
25

246
121

100
805

190
120
175

65

550

665

210-875;

ends In

limestone.

LImo rock, ro.
175 _______________ Yellow clay, 30;
sand; blue till;

Quick·
shale,

100; limestone, SO.

T. 80 N., R. 5 E. \
(Part of Princeton).
T. Carroll ________

39

~'W.

! NE. 1 sec.

30 ______ _

60 ____________ _
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Typical wells in Scott County- Concludecl

.,.
e"
Owner

T. 79 N., R . 5 E.
(Parts 01 Prince·
ton and LeOlalre).
O. Fulmer ________
C. Like ___________
O. Pcaslee ________
W. Florence -----J. Brown --------J. Wilson -------J. O. McGinnis---W. H. McGinnls __
M. Miller __________
M. Wilson ________
T. Taylor ________
H. Stone _________
J. Suiter _________

.,.
"e

0)

"
"''''
~~

'"

3
:Sa

.S

:50.
0

0

0

,,0>
0.0 '"
~

Feet

Feet

Feet

Feet

Locality

NW. i NE. 11 sec. 4__ --_____ _
NE. i SE. i sec. 4__ ------__
SW. 11 SW. i sec. 9________ _
SW. i SW. 11 sec. 5_
82
SW . . i NE. i sec. 17_ - ______ _
SE. it NW. i sec. 21 _______ _
SE. ~ NW. i sec. 30
250
SE. i NE. i sec. 30__
150
SW. i NE. it sec. 31_ --_____ _
NE. i sec. 82__________
150
NE. i sec. 32_________
75
SW. i sec. 32 _______________ _
NW. i SE. it sec. 33 -----__ _

.Q

Q.

'"

<:.>

",0)

.!ld>"@

Remarks:
(Logs given in feet)

.-

80

100
169
70
100

551
630

100
170
120

150
60
55

61
35

T. 78 N., R. 5 E.
(Parts
of
Le
Claire and Pleas·
ant Valley).
J. McCaffry ____ .. NW. i sec, L ________ .-_____ _
A. Schurr _________ NW. i sec. 4_________
78

40
50

======== ========

Yellow clay. 25; blue
clay to rock; shale.

T. 77 N .• R. 3 E.
(Rockingham) .
F. J. Shaeffer____ NW. it sec. 5_______ _
Walnut' Hill School NE. i NW. i sec. 5__
J. A. Punt ________ NW. i NE. 11 sec. 5__
Fairview SchooL __ NE. i SE. i sec. 7__

216
225
186

40 ________________ Shale, 40 to 206.
40 ________ ________
Do.
30 ________________ Shale to 10 feet of bot·

tom.

110 ________________________ Shale

and blue clay In
alternate layers.
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rAMA COUNTY
BY W . J. MILLER.

TOPOGRAPHY.

Tama county may be roughly divided into northern and southern provinces of about equal size. In the northern half of the
county the Iowan drift forms the surface and its characteristic
topography is shown by a gently undulating surface. The hills
are low andbroad and the drainage is fairly good. Wolf cr,eek,
which flows from west to east across this region, has cut out a
broad shallow valley, modifying the generally more level surface. The southern province, including most of southern Tama
county, is loess-covered and has a much more hilly and rugged
topography. The hills are higher and the region is dissected
by numerous small streams, giving a good drainage. Iowa
river, the largest stream in the county, enters this province at
tne west and leaves it at the southeast; its valley is broad and
deep.
'GEOLOGY.

The drift formations are represented by the Nebraskan, the
Kansan, and the Iowan. The Kansan drift extends over the
entire county and is everywhere covered by either Iowan or
loess. In some localities the Kansan is known to be underlain
by small ar'eas of Nebraskan. The Iowan drift is spread over
three-fourths of the county, everywhere concealing the Kansan,
and, is,in turn, partly covered by loess. From the northern half
of the county, which is all Iowan-drift covered. one tongue of
Iowan extends southward to Toledo, and another southward,
on the east side of Salt creek, to Irving. The southwest corner
of the county is also Iowan-covered. The loess covers most of
the southern portion of the county and a narrow strip' of the
northern portion along Wolf creek. These drift formations, as
f5hown by well sections, range in thic~ness from 200 to 400 feet.
Immediately below the (irift and extending over all the county
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except the extreme northeast corner are Mississippian (Lower
Carboniferous) shales and limestones. (See PI. XI, p. 458.) The
northeast corner probably shows some Upper Devonian limestone.
Viewed broadly, the drift deposits may be said to be. spread
over the county in nearly horizontal beds with local thickening
or thinning. The old rock formations show a slight inclination
westward.
UND.I!1RGROUND WATER.

SOURCE.

Water is found in sand and gravel beds in the 'drift and in
limestones in the deeper formations. As a rule, an abundant
supply is readily obtained, especially from the deeper drift and
from rock wells. All the waters are generally of good quality,
but always hard.
By far the most important aquifer in the drift is the sand o~
gravel at the bottom of the blue Kansan clay. This. waterbearing stratum is absent in a few places only. Nearly everywhere it underlies a so-called hardpan, which is merely a tough
compact clay which serves to confine the water in the porous
sands and gravels. This aquifer-is seldom struck at less than
200 feet or more than 400 feet below the ground surface. Water
obtained from this source is very persistent and abundant.
Other aquifers ,occur as sandy layers higher up in the drift
(blue clay), but these layers are local in their extent, and water
supplies from them are in many places small and not persistent.
In many surface wells in the yellow clays or in the alluvium
along the streams the supply fluctuates according to season.
A very important water bed in Tama county lies just below
the drift in the limestones or shales. Sometimes a good supply
is struck soon after entering the rock and at other times the
drilling must proceed a hundred feet or more. Many of the
recent farm wells are rock wells with a never-failing supply of
good water.
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PROVINCES.

All the southeast portion of the county may be looked upon as
a . separate underground-water province. It possesses two
in the drift and
types of flowing wells-those which originate
.
those which originate in the underlying rock formations.
The region of flowing drift wells forms a part of the wellknown Belle Plaine artesian basin, which extends into Benton,
Iowa and Poweshiek counties. In Tama county this basin extends northward to Elberon and Vining and westward to Chelsea. The flowing wells receive their supply from a bed of sand
and gravel which underlies the impervious blue Kansan clay.
The drift deposits, which were laid down in the trough cut by
the preglacial Iowa river, slope downward toward the lowest
part of the trough in the vicinity of Belle Plaine, developing
sufficient head to cause flowing wells in the lower portion of the
drift-filled basin ..
Closely associated with the flowing wells from the drift are
others whose water is derived from rock formations below the
drift. Wells of this kind occur within the drift flowing-well
basin and also as far north as Clutier and as far west as Long
Point. The source of water is usually a limestone (Devonian),
which underlies a thin bed of shale (Carboniferous), the shale
acting as an impervious covering.
Aside from the region of flowing wells all of Tama county
may be looked upon as a single underground-water province.
SPRINGS.

Springs in Tama county are of little importance, consisting
almost invariably of small seepages from the drift materials,
especially along the main waterways.
CITY AND VILLAGE SUPPLIES.

Tama.-The town of Tama (population, 2,290) is supplied
with water under a domestic pressure of 60 pounds and a fire
pressure of 100 pounds. There are four miles of mains, 36 fire
hydrants, and 160 taps. About 1,400 people consume 200,000
gallons daily. Ordinarily the water is good, but hard.
'Mosnat, H . R., Artesian wells of the Belle Plaine area: Rept. Iowa Geol. Survey,
vol. 9, 1899, pp. 621-662.

,
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A forecast of the loc?'!"l artesian conditionb made by W. H.
N orton is as follows: Tama is 820 feet above sea level. At
about 550 feet above sea level the drill may be expected to enter
the Devonian limestone, leaving behind shales of the Kinderhook and shales of the Upper Devonian, not easily distinguished
from them. The Devonian yields largely, as is seen in the city
well at Toledo and in the first rock flow found at Belle Plaine.
The waters of the drift and of the Kinderhook are exceedingly
poor in this vicinity and should be carefully cased out before a
test of the Devonian water is made. Both Devonian and Silurian
waters should be of good quality, but it is possible that the former may have been contaminated by interior higher waters which
have descended to their level, and that the gypseous beds of
the Silurian extend this far to the east and add a large calcium
sulphate content to the water. The Maquoketa shale (Ordovician) may be estimated to extend from sea level to 200 or 250
feet below it and will be found dry. Passing through the Galena and Platteville limestones the drill will come to the Saint
Peter sanastone at 475 to 550 feet below sea level. Below th~
Saint Peter the drill will enter the Prairie du Chien stage, the
upper formation of which, the Shakopee dolomite, a creviced
dolomite, should add materially to the supply. The other formations of this group (the New Richmond sandstone and the
Oneota dolomite) are also large contributors of artesian water.
At 400 to 500 feet below the summit of the Saint Peter the main
water bed, the Jordan sandstone, should be reached. Drilling
contracts should provide for continuing, if necessary, to 1,100 or
1,200 feet below sea level or, in round numbers, to 2,000 feet
below the surface. The water should head at about 800 feet
above sea level. .
The excellent water obtained at Grinnell in well No.2 encour·
ages the belief that at Tama also water of low min.e ralization
may be secured from the Cambrian and Ordovician water beds,
provided the heavily mineralized waters are completely excluded . .
The well of Mrs. A. Huber, near Tama (NE. 1,4 sec. 26, T. 83,
,R. 15), has a depth of 816 feet and diameter of two inches. The
curb is 880 feet above sea level and the head 20 feet below the
curb. Water was found at 361 feet and at 450 feet, the latter
heading at the curb. Lower veins .have lower heads. Rock was
reached at 108. feet. Date of completion, 1893.
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Driller's ,estimate (generalized), Mrs. A. Httber's well.

/

ThiCk. /np'pth.
ness.

SOil, black ___ •__ •. _. _______ •____ . __ ._. ___________ • _____________ .. _. ___ . _____ ._. __ .. __ 1!'e.Cf2 Feet2
18
20
Clay, yellow (loess) _. ______________________________ . ________________________ •. _______
Olay, blue (Kansan) ___ . _____ . ___ •_____ . _________ __• ______________________" __ ._________
64
l34
"Hardpan" (shale and limestone?) _______ . ____ • __________________ .__________________
170
21>4
Flint _.. __ ._ •.... __ ._•. ______ ._. __ ••• ______ •___ ._. ___________ ._._. __ • ______________ .____
255m
Limestone __________ .. ___ . __ .. _._. ___ . _____________ .. _. ___________ .. _____ .. ___ ._. ______ ._
40
Limestone, flint, shale, etc. _____ ._. ___________________ . _._. ____ •_______________________ •____________:
1~

295~

This is the deepest well in Tama county. The water is
strongly mineralized_ Analysis has shown iron) soda, magnesia, sulphur, etc. The mineral content is said to be decreasing.
Toledo.-At Toledo (population, 1,626) water is delivered
under a pressure of 80 pounds through 4% miles of mains to
36 fire hydrants and 230 taps, supplying 1,500 persons with
60,000 gallons 'daily. The water is of good quality, but is hard.
The city well has a depth of 3441/2 feet and a di:;tmeter of six
to five inches; cased throughout except in limestones. The
head is 30 feet below the curb, the water coming from 343 feet.
The capacity is 500 gallons a minute. The well was completed
in 1905.
Driller's log of city well at Toledo.
Thick. !n Cllth.

I ness.
Clay and sand ___ . ____ •. _..•••.. ___ . __ ..••.. ___ .. __ ... _. ______ •.. _________ .. _._. ______ ._.
Quicksand and water __ .. ____ .• _._. __ .. _. ____ ••. _____ •________ . ____ ._. __ •. _____ . __ .. __ ••
Clay ___ . __ .. __ . _____ .• ____ . ________ ._ ... _._. ___ ._. __ • ___ .. ___ . ________________________ _
Quicksand __ ._. ____ .• _. __ ._.. ____ •• _._. ___ ._._ •.. ____ . __ . ______ . __ •___ . _____ •___ .. ______ •
Olay ______ •_____ .• _•• _____ ._. ___ . ________________ •_______ ._._. ______ .. ________________ _
Limeston e; water bearing near top_._ .... __ .. _... _... _. __ . __ •.... ____ ... _. _____ ... __
Shale (Kinderhook) _. _____ . _____ •____ • __ •___ . ____ •__________ •_____ •___ •__ •••• _._. _____ _
Limestone _____ ._. _______ ._._. _______ •_____________ . ___ . _______ .• __ • ______ • ______ •. _. __ ._
Shale ___ . ____ .. ___ . ___ ._._._. _______ • _________ •_______ ._. __ .. _. _________________ . _____ .•.,

Feet
25
6

50
12
18
S2
180
40
1~

~'eet

25
81
81
93
III
143
303
843
34H

Toledo is 852 feet above sea level. It is so near Tama that
jts deep-well forecast may be considered to be identical with
that of the latter place. (See p. 614.)
The Tama County Farm well, which is located 21/2 miles
north of Toledo, has a depth of 445 or 545 feet and a diameter
of 6 to 3% inches. Its head is 150 feet below curb. The
water comes from 345 feet in Devonian limestone and from 245
feet in drift sands. It was drilled by McLurk Brothers, of
Traer, and was completed in 1896 0).

616

UNDERGROUND WATER RESOURCES OF IOWA
Log of Oounty Farm wen near Toledo.

Thick. Depth.
ness.
Pleistocene:
Olay, yellow, and sand _____________________________________________ _ Feet
60
Olay, blue, and bowlders_____________________________________________ _
150
Olay, hard, yellow and blue, and pebbles________________________________ _
40
Sand (water bearing) __________________________________________________ _
40
Oarbonlferous (Mississippian):
K1nderhookShale _______________________________________________________ _
100
Devonian:
Limestone and water __________ _
100

Feet
50
200
240
246

845

445

Tmer.-The Traer town well, 249 feet deep, 54 feet of which
is in rock, yields 200 gallons a minute to a steam pump. The
water, which is from limestone, heads 189 feet below the curb.
It is distributed by gravity with a domestic pressure of 55
pounds and a :fire pressure of 160 pounds, through two miles of
mains to 20 :fire hydrants and 150 taps to 800 persons, who consume 25,000 gallons daily. The water is good, but hard.
Drmer'.~

log of town

01 Traer wen.
'J:blck.\Deptb.

I ness.
Olay, yellow ___ ____________________________________ __ _____________________________ ___
Olay. blue;
some water-bearing sand________________________________________________
Shale
_____________________________________________________________________________
Limestone (water bearing) _______________ __________________________________________ ___

Feet5

Feet 6

ItO
35

195
230
249

19

Though the high elevation of Traer (916 feet above sea level)
precludes any hope 'of a flowing well, water should rise within
easy pumping distance from the Saint Peter sandstone and the
subjacent Ordovician and Cambrian water beds, the static level
of whose waters is probably somewhat higher than 850 feet
above sea level, or less than 70 feet from the surface.
The Saint Peter will be encountered at about 250 feet below
sea level, or 1,170 feet from the surface. Small yields may also
be expected in the Galena and Platteville limestones overlying
the Saint Peter. Wells should be sunk 500 or 550 feet below
the summit of the Saint Peter in order to tap the far larger
reservoirs of the Prairie du Chien stage and the Jordan sandstone, which underlie the Saint Peter. A well about 1,700 ot'
1,750 feet deep is indicated.
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WELL DATA.

The following table gives data of typical wells iln Tama
county:
Typical

wens 01 Tama county.
i1

e

Owner

:S

.E
:S

~

~

Loeation

'"'"

"';..
,,«'"
"",

0"

Ill '"

Remarks:
(Logs given in feet)
'0

os
tIl'"

880

Feet
111 L1mestone_
106 ____ do ____
None . Drlf.. sand_

---- ----

Z10

196 Limestone_

Jobn Earhart ---.. - 7 miles north of
Toledo.

866

Town of Traer_____ Traer
Tama OountY2~ mlles--north
Farm.
of Toledo.
Fred Praher _____ Orystal

249

-150 Black soil, S; blue clay
and pebbles, 120; san~
and some water, 3; blue
clay and pebbles, 239;
rock (limestone) an~
water. 1.
Limestone_
195 ____
-189
do
___
_
246
-150
___ do ____
800
-100 Hard water • Yellow and
blue clays, 287; "bardpan" or bard clay, 10;
sbale and some water,
8; limestone and water,
7.
___ do ___
800
-150
806 ____ do ____ -120 Yellow and blue clay and
"hardpan" or hard
clay, 306; limestone, 4.

Town of Tole~o __ Toledo _______ _
Hrs. A. Huber____ Tama _________ _
John Hodecheck. __ 2 miles north of
Vlnlng.

Frank Krizek ______ Olutler

.. -----

Pete Schmidt ____ 21 miles south
of Traer.
O. Angel ------- 8 miles east of
Gla4brook.

.Feet
S46
816

'"'"

"0

- SO
- 19
-120 Hill.
Yellow clay, 40;
bluish clay, S5; sand
(water bearing), 11; blue
clay, 288; sand and wa·
ter, 6.

+ 18

Strong flow. Dark soil,
10; sand and clay (wa·
ter bearing), SO; blue
clay, 156; limestone and
water, 14. At well bot·
tom drill dropped 19
incbes and water gushed
o~t.

865 Limestone_
(1)

445

807

64-l

810
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CHAPTER X.
UNDERGROUND WATERS OF 'THE SOUTHEASTERN
DISTRICT.

INTRODUCTION.
BY W. H. NORTON.

The southeastern district embraces the eleven counties of
Davis, Des Moines, Henry, Jefferson, Keokuk, Lee, Louisa,
Mahaska, Van Buren, Wapello, and Washington.
If the deeper terranes continued through southeastern Iowa
with the same thickness and the same degree and direction of
inclination which they hold farther north, they would be carried too deep for profitable well drilling bef'ore they reached
the Missouri state line. Fortunately a reversal of dip brings
the Saint Peter and its associated water beds higher in Lee
and Des Moines counties than in Cedar and Muscatine counties
of east-central Iowa. From Burlington, where the Saint Peter
reaches its highest recorded ele"\ration in this area, it dips
northward at ' a rate of more than six feet to the mile to the
Muscatine county line. The dip to Davenport is three feet to the
mile. (PI. XII, p. 618.) Between Burlington and Letts, the northward dip probably meets the southward in a sag. Northeast of
Burlington the dip is to the north, at least as far as Aledo,
illinois. Between Burlington and Mount Pleasant (PI. XIII,
p. 626.) the dip is five feet to the mile, and to the west, to
Centerville, it is 4.6 feet to the mile.
Where the Cambrian and Ordovician strata of southeastern
Iowa are upwarped to form a 'low dome the Silurian and Devonian strata are markedly thinner. For example, between
Burlington and Keokuk (PI. XII) the Devonian and Silurian
strata barely exceed 150 feet in thickness j farther north, at
Letts, they are more than 300 feet thick j stilI farther north, at

PLATE X II

IOWA GEOLOGICAL SURVEY
Feet

~(----24 miles., ------+) +--- - -- -34 miles - -- ---+) + -- 16 miles - __ +-9 !'1i1es ·~ +- 9 miles_

Aledo, Ill.

BurlingtOn
Davenport

Mount Clara

---_

------Si/lfrian

100

o

Maquoketa

Sea level

shale

100

Galena to Platteville, inclusive

Galena to PI

--- - --_ ___

attev;/Ie .

.

- - - - - __ _ _ ' inclusive

- - -- - - - -sandstone
St. pet~r_____ -- -- -

600
700

Prairie du Chien
group

Jordan sand'
slone
1000
1100

14()1l

st. Lawrence
formation

Dresbach sandstone

1500

1600
1700

1800
1800

2100
2200

G~LOGIC SECTION BETWEEN DAVENPORT AND l{EOKUK. IOWA

By W. H. Norton
TH E

,.,O" ,US

~ETE"S ~' .

WA"l H I H CHDN, D . C:.
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Tipton, the Silurian alone is 325 feet thick; and to the west, at
Pella, these formations include more than 400 feet of rocks.
(See PIs. X, p. 448, XIV, p. 660.) The Maquoketa also shares in
the thinning. At Davenport it is 240 feet thick, at Pella 190
feet, at Burlington 100 feet, and at Fort Madison and Keokuk
less than 50 feet. (See PL XII.) The Galena and Platteville
limestones likewise form a wedge that tapers toward the southwest. At Davenport their combined thickness is 340 feet and
at Keokuk only 140 feet.
The upwarp of the Cambrian and lower Ordovician and the
thinning of the higher terranes up to the Mississippian combine to bring artesian water from the Saint Peter and deeper
aquifers within easy drilling distance of the surface. (See PL
I, in pocket.) At Keokuk, for example, the Saint Peter is
reached only about 900 feet below the valley leveL The Silurian
and the Galena and Platteville limestones in the southeastern
district also furnish exceptionally large quantities of water. At
B-arlington six deep wells obtain flows from the Silurian within
about 500 feet of the surface, and the .same formation, or possibly the Galena, is tapped by some of the deep wells at Keokuk. The wells at Fort Madison obtain their supplies largely
from the Galena.
The dome of southeastern Iowa is only the northward extension of the upwarp of northeastern Missouri which brings the
Saint Peter sandstone to the surface about fifty miles south of
Keokuk, in Ralls county, Missouri. This upwarp appears somewhat narrower in Iowa than in Missouri. Thus; though the
Saint Peter sandstone lies 613 feet below sea level at Bloomfield it is found at Baring, Knox county, Missouri, at 136 feet
below sea level, a southward rise of about 13 feet to the mile.
For comparison with the section of southeastern Iowa the
record of the Baring well is appended. It will be noted that
the Silurian is arenaceous, that · the Maquoketa has pinched
out, and that the Galena and Platteville limestones and the
Decorah shale combined measure only 79 feet in thickness.
Water occurs in the Silurian sandstone, the Galena dolomite,
the Saint Peter sandstone, and at several horizons in the Prairie
du Chien stage. Reports have not been received as to water
beds in the Cambrian.
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Record of strata in the Atchi:son, Topeka cG Santa Fe Railway well, at Blaring,
Missouri.

Thickness.

I

Pleistocene
(100predominantly
feet thick; top,
808 ____________________________________________
feet above sea level):
Till, blue,
clayey
_ Feet
100
Oarbonlferous (Mississippian):
Saint Louis limestone and Osage stage (SlI5 feet thick; top, 708 feet above
sea level)175
Ohert, with white limestone and chalcedonlc and crystalline slllca; In sand
Shale,
green-gray,
arenaceous;
with minute Irregular grains of_
crystalline
quartz, highly
calcareous
____________________________________________
5
"Limestone, white;" no sample____________________________________________ _
65
Sandstone, very coarse; very Imperfectly rounded grains of quartz and
other minerals; water heading at 180 feet below curb _____________________ _
15
Chert; fine sand of particles of cryptocrystalline slllca with some whlt~
limestone and some crystalline quartz; water at 375 feet _________________ _
15
Marl,
light
yellow; rapid ellervescence, large siliceous and argillaceous_
____________________________________________________________________
residue
SO
Limestone, light drab , fine-gralned ________________________________________ ..__ _
50
KInderhook
stage
(33
feet
thick;
top,
343
feet
above
sea
level)"Shale;" no sample ____________________________________ _... ________________ ...
28
"Blue clay;" no sample __________________________________________________ _
5
(21'7
feet
thick;
top,
810
feet
above
sea
level):
Devonian
"Limestone;" no sample ______________________________________________________--__
12
Limestone, gray; rapid effervescence; earthy, fossiliferous, with joints of
crinoid stems and fragments of shells of brachiopods; In fiaky chips ______ _
205
Silurian (150 feet thick; top, 93 feet above sea level):
Limestone and sandstone; limestone, light yellow-gray, rapid effervescence;
sandstone, fine-grained, larger grains of pure quartz and well rounded, a
few with
secondary
enlargements; much cryptocrystalline sUica_________
In chips;_
water
at 860
feet ___ _________________________________________________
145
"Sand, wbite;" no sample __________________ _____... ____________________ .....__ _
5
Ordovician: •
Galena limestone (69 feet thick; top, 57 feet below sea level)Dolomite
or magnesian
limestone,
in brown
crystalline sand; water_
at 000 feet
__________________
__ __ cherty;
_ __ _________
____ ______________________
69
(4 feet
thick;_________________________________________________________
top, 126 feet below sea level)Decorah
shale no
"Shale;"
sample
_
~

Platteville limestone (6 feet thick; top, 130 feet below sea level)Limestone, light gray; rapid effervescence; some chert; In small chlps ___ _
Saint Peter sandstone (46 feet thick; top, 136 feet below sea level)Sandstone, light yellow, fine-grained ; of pure quartz , grains moderately
well feet
rounded,
some showing secondary enlargements;
4 samples; water at_
956
________________________________________
_______________________________
Prairie
du
Chien
stage
(702
feet
thick,
top,
182
feet
below
sea level)Dolomite, light yellow; In sparkling sand ______________________________
_
"Slate, blue;" no sample___________________________________________________ _
Sandston e, buff , very fine; grains Imperfectly rounded _________________ _
Sandstone, coarser, heavily rusted; water bearing_______ ___________________
Dolomite, buff and light brown, cherty, highly arenaceous; 3 samples ___ _
andatgray,
cherty, somewhat arenaceous; 8_
Dolomite,
samples; light
waterbrown
bearing
1,140oolitiC,
feet ______________________________________
Dolomite, light buff, highly arenaceous _____________________________________ _
Dolomite, light buff, somewhat arenaceous _________________________________ _
Dolomite, light buff, highly arenaceous and cherty _________________________ _
Dolomite, buff; some sand in driIJings _____ _________________________________ _
Dolomite, light gray; water heading at 126 feet below curb _________________ _
"Limestone" (dolomite); no sample; water at 1,535 feeL _________________ _
Dolomite, cherty, somewhat arenaceous; 2 samples _________________________ _
Marl,
lightlight
buff,buff,
In concreted
powder; and dolomite, In fine x:neaL ______ _
cherty ________________________________________________
_
Dolomite,
Dolomite, light yellow____________________________________________________ _
Dolomite, light brown ___________ ___________________________________________ _
Dolo mite, rusted grains with some chert and a few grains of quartz sllnd
Dolomite,
buff, with two
some samples
chert, minute
grains of quartz sand and a_
little glauconite;
_____________________________________
Dolomite, buff, cherty, two samples _____________________________________ _
Cambrian (150 feet penetrated; top 884 feet below sea level):
in clean ______________________________________________
quartz sand; grains well rounded, larger grains
Sandstone
, light
_6 yellow,
to 1 mlllimeter
-__ _
reach from
Sandstone, light yellow, coarser; three samples _____________________________ _
Sandstone, light yellow, with some green shale _______________________________ _
Marl. light yell'ow-gray. calcareoargillaceous __________________________________ _
Sandstone, whitish ______________________________________________________ ------Sandstone, buff, rounded grains, with an admixture of marl; two samples __

"th.
Feet
100
275
280

845
860
875
410
465
493
498

510
'715

860
865

934

4

938

6

9U

46

990

]0

1,000
1,009
1,030
1,041
1,108

9
80

2
67

97
85
78
!JO
86

21
20
87
4
14
85
17
4

1,205
1,240
1,318
1,408
1,494
1,515
1,535
1,572
1,576
1,500
1,625
1,642
1,646

20

1,666
1,692

8
60

1,700

26

14
8
11
49

1,7~

1,7'74
1,793
1,793
1.842
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.DA VIS COUNTY

BY O. E. MEINZER AND W. H. NORTON •.

TOPOGRAPHY.

The upland surface of Davis county slopes gently toward the
east and in general lies between 750 and 950 feet above sea
level. It represents an original plain which still exists in extensive remnants as upland prairies, but which throughout mos.t
of the county ' is dissected by a complicated system of valleys
and ravines that have produced a hill country with a relief of
100 feet and more. The hill topography is best developed near
the principal streams, as in the vicinity of Soap creek, and the
prairie topography in the districts most remote from streams,
as on the divide followed by the Chicago, Burlington & Quincy
railway. The prairies are sufficiently continuous to have been
for the most part preferred to the valleys for railway construction, and hence it has come about that nearly all of the villages
are located on the upland.
GEOLOGY.

The valleys are excavated almost entirely in glacial drift,
only the deepest extending to bedrock. This fact and the information obtained from well sections indicate that in most localities the drift beneath the uneroded uplands is between 100 and
200 feet deep. S. J. Andrews, a well borer at Pulaski, sharply
distinguishes two deposits, both of which are probably glacial
drift. The upper deposit he describes as a crumbling clay, ordinarily yellow, and in many places about 50 feet thick, containing pebbles and bowlders; the lower he describes as more
tough and" oily," generally black but exceptionally yellow, containing only a few pebbles and bowlders, but numerous leaves,
shells, and pieces of wood. This lower deposit is absent over
a large part of the county, but in certain localities it reaches
a maximum thlckness of more than 100 feet. A large specimen
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of this deposit was examined and found to consist of tough,
dense, dark carbonaceous clay containing fragments and specks
of ,black carbonized wood, minute lime concretions, and a few
tiny greenstone pebbles, and showing an indistinct foliated or
nodular structure. Below the lower of these two deposits ill
most localities lies a bed of white sand only a few feet thick,
and this sand or, in its absence, one of the other deposits, generally rests upon a stratum which is locally known as "blackjack" or "blue daub," but which appears to be shale interbedded with limestone strata. The upper deposit is probably
Kansan drift thinly covered with loess or .loess-like clay, and
the underlying dark deposit may belong to the Nebraskan
sheet. The following section is more or less typical in this
county. The' bowlder clay probably begins at the depth of 15
feet.
Section

01 group (,f wells about 4- miles west of PuZas'kJi.

\
Soli _______ ____ _________ _________ _____ ___________ _________________ _________'____________
Clay, yellow _____________________________________________ ________________ __ _____ ______
Clay,
stiff;pebbly
without
grit____________________________________________________ _____
Clay, blue,
yellow,
_________________________________________________________________
Clay, black, containing oil, wood, leaves, shells, etc, _________ ~____________________
Sand, whIte (good supply of water)_______________________ ___________________________
Shale, dark, "blackjack ," entered ,

ThIck- \DePth,
ness.
Feet
1
7
407
57
2

Feet
1
8
15
55
112
114

Throughout nearly all of Davis county the bedrock consists
of shale, sandstone, limestone, and coal belonging to the Des
Moines stage of the Pennsylvanian series. N ear Soap creek,
in the northern part of the county, and at many places in its
northeastern part outcrops of this bedrock occur. It is al!3o
exposed in a few coal mines, and is apparently reached by wells
'
drilled in all parts of the eounty.
UND.I!JItGROUND WATER.

Water is obtained from several strata, none of which are
entirely satisfactory. The chief reliance is placed on shallow
wells dug or bored into the loesslike clay and upper part of the
glacial drift, the seepage from which is adequate for ordinary
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purposes in some localities where gravelly beds are found, but
is quite inadequate and unreliable in others where the material
is less porous. The water table in this upper layer conformR
closely to the surface configuration, the water in shallow upland wells commonly standing high above the level of deep
valleys only short distances away. Especially is this true in
rainy seasons.
More dependable supplies are in some localities obtained from
heds of sand farther down in the drift, such as the white sand
that usually lies below the carbonaceous deposit described; but
beds of sand are not found everywhere, and in some places
where present are not water bearing, because they have drained
into adjacent deep valleys. Moreover, in wells of small diameter
the ,s and causes trouble by rising with the water.
A number of wells drilled into the Pennsylvanian rocks to
depths ranging from 300 to 400 feet find small or moderate, supplies of mineralized water that rises to a level far below the
surface of the uplands, but nearly or quite as high as the flood
plains of the deepest valleys. A well of this kind may cost
more than $500.
At still greater depths are formations which yield large
amounts of water that is hard but not so strongly mineralized
as the average water 'from the Pennsylvanian Coal Measures.
On the uplands the water from these sources will remain far
below the surface, but in the lowest valleys it will closely approach the surface or overflow. For farms and small municipalities the cost of drilling to the deep horizons is practically
prohibitive.
Rain water is largely employed in this county for household
use and for watering live stock. It is stored in cisterns and
in reservoirs made by damming ravines. ¥any of these dam~
are seen in the hill country, where the drift is thin and is in
great measure drained into the numerous valleys by which the
~ upland is dissected.
CITY AND VILLAGE SUPPLIES.

Bloomfield.-'The public supply for Bloomfield (population,
2,028) is derived from a well 1,817 feet deep, cased with 12-inch
pipe to rock a~ 320 feet, below which 636 feet of 8-inch pipe ex-
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tends down to 942 feet, and 519 feet 2 inches of 6-in.ch pipe to
1,445 feet. The curb is 845 feet above sea level and the water
rises within 130 feet of the curb, or 715 feet above sea level.
Its temperature is about 65° F. Wat~r was found at depths of
300. feet, 1,425 feet, and 1,750 feet. The well was drilled in 1900
by J. P. Miller & Company, of Chicago, and cost $6,500.
The strata penetrated are indicated by the driller's log:
Driller's log

01

city well at Bloomfield.

I

Thickness

Drift _________ __________________ ____ _ ______________________________ ______ _
Lime; caves badly at 420 feet ___________________________ ______ ________ _
Lime and shale_______________________________________________ _
Hard llme; caves at 670 feet___________________________________ ________ _
Streaks of llme and shale; caves badly at 780 feet _______________________ _
Lime rock; caves badly at 967 feet _______________________________ _
Streaks of llme and shale______________________________________ _
Lime
________________________________________________________
Sand rock -----------------------------------------------------_
Shale; rock
caves__________________________________________________
badly at 1.420 feet.. ____________________________________ __
Sand
Lime rock _______________________________________________________ _
Sand rock _____________________________________________________ _

Feet

820
100

130
120
272

203
45
70

102
88
15
100
167

I

Depth
Feet

820
420
550
670
942
1.145
1.100
1.260
1.862
1.445
1.460
1.650
1.817

Rock caved more or less all the way down to 1,650 feet.
Rocks belonging to the Saint Louis limestone and the Osage
stage (Mississippian) seem to extend to a depth of about 670
feet, and the streaks of lime and shale which are reported
from 670 to 942 feet probably represent the Kinderhook. The
"sand rock" from 1,190 to 1,260 feet may be correlated with
the Silurian; the shale from 1,362 to 1,445 feet may be assigned
to the Decorah shale or to a shale in the Platteville limestone.
The water-bearing sandstone from 1,445 to 1,460 feet (613 to 628
feet below sea level) is probably the Saint Peter; all the rocks
below this level probably belong to the Prairie du Chien stage.
By means of an air lift with a pipe extending to a depth
of 345 feet 250 gallons a minute are ordinarily discharged from
the well into an underground reservoir, but in a test this yield
has been increased to over 300 gallons a minuie. From the
reservoir the water is pumped into a tank elevated upon a tower
and is thence distributed by gravity through a system of mains
whose total length is about two miles. There are 28 fire hy-
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drants and 63 taps in the city; somewhat less than one-fifth of
the dwellings have service connections, and the average daily
consumption of water is about 15,000 gallons. The water is
used freely for drinking and other purposes, but is very hard,
as is shown by the analysis (p. 195), and for this reason is
avoided for toilet, laundry, and boiler uses, rain water stored
in cisterns or other reservoirs being used instead.
Before the deep well was drilled the public supply was obtained from a four-inch well that ended at a depth of about 300
feet in a thick bed of sand, from which a generous supply of
hard water was obtained. The well w~s not provided with a
screen, and it filled with sand to such an extent that it was
abandoned.
DES MOINES COUNTY

BY

w.

H. NORTON.

TOPOGRAPHY.

The topography of Des Moines county is controlled for the
most part by a few simple factors. The county is wholly in the
area of the Illinoian drift, and by far its larger part is an upland molded to a nearly level surface by the Illinoian ice.
On the east the upland overlooks from a singularly straight
and steep escarpment the broad bottom lands of the Mississippi.
The interstream areas of the upland, chosen by the railways in
. preference to the valleys, present to the eye level or slightly
undulating floors, with low swells and sags 10 to 20 feet in relief. The tabular divides are incised along their edges by steep,
narrow, young ravines which lead down to the broader shallow
valleys of the creeks. Their digitate lobes, still flat-surfaced,
reach even to the escarpment overlooking the Mississippi, where
the minor water courses break into cascades as they descend
from hanging ravines. Ground water in an upland so young
may very naturally stand higb, except near the dissected edges.
40
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The Mississippi, which forms· the eastern boundary of the
county, here passes diagonally across a broad alluvial floor, five
miles in width, traversed by numerous inosculating bayous and
overflowed by the river's annual floods. To the south this strip
of flood plain narrows until, at Burlington, where the great river
saps the bluffs of the escarpment, it is entirely lacking.
Skunk river, which bounds the county on the south, flows f01
most of its course through a narrow valley. Five miles above
its mouth it develops a flood plain which opens broadly on that
of the Mississippi, sin~e here the river traverses a deep preglacial valley filled with easily eroded drift.
GEOLOGY.

The country rock of Des Moines county belongs wholly to the
Mississippian series of the Carboniferous. (See PI. Xill.)
At the base of this series lies a group of shales and shaly limestones, the Kinderhook, measuring, as sounded in the deep welJ
at Crapo Park in Burlington, about 300 feet in thickness. (See
PIs. XII, XIII.) Only the upper portions of the Kinderhook
are exposed within the county. The bulk of the stage consists
of soft blue "mud-rock" shale, well known and easily recognized by all well drillers. Toward the top, however, are clayey
sandstones and impure limestones-transition beds to the overlying Osage stage.
The: Osage stage comprises two formations, the Burlin"gton
limestone at the base, and the Keokuk limestone at the top,
The lower part of the Burlington limestone is characterized by
the singular whiteness of the cuttings obtained by the driller and
by the fragments of crinoid stems and plates of which the limestone in places is largely composed. Because of its easy solubility this limestone has been extensively tunnelled by subterranean waterways to which numerous sink holes give access.
It"occurs in two beds separated by about 20 feet of cherty and
calcareous shale, and forms the country rock over about onefourth of the entire county, underlying a broad upland belt
along the Mississippi. Upon this basal white limestone lies a
well-defined bed of chert or flint about 30 feet thick to which the
Iowa'State Survey has given the name Montrose Chert. The
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chert, which composes the upper division of the Burlington
limestone, is overlain by the Keokuk limestone, a blue compact
limestone 'containing much chert in flinty nodules and irregular
bands, passing upward into geode-bearing shales, which furnish
cuttings of milk-white chalcedonic silica and crystals of quartz.
The Saint .Louis limestone forms the summit of the Mississippian series over southeastern Iowa and forms the country
rock in the southwest corner of Des Moines county. The beds
include white marl, gray and brown limestones, and a hard,
brittle, broken, and recemented limestone of :fine grain in angular fragments whose interstices may be filled with greenish
clay.
The Des Moines stage of the Pennsylvanian series occupies
only a few isolated areas in the southwestern part of the county.
Its rocks consist of buff sandstones and may reach a thickness
of 50 to 100 feet.
The surface deposit over the uplands of Des Moines county is
the loess-a soft silt or dust, buff above, in many places gray at
base, and free from sand, pebbles, and larger stones. Beneath
the loess in many places lie as many as three distinct stony clays
separated by different water-laid deposits. The uppermost is
the Illinoian drift, a yellow or, where unweathered, a bluish
stony clay, generally bleached and leached superficially and
supporting an ancient soil developed during the lone' interval
which elapsed after its deposition and the accumulation upon it
of the loess. Beneath the Illinoian drift lies the Kansan, a hard,
stony clay, blue where not weathered. Lowest of all lies the Nebraskan drift, a still darker stony clay. Ancient soils and burien
peat bogs and beds of sand and gravel in many places separate
the Kansan drift from both the lliinoian and the Nebraskan.
UNDERGROUND WATER.

SOURCES.

On the broad flood plain of the Mississippi, sheet water is
found in river sands and gravels at depths of 16 to 20 feet.
Driven wells, consisting of 11,4-inch pipe with a sand point, are
almost universally employed.

,,
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, On the narrow flood plains of Skunk river and the other
s,t reams of the county the alluvium is of little importance except
in villages. The village of Augusta, situated on the Skunk river
bottoms, draws its house supplies from wells from 16 to 24 feet
deep, sunk to rock through river deposits which :find 'a sheet of
ground water about two feet deep moving riverward in sand
resting on thE: rock ,s urface.
Some of the silts at the base of the loess supply water,
e'specially for shallow open wells on the tabular divides in places
where ground water stands near the surface owing to the flatness of the land or to local sags. The beds lying between the
Illinoian drift and the Kansan include in places sands of some
thickness. Unfortunately these beds also include old soils,
muck, and buried wood, which in places injure seriously the
quality of the water.
, Water is also obtained from the sands and gravels which
separate the Kansan from the underlying Nebraskan drift and
also from the sand and gravels that in some places rest on the
country rock.
Besides these fairly constant water beds of the drift, irregular and inconstant beds of sand and gravel may occur in any
of the drift sheets, and, where of sufficient continuity and extent
or sufficient connection with interglacial sands, may form local
water beds adequate for sm'all wells.
On the whole the drift, where thickest and where least diss~cted by stream ways, forms an adequate re's ervoir for ground
water and the supply of common wells. But where bedrock
comes near the surface and the drift sheets are thin, and where
they have been intricately cut by streams leaving the steepsided and narrow divides locally called "breaks," the drift is
often found nearly dry and water must be sought in the rock beneath. 'T he drift is specially thick along the terminal moraine
of. the lllinoian sh,.eet which extends 'from north to south through
Washington and Pleasant Grove townships. Here the ridge
the moraine rises 60 or 70 f.eet above the level of the adjacent
ljpland plains and the drift has not been found less than 120
feet in thickness. On this ridge wells find water in 'drift sands
and gravels. Other areas of specially thick drift occur where

of
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ancient rock-cut river valleys have been filled wlth glacial and
interglacial deposits. Several deep wells in drift from Sperry
to southeast of Latta point to a buried·.channel which apparently
deb'ouches into the Mississippi channel between Flint river and
the north line of Burlington township. A deep drift well a mile
'south of Kossuth marks perhaps a northeast tributary of this
channel although it may point to an independent valley tea<iing
to the Mississippi. Thus near Latta, along a north-south line
a mile in length, are three deep wells, two of which are nearly
190 feet deep and strike no rock, and the third-the most northern-233 feet deep, finds the blue shale of the Kinderhook' at
231 feet. Drillers report" deep country" from south of Dodgeville, running northwest to between Pleasant Grove and Yarmouth. Other wells of exceptionally deep drift reported from
Middletown, northwest of Danville and east of New London, .
may mark another buried channel whose rock floor lies at
about the level of the present bed of the Mississippi at Burling- .
ton. A .few flowing wells from the drift are reported on low
ground from Danville to south of Middletown.
The basal member of the rocks exposed in the county, the
8hale of the Kinderhook, is dry. Wells finding little or no water
before reaching this shale have penetrated it to a depth near
Augusta of 220 and 257 feet, and near the Mississippi north of
Burlington to even as much as 300 feet without success. Unless the owner is prepared to go through this heavy shale and
several hundred fe et still deeper to tap the Galena waters, the
drilling should be stopped on reaching the Kinderhook, and a
well sunk in another place.
The limestones overlying the Kinderhook are water bearing,
the · chief aquifers lying in the lower part of the Burlington
limestone. Ground water collects in this limestone in the crevices, joints and waterways formed by solution, its downward
progress being stopped by the underlying floor of impervious
shale. The upper cherty member of the Burlington (Montrose
Chert) is also water bearing. The Saint Louis limestone probably carries water in the' small area which it occupies in the
southwestern townships, as may be inferred from the known
water beds along its' outcrop f!1rther to the ·west.
' F ultz, F. M ., Proc. Iowa Acad. Sci. , v ol. 3. p . 62.
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At and near Burlington, except for the drift gravels found on
the rock and minor veins, the first dependable water bed is the
Silurian. It is apparently this bed which supplies wells about
500 feet ~ depth, affording to some of them a genero.u s yield.
'fhe initial head seems to have been about 570 feet above sea
level but no exact statements can be made since requests made of
the city officials for information as to the elevation of the different'well curbs have not been answered. A sharp fall of static level
was observed in several wells on the completion of the ClintonCopeland welL The water bed is evidently overdrawn, and
flows from it can no longer be expected, except from the lowest
levels. To prote.ct the wells at Burlington which now draw
from it no further. drafts should be made, and all wells drilled
in the city should not only seek a deeper supply but should also
case off the Silurian water. In quality the Silurian water is
1;tard and corrosive. As shown in the analyses (p. 195), calcium
approaches 400 parts per million, sodiUm runs between 700 and
800 parts, and the sulphate ions somewhat exceed 2,338 parts
in one of the wensi. The total solids were about 4,000 parts per
million in the wells analyzed.
The reference to the Silurian of the water bed of the 500-foot
wells at Burlington is made with a good deal of hesitation, although no other reference seems possible, since the Crapo Park
well record places the base of the Maquoketa shale (Ordovician)
·below the bottom of these wells. On the other hand the Crapo
Park record is supported by but few sample drillings over the
critical horizons. Some of the wells reach nearly to the supposed base of the Maquoketa. Local drillers speak of this water
bed as the Saint Peter sand rock, a term rather easily applied
to the water-bearing Galena dolomite, a rock which crushes
under the drill to a sparkling crystalline sand, but which it
seems hardly probable would be applied to any Silurian rock
that appears in the samples of any of the Burlington wells.
'fhe Galena forms one of the chief water beds at Fort Madison,
and appears in full thickness at Mount Pleasant, where again
the Silurian contains no water-bearing rock, if the record and
the large amount of anhydrite present are reliable guides. It
is hoped that the question whether the Silurian or the Galena
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supplies the water for the 500-foot wells at Burlington may soon
be definitely settled by obtaining a complete set of samples of '
the drillip.gs of a well reaching to the well-defined horizon of
the Saint Peter.
New wells should not fail to go as deep as the Saint Peter,
which here lies about 260 feet below sea level. The formation
is exceptionally. thick at Burlington and yields generously.
The pressure is much higher than that of the Galena, the static
level apparently reaching at pres~nt 630 or 640 feet. Because
of the marked difference in pressure of the Saint Peter and the
Silurian waters, the Silurian should be cased off to prevent
lateral escape of the deeper waters through its waterways. The
qualIty of the Saint Peter water is much better than that of the
higher flows, containing less than one-half the solids in solution,
the greatest differences being in the sodium and the sUlphate
ions, according to Hendrixson's analyses. As but three wells
at present draw water from the Saiht Peter, no overdraft has
yet occurred.
The water beds lying beneath the Saint Peter are tapped by
but one well, that of Crapo Park. The water from these beds
has about the same static level as that of the Saint Peter, but
is distinctly superior in quality, the combined waters of all
horizons in the park well containing only about half as much dissolved solids as that of the Saint Peter and the Galena combined
and one-fourth that from the Galena alone. As the static level
at Crapo Park is more than 100 feet higher than the lowe'r
grounds of the city, wells drilled in the manufacturing parts of
the city situated near the level of the Mississippi will have high
pressure and proportionately large discharge.
SPRINGS.

The chief ~pring horizon in Des Moines county is at the base
of the Burlington limestone, whose massive beds are waterlogged, owing to their resting upon a floor of impervious shale.
As the lower part of the Burlington limestone is easily soluble
and is ,therefQre traversed by numerous channels open~d up by .
solution, springs along the outcrops of its basal layers are ex-
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ceptionally abundant and copious. They are found along the
escarpment of the Mississippi and along the lower courses of
the Skunk and Flint rivers. In many ravines the springs
emerge above a massive basal layer of the limestone and cascade over the cliff formed by the sapping of the limestone by
the retreat of the weak shale beneath. These springs are utilized only for stock and aairy and household purposes .
.CITY AND VILLAGE SUPPLIES.

,
Burlington.----'The water supply of Burlington (population,
24,324) is taken from Mississippi river and passed through
settling tanks and filters. The water is brought through a
24-inch cast-iron pipe from a point near the center of the' main
channel of the river and above any possible source of pollution,
it is said, from city drainage. The coarser materials are allowed
to settle in an extension of the well, 20 feet wide and 125 feet
in length. This extension is cleaned with a centrifugal pump
whenever the river lowers to within four or five feet above the
low-water stage. From the well the water is pumped by lowservice pumps. to four steel settling tanks, 30 feet in height and
44, 35, 28, and '22 feet in diameter. The water enters the tanks
through several thousand small holes in cast-iron pipes about 6
feet above the bottoms of the tanks, and passes out over weirs
at the top. The tanks are cleaned once each month by opening
the sewer valves and washing with a hOBe. Cleaning requires
from two to three hours.

From the settling tanks the water flows by gravity to the filters. 'T hese are in six units, fully equipped, and have a combiIied capacity of 3,000,000 gallons in 24 hours. The amount
pumped is about 1,800,000 gallons. Each unit is eight feet wide
by 26 feet long, and is of reenforced concrete. The filters are
placed at a sufficient height above the clear well and above the
controllers in the pipe gallery to obtain the benefit of the "down
draft." Each filter bed has nine inches of gravel from Mount
Tom, Massachusetts, and 30 inches of filter sand from Red Wing,
Minnesota. Water strainers are placed on the floors of the :filters, and air strainers in the gravel. Water for washing the
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filters is supplied from the clear well by a Lawrence centrifugal
pump connected to a Lawrence vertical engine to which is also
belted the air compressor.
There are two coagulant tanks. Compressed air is employed
for their agitation. A specified number of inches is fed per
hour, the feed being changed in the event of any change in the
demand for water, as for example a large fire or a broken main.
Sulphate of alumina is used as coagulant, the solution for the
day run being stronger than that for the night. Before preparing the solution the turbidity of the raw water and of the
water in the settling tanks is measured with a turbidity rod.
From the records is then found, the strength of solution which
has been found to give satisfactory results with an equal turbidity and pumpage. Three times a week the alkalinity of both
raw and filtered water is determined, and the color of the water
from each filter is determined with standard disks. The color
normally desired is that of disk No.6, but the color frequently
gets as high as that of No. 12. When it rises to No. 18 the
strength of the coagulant solution is increased. The average
amount of coagulant used is between three and four grains to
the gallon. When the turbidity rises to between 2,000 and 3,000,
as much as seven grains is used. Bacterial tests are made from
time to time.
Once a week the filtered water is tested for alum with the
logwood test, but none has ever been tested in the filtrate.
The coagulant is supplied by gravity to the suctions of the
low-service pumps, which lift the raw water from the well to the
settling tanks. The distribution is direct, with a domestic pressure of 100 pounds and a fire pressure of from 125 to 150 pounds.
In 1907 there were 32 miles of mains, 339 fire hydrants, and
3,170 taps, and the mains were being extended about two miles
each year.
The city well at Crapo Park (PIs. XII, XIII) has a depth of
2,430 feet and diameter of 6 inches from the surface to 1,700
feet and 5 inches to bottom; cased to limestone at depth of 18
feet. The, curb is 685 feet above sea level, and the head 38 feet
below curb. The tested capacity is 250,000 gallons a day, the
water coming principally from 950 feet below surface. The
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well was completed in 1898, at a cost of $5,095, by Tweedy
Brothers, of Keokuk. Later a casing was inserted between
de'p ths of 110 and 210 feet, as a result of which water rose to
30 feet below curb.
The following record is based on determinations by the writer
of samples of drillings saved by F. M. Fultz, superintendent of
the Burlington public schools. It agrees for the most part with
the record given by Mr. Fultz:
Record of strata in Crapo Park well at Burlington (Pis. XII., p. 618;
XIII, p. 626).

I

ThIckness

PleIstocene:
Loess and drift _________________________________________ __ ______________ _
Oarbonlferous:
MIssIssIppIan (422 feet thIck; top, 667 feet above sea leve!)LImestone,
buff; effervescence rather slow; some chert In small_
chIllS ___________________________________________________________
LImestone, buff and whIte, granular; rapId effervescence_________ _
LImestone, light yellow; In tine meal; rapId effervescence; some chert
LImestone,
buff; In tine meal and fiour; rapId effervescence; some_
chert ____________________________________________________________
LImestone, magnesIan or dolomite, blue-gray, crystalllne________ _
Shale, blue and drab (Klnderhook) _______________________________ _
DevonIan and Silurian (140 feet thIck; top, 245 feet above sea leve!):
LImestone; In light gray, hIghly argillaceous powder; rapId effervescence
OrdovIcIan:
•
' Maquoketa shale (108 feet thIck; top , 105 feet above sea leve!):
Shale, light
blghly calcareous; In powder_____________________ __
Shale,
drab gray,
_______________________________________________________
Galena dolomite and Platteville limestone (257 feet thIck; top, 8 feet
below sea level)Dolomite,
lightatbuff,
crystalline-granular;
wIth hard brown bltum·_
Inous shale
868 feet;
6 samples________________________________
Limestone, _buff, tlnely granular; rapid effervescence ______________ _
DolomIte, light yellow; In sand and powder_____________________ _
SaInt Peter sandstone (120 feet thIck; top, 260 feet below sea leve!)Sandstone, tine-graIned, wblte; some limestone; graIns of consIder·
able range In sIze, moderately well rounded _____________________ _
Sandstone, clean, whIte; somewhat coarser than above _____________ _
Sandstone;
as above;IImestone
much hard,
green shale like the basal shale_
of the Plattevllle
___________________________________
Sandstone, Clean, whIte; largest grains reach 0.7 millimeter In
diameter -----------------------------------------------------Sandstone;
above; largest graIns slightly exceed 1 millimeter
dIameter as
_________________________________________________
..___In_
stage
(565 some
feet tblck;
880 feet below sea level)- _
PraIrie
du Oblen
Dolomite,
light
gray;
cherttop,
___________________________________

~

Marl, whIte and pInk, hIghly dolomItic; large resIdue of tine quartz
sand and argfllaceous materIal and fiakes of chert; 3 samples __
DolomIte; In fine, light yellow, crystalline meaL ____________________ _
Sandstone and pink oolitIc chert_________________________________ _
Dolomite,
arenaceous, or sandstone, calcareous, all In tine, yellow_
sand _______________________________________________________________
Dolomite, . light yellow, hIghly arenaceous; angular graIns of pure
dolomIte and rounded grains of quartz sand. __________________ _
Marl, whIte; residue minutely Quartzose _____________________ _
Obert and dolomite ___________________________________________ _
DolomIte, buff
and light
gray;
In _______________________________
tine sand; cherty; , samples ____ __
Unknown;
drlllings
washed
away
Dolomite and chert_____________________________________ _
Ohert and dolomIte, gray ___________________________ _
Dolomite, gray, cherty, and arenaceous ________________ _
DolomIte, light brown, eherty____________________________ _
Dolomite, gray, eherty_________________________________

,
'Proc. Iowa Acad. Sct.. vol. 6, 1899, PP. 70-74.

I

Feet

I

Depth
Feet

18

18

2S

U

87

19

78

97
110

13
39

1'9

1'0

I5BO

70

38

618
e88

207

896

291

«0

81

926

19

946

10

955
1,000

45

~

1,0~

10

1,050

15

1,065

85

1,100

286

16
10

1,886
1,850
1,880

20

1,380

20
10
9
56

'4

6
20
25

15

46

1,~

1,410
l,fl9
1,'75

1,619

1,625
1,645
1,570
1,585

l,eso
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r Thickness

Sandstone,
clean;
grains well rounded; largest reaching 1 millimeter_
______________________________________________
in diameter
Sandstone, calcareous, or dolomite, arenaceous, buff; dolomite In
angular particles with rounded quartz gralns ___________________ _
Unknown; drillings washed away ___________________________ _
Sandstone, light gray; in line angular meal; minute grains of
quartz and
of glauconite with dolomitic cement or matrix; 4_
____________________________________________
samples
Dolomite, gray; In line chips, minutely quartzose , 3 samples ____ _
Sandstone;
as from 2,000-2,095 feet: brownish, highly glauconlf-_
erous __________________________________________________________
clear quartz,
some pink, some with sec-_
Sandstone;
line grains of___________
ondary enlargements
_________________________________
Sandstone,
gray,
glauconlferous,
calciferous;
grains varying In size,_
some being
large
and well rounded
___________________________
Sandstone; as from 2,000 to 2,095 feet ____________________________ _
Sandstone;
loose grains of clear quartz,'-____________________
largest, diameter of 1_
millimeter In___________________________
Unknown; drillings washed away__________ ____________________ _
Sandstone, dark brown, glauconlferous; In rounded grains and
minute siliceous particles; Chips of drillings have rough surfaces

~~~~t~?tr~!~:~~:-~~-a~~~~-~~-~~:-:-~~-~~~-t-~--~~~~~~s-_~:

t

Sandstone, yellow; In chips of minute grains of quartz and glauconite anll some rounded quartz grains, embedded In dolomitic I
matrix or cement; chips crumble easily after digestion In acid;
drlllings contain considerable hard green shale _______________ _
Sandstone, buff, calciferous, glauconlferous; much hard green shale
Sandstone,
calciferous, glauconlferous: much green and reddish shalebuff,
______________________________________________________
--Shale, hard, dark green and reddish, fissile; and sandstone, calclf~rous and glauconlferous; In angular chips; grains minute and
angular _____________ ________________________________________________ _

Depth
Feet

Feet

Oambrlan:
Jordan sandstone, Saint Lawrence formation, and underlying Oambrian
strata drllllngs
(BOO I feetwashed
penetrated;
top, 945 feet below sea level)- _
Unknown,
away ______________________________

I
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to

1,870

20

1,690

85
275

1,'125

95
35

2,095
2,130

95

2,225

10

2,235

35
5

2,270
2,275

85

2,860

2,000

to

5

J
Ii

2,(()O

r·

t

2,400
2,405

2,410

10

2,420

10

2,430

The well of Iowa Soap Company has a .depth of 509 feet and a
diameter of 6 inches; casing, 70 feet to rock. The curb is 540
feet above sea level. The original head was 33.5 fe.et above
curb and the head in 1905, 4 feet above curb; the loss was due to
the sinking of the Clinton-Copeland well. The flow in 1905 was
15 gallons a minute through lIM-inch pipe. Temperature 56° F.
The well was completed in 1904 by R. J. Johnson.
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Record of strata in WIlH of Iowa Soap Company at BUTUngton.

I

Thickness

I

Depth

I

Pleistocene
t70 feet thick; top, 640 feet above sea level):
Till ____________________________________________________________________
_
'Till, yellow; 4 samples ______________________________________________ _
Gravel, coarse, up to Iii Inches diameter _______________________________ _
Gravel, fine _______________________________________________________ _
Oarboniferous (Mississippian):
Kinderbook stage (210 feet thick; top, 470 feet above sea level)Shale, blue, plastic, calcareous; 2 samples ______________________ _
Shale, oJive-l\'ray. fissile __________________________________________ _
Shale, light green-gray ______________________________________________ _
Shale, 'brown, hard, bituminous __________________________________ _
Shale, blue and green-gray; 4 samples ______________________________ _
Shale, light brown, bituminous _____________________________________ _
Shale, olive bluish and green-gray; 9 samples ______________________ _
Levoninn "fOlf l>i1tlriRn (H;u teet thIck: toP. 200 feet above sea level):
Limestone, gray, soft, argillaceous; effervescence slow; 2 samples _____ _
Shale, calcareous, hard, blue; in large fiaky chips _____________________ _
, Limestone, hard, gray, in sand; rapid effervescence_____________________ _
light yellow;
rapid effervescence; in line sand and argil-_
Limestone,
_________________________________________________________
laceous 'powder
Limestone,
yellow-gray;
fossiliferous,
with 'fragments of brachiopods;_
soft: in flaky cbips _____________ _______________________________________
Limestone, yellow; rapid eJIervescence; in line meal; 2 samples _________ _
strong
fossiliferous;
hard, compact; earthy luster,_
Limestone,
siliceous but
not blue;
arenaceous
__________________________________________
Shale
and
limestone
in
light
'
yellow-gray
concreted powder;
efferves-_
cence rapid ______________________________________________
____ ____________
Limestone, blue, dense, hard, in part of lithographic fineness of grain
and conchoidal fracture; rapid effervescence; in chips ___________ ______ _
compact, gray, in sand; rapid effervescence _________________ _
Limestone.,
No
record ________________________________________________________________
_
Limestone, blue-gray, rough; slow effervescence; some chert ___________ _
Limestone,
light buff and white, compact, line-grained; rapid efferves-_
cence ________________________________________________________________
Limestone, light yellow-gray or white; rapid effervescence; residue quartzosefine
withmenl;
minute
grains and
fiakes and prismatic crystals of quartz;_
in
4 samples
__________________________________
Unknown; no samples ____________________________________________________ _

Feet'

Feet
15
35
10
10
,

15
50

liS
7
5
15
45
10
70

128
135
140
155
200
210
280

25

805
315
325

10
10

00

70

15

340

10
10

850
850

10

370

10

380

10
5
5
10

890
895
M>O
410

10

420

20
69

440

509

The well of George Boeck, at 2-8 North Fifth Street, has a
depth of 450 feet and a diameter of 5 inches; casing, 74 feet.
The head is 30 feet above bottom of cellar. The well flowed" a
full 5-inch stream," with no decrease in 1905. Water was found
in white limestone 150 feet below soapstone (Kinderhook);
temperature, 60' F.; effect on boilers, not good. The well was
completed in 1904 at a cost of $650 by W. N. Jennings, of Burlington.
The well of tile Clinton-Copeland Company, at 100 South
Fourth Street, has a depth of 465 feet and a diameter of 5
inches throughout; casing, to 72 feet~ The head originally was
28 feet above curb, and no change. has been noticed. Water is
said to have begun to overflow when well reached depth of 440
feet. The temperature, taken after floWing through 175 feet of
hose, was 59° F. The well was completed in March, 1905, at a
cost of $675 by J. R. Stanly, of Stronghurst, lllinois.
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The well of the Moehn Brewing Company has a depth of _510
feet and a diameter of five inches. The original head was 30
feet aboye curb, but the well had ceased to flow in 1905, and the
capacity under pump was small. Water was found in small
quantity at 90 feet, but the main supply came from 500 to 510
feet. The well was completed in 1904 at a cost of about $1,000
by W. N. Jennings, of Burlington. The water is too heavily
mineralized for use in boilers or for beer, but is used in cooling
and for other purposes in the bre'Yery.
The well of the Murray Iron Works has a depth of 831 feet
and a diameter of 6 to 4 inches; casing, 120 feet from surface
into blue shale. 'The head is 92 feet above curb. The orginal
flow of 300 gallons a minute had not diminished in 1905. The
first water was in a gravel just above rock at 75 feet, and the
first flow at 450 feet; a strong flow came in at 500 feet and the
drillings were washed away from 600 to 760 feet and from 800
to 831 feet. The rock from 800' to 832 feet said to be like granular
sugar. The temperature at tap after water has passed through
300 feet of pipe in foundry was 63.5 F. The water is too hard
for use in boiler. The well was completed in 1903 at a cost of
$1,038 by W. N. Jennings, of Burlington.
The well of the Sanitary Ice Company, ne,a r the intersection
of Osborn Street and Central Avenue, has a depth of 852 feet
and a diameter of 5 inches; casing, 95 feet from surface. The
head was 51 feet above curb, and the flow 500 gallons a minute.
Water at 80 feet was shut off; water at 430 feet rose nearly to
the surface; the first flow was at 700 feet, and the water from
the 800-foot level rose 51 feet above curb. Temperature, 64 112
F. The water corrodes boilers and is used for condensing.
The well was completed in 1908 at a cost of $1,600 by Jennings
& Sons, of Burlington.
The well ·of the Sanitary Milk Company has a depth of 487
feet and a diameter of 6 inches. 'T he original head was 15 feet
above level of corner of Third and Court Streets, but the head
in August, 1905, was 31 feet below same level; the head lowered '
.on completion of Clinton-Copeland well. The well was completed in January, 1905, at a cost of $700 by W. N. Jennings, of
Burlington.
0

0
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The well of Smith & Dalton has a depth of 460 feet and a
diameter of 5 inches. The original head was 30 feet above curb.
The original flow was estimated at 40 gallons a minute, but had
decreased in 1905. Temperature reported as 60° F. Date of
completion, March, 1905. Drillers, Jennings & Sons of Burlington.

Mediapolis.-Mediapolis (population, 858) depends for its
water on drilled and bored wells from 50 to 110 feet deep, all but
30 to 40 feet of which are in rock. The water heads 20 to 30
feet below the curb.
The well of D. Hutchcroft, two miles east of Mediapolis, has
a depth of 600 feet and a diameter 5 5-8 inches to 360 feet and
5 inches to bottom; casing to 360 feet. Water found at depth
of 40 feet, in drift, was not cas'ed out. Pumping capacity, 8
gallons per minute. The well was completed in 1905 by J. F.
Tweedy, of Keokuk.
Record of strata in Hutchcroft well near MedilJ4loWs.

[ Thickness
OIay, yellow, sandy, calcareous, arenaceous ________________________________ _
Shale, drab , or sandstone, argillaceous, In concreted masses ____________ _
Shale, ollve-green, hard, noncalcareous ____________________________________ _
Limestone, blue-gray, argillaceous, minutely arenaceous _________________ _
Limestone, llght gray, nonmagneslan, argillaceous and slfgbtly arenaceous
Limestone, llgbt yellow-gray, granular, sott, fossiliferous, nonmagneslan.._
Limestone, light blue-gray and white, soft, earthy; In thin fiakes _____ _ _
Limestone, blue-gray and white; earthy; In fine cblps____________________ _
Limestone , light yellow-gray and drab , nonmagneslan; cberty___________ _
Limestone,
llght yellow-gray,
nonmagneslan; In fine sand; drillings_
_________________________________________________
sllgbtly arenaceous
Shale, dark blue, in cblps ; calcareous and cberty __________________________ _

Feet

75

60
213

22
20
22
18

25
20
25

100

I

Depth
Feet

71
13$
34S
870

390
412
430
455
475

500
600

The shale whose base is found at 348 feet is evidently the
Kinderhook; below it, the drill, as at Burlington, passed througb
about 150 feet of limestones, which may represent the Devonian
and Silurian. The shale from 500 to 600 feet may be taken as
the equivalent of the shale (Maquoketa) at Burlington which immediately succeeds the limestones below the Kinderhook. The
drill therefore seems to have passed through the water bed which
supplies the less deep wells at Burlington and yet to have found
very little water.
<,

UNDERGROUND WATERS OF THE SOUTHEASTERN DISTRICT

6311

Mediapolis is 764 feet above sea level. If an adequate supply
is not found in the Mississippian limestones, a well which adventures through the heavy dry shale of the Kinderhook, here
at least 200 f,e'e t thick, will probably find water in the Devonian
or Silurian. Should the supply still prove insufficient, the drill
~hould proceed through the next considerable shale, the Maquoketa,and tap what water may be found in the Galena dolomite
and Platteville limestone. The water bed of the Saint Peter
sandstone will be encountered at about 1,150 feet from the surface.

Minor supplies.-Minor village supplies are described in the
.

following table:

Village supplies in Des Moines Oounty.

Town

Na'tnre of supply

Augusta _______________ Wells ____________________
Danville ______________ Bored and drllled wells___
Roscoe ________________ Drllled wells ____________

Depth

Feet
16-24

I

Depth to
rock

Iwater
Depth to I Head , "1
bed below curb

Feet
Feet ,24
Feet 10
___________
16-125 ____________
75
12
00-100
40 ___________________ _
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WELL DATA.

The following table gives data of typical wells in Des Moines
county:
"
WeZ!.s in'Des Moines Oounty,

Owner

Remarks:
(Logs given in feet)

Location

T. 69 N., R. 3 W.

(Part of Union).
Oounty Infirmary_'_ Sec, 4

---------------1F:;; F:~t
\

George Barnes ____ 4 miles east and 1
mile north of AU- '
,
.
gusta .
t
S. Oartwrlgbt ____ ~ mile nortbwest of
b
Louis Pfeiff ______ Nt o;esec . 33________

I

T. 69 N., R. 4 W.

•

r

__________ JRock (limestone) from 20 to 285.
where soapstone, with water,
was "encountered. Main water
at 100.
22
Sand ______ Light tlue clay; sand on top ot
-----blue-black clay at bottom.
. Flows.
42 __________ do ____ Flow from sand underlying
ligbt blue clay.
357
20 ____________ Soil, 20; limestone, SO' soapstone (Kinderbook), 257; little
water. Midway between river
bottoms ' and bluffs. .

(Augusta).

____________ Drift; limestone; 4l soavstone"
(shale) at 180; ends jn soapstone at 400; not enough water
for windmill.
sec. 11-______ _ 100 20 Limestone_ No sbale. Water at 98.
sec. 3________ _ 70 ______ Sand and
gravel.

Palmer Orton ----- Near Augusta _____ _ 400
L. Hilleary -------- SW.
Alfred Weg -------- NE.

~
~

T. 70 N., R. 2 W.

(Part
of
lington).

-

------

Bur-

Wykert ------- Sec. 19 _____________ _ 418

William Penrod --- 2~

miles

northwest

'.r _ 70 N., R. 3 W _ -of Burlington.

164

__________ Loam and sand, 164; limestone,
4; sbale, 250. Head, 31 feet
above curb.

135 ______ Gravel __ ___ Drift, 20; fine sand to grave
at bottom.

(Flint River).
James Graham ---- NW.

~

sec. 28________

John Sellers -------- NW. ~ sec. 33________
Joseph Saters ____ SW.

~

sec. 31-_______

GraveJ _____ No yellow or blue clay; all dlr
and gravel; white soapstone
at bottom.
188 ______ Sand ______ Yellow clay; white clay; blu
clay to sand or rock at bot
tom.
140 ______ GraveL __7 _ Yellow clay, 40; blue clay to
gravel at bottom.
]38

------

T. 70 N., R. 4 W.

(Danville).
l'homas Grant ---- NE.

Rock ______ Yellow clay; white clay; blue
~ sec. 8________ _ 305 1 300
clay with sand at 150 feet.
miles south of 185 \_____ Sand ______ Largely blue till.
Danville.
Mrs. Allen -------- 1! miles west ot 227 ______ Sand and Yellow clay, 54; light blue clay,
12; --, 111; dark blue clay,
gravel.
.Middleton.
48' sand and gravel on rock 2

-

Hurlburt ------

1~
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Wells in Des Moines Oounty-Concluded.

Owner

Remarks :
(Logs given in feet)

Location

Feet Feet
165 66 Limestone.. Head, 20 feet below curb. Yel·
low clay, 42; Iigbt blue clay,
12; sand witb water, 2' dark
blue clay, 10; rock, 99. Water
from upper sand beads at -5
feet.
Fair Ground _______ West Burlington_____
45
20 Limestone_ Water in crevjce.

-

Hunter ________ 2 miles west of Dan·
ville.

T. 71 N., R. 2 W.

(Benton).
_____________________
Latty

250 __________________ Sand and mud; sand, fine, dark.
No water. Bones found at 188.
Sand ______ Loam; sand; black mud; sand;
wood and coal; old soil: mussel shells at 257; hlue tiIl, 20,
overlying sand bed at bottom.·

Fred Kaster ________ Sec. 88

304

•
T. 71 N., R. 4 W.

(Pleasant Grove).
Anton Totemeir ____ Sec. 19 ____ ________ _

John Shepherd _____ SW.

~ s~c.

T. 71 N., R. 3 W.

84_____:.__

276 _____________ __ __ _ Yellow till (Illinoian), 30; blue
till (lIlinolan), 10; reddish
brown till (Kansan), 12; bluc
till with thin beds of sand
(Kansan and Nebraskan), 224.
50 ______ 00 a r seWell in valley; yields 2 to 8 gal·
gravel
Ions per mlnute; diameter, •
inches. Head, 5 feet above
curb.

(Franklin). .
- - Brady _________ Near Sperry_________ _ 400 ______________ ___ _ No hard rock struck, but per·
baps entered Kinderhook In
lower part.
T. 72 N ~, R. 2 W.
(Parts of Yellow
Spring and Huron).
4 _______________ 159
Largely yellow tiIl .
--------------------_ Sec. 10 _____________ 127 __________________
95 __________ _
--------------------- Sec. 20 _____________ 120
-------------------- Sec. 27 ______________ 147 118
Limestone from 40 to bottom
40
------ ---------- ----- Sec.
where shale was struck.
____
do
____
Diameter,
5 Inches; yield, 5 gal56
---------------------- Mediapolis
42 ·
lons per minute; main wat.e r at
55; water at 23.
W. J. Oumlngs ____ Linton
360
90 ____ do ____ Other wells find black mucky soil
under the loess .
T. 72 N., R. 4 W.
(Washington) .

Limestone:

110 ______ Sand ______ Soil and loam, 4; yellow tflI (IllI.
nolan), 20; gray t1ll(Illinolan),
10; peat bed, twigs, and
bones, 15; gray sandy clay
with wood, 12; fine sand, 16;
yellow sandy tflI (Kansan) ,88.
F. Smith ___________ 1 mlle south of Yar- 180 __________ do ____ Yellow till becoming gray below
(Illinoian), 86; sand with tbln
mouth.
bed of blue clay and of ceo
mented gravel, 78; black muck
wltb wood, 6; sand and
gravel, 8; gray pebble1ess silt,
15; blue till (Kansan), 42.
M. T. Evans _______ Ii mlles south of
98 55 Rock ______ Head, 80 teet below curb.
Roscoe.
____________ _ 24 20 Limestone_ 85 feet below railway station.
J _. Mehmken _______ Roscoe
Yield, 8 gallons per mlnute.
Heads 6 feet above curb.

William Stelter ____ Yarmouth

41
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HENRY COUNTY

BY W. H. NORTON.

TOPOGRAPHY.

Henry county lies almost w:holly on the Kansan drift plain of
southeastern Iowa. This upland, which originally was a nearly
level surface, retains its original features over much of the northern and central portions of the county, where the drainage is
still imperfectly developed ,a nd the tabular divides present the
appearance of level plains, scored only by shallow swales of
little-concentrated wash. In the southern townships the deepcut valleys of Skunk river, Cedar creek, and Big creek permit a
much greater dissection of the adjacent uplands, and here the
interstream areas are cut to a maze of ridges with narrow level
crests whose even sky line marks the common level of the ancient upland plain.
The southea,s tern townships, Baltimore and New London, are
ridged with the low long swell of the terminal moraine, which
marks the limit to which the Illinoian ice here invaded Iowa from
the east.
A wide channel excavated in the Kansas drift by glacial waters lies along the northern border of the county and turning
, abruptly south follows the west co~nty line, along which it has
been occupied and deepened by the waters of Skunk river and
Cedar creek, passing thence through Lee county by Grand
Valley and the valley of Sugar creek to the Mississippi. Both
Cedar creek and Skunk river are bordered by wide flood plains
where they hold to this ancient channel, the entire width of the
Skunk river bottoms here ranging from three-fourths to 11,4
miles. Over the remainder of their courses these two streams,
like the others 'o f the county, flow through comparatively narrow valleys destitute of any flood plains of sufficient width to be
of importance in this investigation.
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qEOLOGY.

The Nebraskan drift, the lowest and earliest drift in Henry
county, is not exposed so far as known, but at different places
wells encounter it as a dark blue stony clay, or till, resting on
bedrock or separated from it by thin inconstant streaks of sand
and grav-el. The upper stony clay, the Kansan, is parted from
the Nebraskan by sheets of sand and gravel or by old soils, peat, .
and forest beds (Aftonian interglacial deposits). The Kansan
drift includes over nearly all the county both the yellow till
immediately underlying the loess and the unweathered blue till
from which the yellow till has been derived by long leaching and
oxidation. On and east of the north-south ridge passing through
New London an<;l recognized as a terminal moraine a third till
appears, the yellow stony clay of the Illinoian.
Over the entire county, eKcept the river flood plains, has been
spread the thin mantle of the loess, a friable siliceous silt. In
color the loess is gray on the level prairies where overlain with
deep humus, but yellow on hill slopes or where it attains some
thickness.
The bedrock of Henry county, with the exception of small and
negligible outliers of Pennsylvanian shales and sandstones, belongs to the Mississippian series. (See PI. XIII.) Immediately
beneath the drift the driller finds from 60 to 100 feet of limestones, sandstones, and shales belonging to the Saint Louis limestone. The succession from above downward is light gray limestones, variable beds of :sandstones, shales, broken or brecciated
limestones, and massive impure magnesian limestones. Below
these lies the Osage stage, the uppermost formation of which, as
exposed in the county, is the Keokuk limestone, consisting of
geode-bearing limy shales 30 feet thick, underlain by about 25
feet of limestone interleaved with bands of bluish shale. No
lower -rocks than the Keokuk are exposed within the county, but
the drill of the well driller has explored to some depth the underlying formations of the Mississippian. Beneath the Keokuk lies
the white Burlington limestone, compos€d in part of crinoidal
remains and seamed by water-bearing porous beds and crevices.
The deeper wells pass through the Burlington and reach the
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heavy shale of the Kinderhook, which forms the base of the
Mississippian series.
U:NDERGROUND WATER.

SOURCES.

The flood plains of Skunk river and its larger tributaries, such
as Cedar creek, afford abundant water to shallow wells from
stream-laid sands and gravels. In Skunk valley above Rome
the alluvium is of agricultural importance owing to the breadth
of. the ,flood plains. . In the narrower valley below Rome it is
important chiefly for supplying towns and villages. Thus the
village of Lowell obtains water from open and driven wells in
the alluvium, although the rock bottom of the narrow valley is
reached at from 20 to 30 feet from the surface, the water being'
found in a sheet said to be two feet deep on the rock.
On the flat divides ground water" stands high, and collecting
in the ,porous silts at the base of the loess and in the reddish
sands and gravels which occur in seams and lenses in the Kansan till, usually affords a supply to shallow, open, bored and
driV'en wells. Larger and more permanent supplies are drawn
from the sands overlying the Nebraskan drift and those which
part it from bedrock.
From these strata most of the wells in the county are supplied. In places the lower drift sources lie de'ep below the surface. Wells in sections 1 and 11 of Marion toWnship pierced the
drift to depths of 190 and 250 feet without reaching either bedrock or the sands and gravels which overlie it, indicating a channel cut in deep rock by some p~cglacial river and afterwards
filled with drift; the course of this buried valley is, however, entirely uncertain.
Even on the wider tabular divides the drill or auger may find
the water-bearing drift sands absent or too thin to convey
enough water for stock wells, and the well must then be sunk
into solid rock. Bed-rock must also be probed where the drift
is thin, and where, owing to the dissection of the region by the
streams, ground water readily ~rains out to the lowest levels.
The sandy layers of the Saint Louis limestone and also the strata
between its shale beds form water beds of value. The chief
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source, however, is the white porous and creviced Burlington
limestone of the Osage stage. Drillers report that the main
water bed is a whIte porous and spongy but hard limestone separated from the Kinderhook below by some twenty feet of bluegray limestone. The Kinderhook no doubt acts as an impervious
floor on which water accumulates in the overlying strata where
porous or in passages opened up by solution.
At Mount Pleasant the Kinderhook was found a little less
than 250 feet below the surface and was about 300 feet thick.
On reaching this dry shale drilling should stop for all ordinary
farm wells.
CITY AND VILLAGE SUPPLIES.

Mount Pleasant.-The succession at Mount Pleasant (population, 3,874) is shown by the following records of the wells drilled
for the State Hospital for the Insane (PI. XIII, p. 626.):
Well No.1 has a depth of 1,125 feet. The curb is about 719 feet
aboVle sea level, and. the head 30 feet below curb. The tested
capacity is 165 gallons a minute, the water coming from 990
feet. Temperature, 62° F. Date of completion, 1862. 'The well
was abandoned years ago because the water was so corrosive
that it destroyed a battery of boilers and all the steam radiators
of the institution.
.
Driller's log of u'ell No.1, Iowa Hospital for Insane.

ThICk-j
[ ness 1>eptlJ
Limestones ___________________________________________________ _ Feet
295
Shales, soft, passing Into hard ________________________________________ _
800
Limestone ______________________________________________________ _
295
. No samples _________________________________ __________ _
100
Sandstone __________________________ .,________________________ _
~

135

Feet
295
595
890
990
1,125

Well No. 2 has a depth of 1,267 feet and a diameter of 12
inches to 123 feet, 10 inches to 723 feet, and 6 inches to bottom; casing, 12 inches, 123 feet to rock, 10 inches to 733 feet, 6
mches to 1,153 feet; packing ring at junction of 10-inch and
6-inch casing. The curb is about 719 feet above sea level, and
the head 70 feet below curb. Pumping capacity, 70 gallons a
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minute. T4e well was completed in 1898 by L. Wilson & Company of Chicago. From it 40,000 to 50,000 gallons a day are now
pumped without exhausting its supply.
Well No. 3 has a depth of 1,203 feet and a diameter. of 12 to {)
inches; casing, 71 feet of 12-inch, '610 feet of 9-inch, 635 feet of
6-inch. The head is 71 feet below curb and the tested, capacity
70 gallons a minute. The water comes from 250 f·eet and is
very good for drinking but destructive to boilers; other waterbearing strata were not recorded. The yield is 70 gallons per
minute. Date of completion, 1903; cost, $4,700. From this well
120,000 gapons a day are now pumped. Except for boiler water, which is supplied from a reservoir, the entire institution is
supplied by wells Nos. 2 and 3.
Driller'fs> log of well No.8, Iowa Hospital tor Insane.

Thick· \
ness Depth

1

Feet

son, clay, and some sand _________________________________________________________ _ Feet
68
Slate _________________________________________________________________________ _
7
Limestone _____ ________________ __________________________________________________ _
29
Slate ________________________________________________________________________ _
4
Limestone (6 Inches of slate at 125 feet) _________________________________________ _
1<YT
Slate _________________________________________________________________________________ _
10
Limestone ____________________________________________________________________________ _
20
Slate ________________________________________________________________________________ _
380
Rock (''Trenton'') __________________________________________________________________ _
511
Rock (Saint Peter) ___________________________________________________________________ _
87

68

75

101
108
215
225
245
805
1,116
1,208

RecOrd Of strata in well No.8, Iowa Hospital for Insane.

I

\

Thick·
ness Depth
Feet

Pleistocene
(68 sample
feet thick:
top, 719 'feet above sea level):
Drift, no
_________________________________________________________________
_
Oarbonlferous (Mississippian):
Saint Louis llmestone and Osage stage (182 feet thick: top 651 feet above sea
leveJ)Shale, lfght blue, calcareous _________________________________
Limestone, yellow: drllllngs chiefly foreign sand" _________________________ _
Limestone, llght blue, highly argfJIaceous: rather hard in chlps___________ _
Ohert, white: much sand In drilllngs _____________________________________ _
No record ______________________________________________________ ---___________ _
Shale, blue, plastic, calcareous __________________________________________ _
No record __________________________________________________________________ _
Limestone, lfght gray, nonmagneslan, soft, earthy ________________________
Limestone,
as above:
also bluish gray, highly calcareous shale and con·_
flint ________________________________________________________
slderable dark
Limestone, mottled dark gray and white, cryst~lJine, encrlnltal: residue
arenaceous and cherty: some white chert: 3 samples ____________________ _
Ohert, light blue cherty llmestone, and light blue shale ___________________ _
~----------

Feet

68

68

7

75
80
90

5

10
10
4
4
2
4

100
104
108
110

1U

4

118

22
10

140

150
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ITbiCk'!
ness Depth
Ohert, white: In small chips ______________________________'_________________ _
and white; encrlnltal, earthy to crystalline: some_
Limestone,
light yellow
chert: 4 samples
___________________________________________________
Ohert, white: some cherty limestone ______________________________________ _
Ohert, white: Includes chips of dense, subtransl.ucent opaque·whlte and
blue·whlte cryptocrystalline sfl!ca with conchoidal fracture: also Irreg·
ularly shaped
cuttings
a dull white, earthy chert, or less friable lime·_
light yellow
grayof______________________________________________
stone,
stone, ligbt yellow·gray ___________________________________________________ _
Shale, (driller's log); no sample _____________________________________ _
Dolomite. blue·grav. rather hard, subcrystalline. veslcular_______________ _
Limestone, magnesian; moderately rapid effervescence, drab, earthy_____ _
Kinderhook stage (360 feet thick: top, 469 feet above sea level)Shale, blue, hard; highly sfl!ceous with minute quartzose p,articles: calcar·
eous: 2 samples _________________ ~ -------------------------c---------Sandstone, blue, fine·gralned, argillaceous and somewhat calciferous, com·
posedblue,
of minute
angular
particles ot quartz In chips; 4 samples _________ __
Shale,
calcareous
__________________________________________________
Shale. blue, anrl sandstone, argillaceolls; thinly lamlnated; 2 samples _____ _
Shale, blue, calcareous; 7 samples ________________ _________ __________________ _
and sandstone,
yellow·gray; grains up to 1 millimeter In dl·_
Sbale,
blue,
ameter;
calcareous
cement ______________________________________________
Shale, blue and gray; 2 samples ____________________________________________ _
Shale, ollve·gray; yellow and reddish chert In coarse sand, perhaps foreign
, Shale, blue; 15 samples -----------------------------------------------------Devonian and Silurian (210 teet thick; 109 feet above sea level):
Limestone,
crystalline, buff and gray; rapid effervescence; In fine sand; 3_
samples __________________________________________________________________________

______ _

Limestone,
blue, ______________________________
argillaceous, soft, highly toss!l!terous;
rapid effervescence:_
In small chips
.:_________________________________
Limestone, yellow·gray and blue·gray; rapid effervescence; In sand ___________ _
Limestone, light blue·gray, dense, fine·gralned, lamlnated; In flaky chips; fos·
siliferous,
containing fragments of crinoid stems and small brachiopods; 3_
samples ___________________________________________________________________________
Limestone, white, fine·gralned, rather hard, and blue·gray with some shale___ _
Limestone, light yellow·gray, nonmagneslan; In fine sand; 2 samples _________ _
Anhydrite; some siliceous gray limestone In powder, and snow·whlte &,ranules
friable
to crystalline
powder; some anhydrite In
chillS of pure mineral;_
________
_______________________________________
__________________________
2easily
samples
Limestone,
drab, ___________________________________________________________
nonmagneslan; a tew chips of anhydrite and of anhydrite
and limestone
_
Anhydrite, white, and limestone, drab: In meal and powder _________________ _
Limestone, gray, nonmagneslan; some anhydrite: In meal: 2 samples ________ _
Anhydrite and gypsum, white, and shale, dark drab, hard, noncalcareous,
• and sfliceous; all In chips and sand; 3 samples ______________________________ _
Ordovician:
Maquoketa shale (40 feet thick: top 101 feet below sea level)Shale,
blue, quartz;
hard, s!l!ceous,
some mlnute grains of_
crystalline
2 samplesslfghtly
_________calcareous:
______________________________________
Shale, light blue, hard, calcareous; 2 samples _______________________________ _
Galena dolomlte and Platteville limestone (256 feet thick; top, 141 feet below
sea level)Dolomlte, mostly In buff, fine crystalline sand: 25 samples _________________ _

10

160

to
10

200
210

5

215
215
226

6
6
5

230

250

20

20

270

40
10

310
8"20
840
410

20

70

10
20
10
160

420
440
610

80

640

10
10

660

450

660

I

80

690
700
780

80
10

20

750

10
10
20

760
770
790

SO

820

20
20

840

240

1,100

20

1,120

860

SAMPLES FROM WELL NO.2. a
Saint Peter sandstone (186 feet tblck: top, S97 feet below sea level)Sandstone, white, fine·gralned: grains about 0.8 millimeter In d1ameter__ _

a Samples of the drlllings ot this well were shipped In open wooden trays and became much
mixed. The compartments of the trays were marked as Saint Peter from 1,120 to 1,250, and all
of these contained quartz sand ot Saint Peter tacles; some contained green shale and brown
bituminous shale, assumed to be foreign and perhaps Platteville. Samples marked 1,250 to
1,267 show chlefiy sand of dolomite .
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Minor suppl1ies.-Information concerning local village water

supplies is presented in the followmg table:
Village supplies in Henry C01Lnty.

Depth of wells
Town

<l
0

Nature of supply
0

S
8

Eo<

0

S
0

....

I I

r:..
Hillsboro _____ Bored and drilled wells --------Lowell ________ Open and driven wellls ______________
Mount Union_ Open, bored and drilled wens _____ ___
New London __ Open and drilled wells ____________
AIds ---------- Bored wells
Salem _______ 1Wells -----..::~~~~=~~=~=~=====~==
Swedesburg __ I Dug, bored and drilled wells _____
Winfield ______ 1Drilled and bored wells ----------

0

Feet Feet Feet
85
150
15
35
15
20 -----

15
16
28
40
SO

300

-----300
200
100

0'"
.. .0

~~

.a",

~ ....

A:::

85

100
40

Q.~

""0

Feet

60
25
25
32
70
25 100-200

25

'".

.£

---35
60
50

Feet
40-100

Head below
curb

~~ I "''''
""='"

';Q3
f2~

~r;

Feet Feet

_.......--

25 -18

SO ----------- - ----25
40 -20
200 -20
------ -30

-SO

-28
-20

-100
5

-

----

- 20
-80

WELL DATA.

The following table gives data of typical wells in Henry
county:
Typical wells in Henry County.

JloS

.£

.£

'0",,,,

~.c

00'"

e"

Owner

Location
.a

.a

I I=l'"

I=l

Q.

....

...:

Q.

'"

~

.a
..,,,,
""",

,,-""

."""
0"

.I
~
0

.0

Remarks : (Jogs '
given in feet)

l'g~
"' ''
~"

1' . 70 N., R. 6 W.

(Jackson).

·John Abraham ___ SW.

24 .

i

Beckwith ________ Sec. 19

NW.

i sec.

-----------

.
T. 71 N., R. 5 W.

(New London).
Greenlee ________ New London ______

Feet
Feet Feet Feet
rise
above
290
80 180-200 Llmestone_ - ..-- First
Skunk river. Drift,
80; limestone, 55;
shale, 85; limestone, 70; shale,
20; limestone, 25;
shale, S (Kinderhook?).
____ do ____ 40 Drift,
80; limestone,
290
270
80
60; shale, 85; limestone, 115; shale.
Pumping 15 galIons per minute
reduces water level
to 140 below surface.
185 -----

182 Sand ______ ---- g-foot sand bed at
100, weak water;
another at 110,

some water: third
at 182, yields 2
gallons per minute.

I

I
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Typical wells in Henry Oounty-Concluded.

I·,

...0

....

.£

.£

~

."I
0

Owner

Location

..::
Q.
<1>

0

Andrew J ohnson ___ Ii miles south of
New London.

..::

:S-g

0

0

Q.
<1>

Feet Feet

i!:

i!:

Ql

",,,-

""""
"' ...

<1>0"-

""

g""

0

"0",
0 '"

rJl

Feet

d"

<1>0

~

Feet

55 ----- ------

------------ ---- Loess, 6; yellow till,

20 · sand. 3; blue
till, 12; peat and
4;
wood,
gray
gummy clay with
few pebbles, 10.

I

John Shipley _______ New London_____
T. 71 N., R. 7 W.
(TIppecanoe).
________ S.
1!'-_____
F. McNeely
~ sec.
Thos. Oampbell

--- E.

J sec.

26______

220
270

_-_

... Llmestone_

80

sec. 15 _____

224

T. 72 N., R. 6 W.
(Marion).
August Wicks ----- SE.

~

sec. :18_______

100

~

sec. L ________

204 White por·
ous lime·
stone.

1

mile east
Swedesburg.

Winfield or
ground

of
Fair·

J. England -------- 3} miles east of
Winfield.
Lebart ------- 8 miles nortbwest
of New London.
AIda Delashmltt ___ ---- do -----------T . 70 N., R. 7 W.
(Salem).
Salem -------------

--

T . 71 N., R. 6 W.
(Oenter).
Ohas . Leedham ____ 4} miles soutbeast
of Mount Pleas·
ant.

---- Drift,

80; limestone,
35; shale, 25; lime·
stone, 84.

30 Drift, 14; limestone,
7; blue sbale, 25;
limestone wit h
water in crevice,
54.
in drift. well fail·
190
-------- ------------ ---- AIlure,
struck bowl·
der at 190 feet and
t">re bole abando:i·
ed; black cement
clay, 160 to 190.
250 ----- ----- ---------- ---- AIl in drift; aban·
doned.
14 -------- Llmestone_

------

260

ISO 240-260 Llmestone_ 80 Drift clays, etc., 145;

T. 73 N., R. 6 W .
(Wayne).
T. 73 N., R. 5 W.
(Scott) .

---- Rock all . limestone

190

~

Sec. 11 - ---------T. 72 N., R. 7 W.
(Trenton).
20______
Oscar Fitch _______ NE.
! sec.

... ...

except some shale;
flinty rock below
the sbale.
___ do ___
Upland
35 -----drift, 85;
---limestone, 55; lime·
stone alternatinc
with shale, 100;
llmestone cherty.

T. 72 N., R. 5 W.
(Oanaan).
John A. Wicks _____ SE.

E . June ____ ________ SE.

200 -------- Rock ______
60

Remarks: 00
given in feet)

85

----- ------ ----------

--_ ..

dry blue sand, 5;
blue limestone, 20;
shale, 25' gray
limestone,
white
toward bottom, 65.
Lower SO feet blue
till.

115 -------- - -- --------- I ---- Loess and yellow tfll,
40; hard blue till,
30; gravel. 30; hard
blue tfll. 15; white
sandstone, 3; shale,
4· cherty limestone
at bottom.
110 100 ------- Sand ______ --_. Sand on rock 60 feet
tblck.
200 ------ -------- ____ do ____
Drift clay. SO; sand.
170.
120 105 -------- Rock ______
123

---~

62

---- ------

Sand _____

---- Yellow clay, 35; light
blue clay, 15; sand,
1· blue·black clay,
1.

70

69

.-------

-----------

--_. . Yellow

clay; blue
clay; rock at bot·
tom;
water on
rock.
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JEFFERSON COUNTY
I

BY W. H. NORTON.

TOPOGRAPHY.

The surface of Jefferson county is a plain of ' ancient drift
dissected by streams from 50 to 150 feet below a once level surface, remnants of which remain throughout the county in tabular divides whose flat surfaces have been estimated to constitute about one-fourth or one-fifth of the entire area. These
remnants are naturally widest along the main divide between
the two master streams, Skunk river and Cedar ' creek, where
they form a featureless prairie plain extending diagonally
across the county from northwest to southeast. Before the settlement of the country wet-weather marshes and shallow ponds
occupied slight original depressions, but these, for the most
part, have disappeared with the lowering of ground-water level
consequent on sod cultivation.
Near the larger streams the country is deeply ravined, and
here, as throughout southeastern Iowa, the intimately dissected
areas are kndwn as "breaks."
The maturely developed valley of Skunk river affords bottom lands more than a mile in average width. The flood plain
of Cedar creek varies in width from a mile where cut in easily
eroded glacial drift and one-half or one~fourth mile where cut in
the shales of the Pennsylvanian and to a narrow gorge' bearing all the marks of youth where the valley is incised in the
more resistent limestones of the Mississippian.
GEOLOGY.

Beneath the dark soil or later humus of the surface lies a
mantle of fine yellow silt-the loess-which on the uplands has
a thickness of 12 to 15 feet or more. On the slopes it is somewhat thinner, owing to rain wash.
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The loess rests on the Kansan drift, which is normally a blue
stony clay, but which has been changed, . under the oxidizing
influence of long weathering, to yellow, and is known to drillers as "true red hardpan." The upper surface of the Kansan
~ay be modified to a sticky noncalcareous clay-the gumbothrough which water can not pass, or in places. may consist of
pervious sands.
Beneath the Kansan, and separated from it in plaoes by layers of sand and gravel (Mtonian), is a lower stony clay, the
Nebraskan drift, a tough dark bluish deposit, which is rather
difficult to drill and which generally contains splinters and bits
of wood and fragments of coal.
Over most of Jefferson county the rock beneath the drift
sheets belongs to the Pennsylvanian series (Coal Measures)
of the Qarboniferous, and consists of a variable succession of
shales and sandstones, with an occasional thin bed of limestone
and some seaItls of coal. (See PIs. X, XIII, pp. 448, 626.) The
thickness of these strata rangeS! from a few feet to 150 feet and
attains its maximum in the southwestern part of the county.
In the northeastern part of the county, in Walnut and in parts
of Penn townships, the Coal Measures have been stripped off
by the tributaries of Skunk river, and the underlying Saint
Louis limestone of the Mississippian series is exposed to view.
The total exposed thickness of the Saint Louis amounts to
eighty feet.
Beneath the Saint Louis limestone· lies the Osage stage,
thirty feet or more thick. The most easily recognized of the
different beds of the Osage are the basal white limestone and
the overlying flinty cherts (Montrose Chert), both of which
belong to the Burlington limestone.
The Osage rests on shales of the Kinderhook stage, here
about 150 feet thick. The rock formations of the area below
the Kinderhook have not been penetrated by the ,drill within
the county.
.iJ "
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UNDERGROUND WATER.
SOURCE.

On the bottom lands of Skunk river and of its larger branches
river-laid sands and gravels, saturated with water, are encountered near the surface. On these open wells and driven wells
here suffice, and in places plenty of water is ob~ained within
ten to twenty feet of the surface.
Water in greater or less quantity is obtained at the base of
the loess, in the yellow Kansan drift, ·especially near its base,
and in or at the base of the Nebraskan drift.
On the level ill-drained uplands, where the run-off is small
, and much of the storm water is either €vaporated or sinks to
feed the stores of water underground, the base of the loess silt
is in many placeEl saturated, and under favorable conditions
' water may still be obtained by wells of moderate capacity at
depths of twenty-five feet or less. These conditions obtain
('~pecially in Polk and the west half of Black Hawk townships.
On the tabular divides, where the 100RS is dry, water may in
many places be found by the well borer in the less clayey portions of the Kansan drift, especially at or near its base. In
Fairfield and Locust Grove townships, along the flat divide ex. tending northwest from the town of Fairfield, a large number
of wells find water above the blue' stony clay within forty feet
' of the surface. In the town of Fairfield many house wells do
' not ·exceed thirty feet in depth, but the well borer can not
depend on striking water at this depth. Here, as elsewhere in
the ' county, the ground-water surface has gradually lowered
and shallow wells must now be bored ten to fifteen feet deeper
than was necessary in the early history of the town; On the
level prairies, where fifteen years -ago water could almost upiversally be obtained with a forty-foot auger, it must now be
sought at deeper horizons. On the breaks or belts of dissected
country along the streamways shallow wells have quite generally failed. Well borers lose an increasing number of holes,
and the driller who is able to carry his quest for water into
solid rock has an ever-increasing- advantage.
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Water-bearing sands and gravels are encounte'r ed in the yellow Kansan drift. The sand may be but a pocket, in which case
it is eas~ly pumped out, or it may be a seam or bed sufficiently
thick and extensive to supply a good stock well. No layer of
sand ' and gravel within the blue stony .clay is marked ,enough
to impress the memories of well makers, though the water-·
hearing sands resting on bedrock at its base are often mentioned. In the west half of Penn township and in the northeastern part of Des Moines township, water is found beneath
the blue stony clay at about 100 feet from the surface: 'Two
wells drilled in the town of Fairfield are said to have found
abundant water in fine sand lying on bedrock at a depth of 195
feet but were abandoned as the sand could not be screened
out. In general, however, the sands beneath the Nebraskan drift
are not reliable in the county.
. The Pennsylvanian series is extremely variable in character.
Beds of sandstone thin out rapidy and may be replaced by '
shales. The succession of strata in one township or even in one
section may not be maintained in the one adjacent. For these
reasons each well drilled in the Coal Measures is largely experimental, and the experience derived from other wells serves only
as a generai guide indicating probabilities. In places the Pennsylvanian contains considerable bodies of sandstone and supplies a soft but often highly mineralized and usually. sulphurous
water.
In many of the rock wells of the county it ha!'\ been necessary
to go through the Co,a l Measures to the water-bearing limestones
and inter stratified sandy beds composing the Saint Louis limestone. The distance to which the drill must go to reach these
beds in any locality is difficult to foretell. 'T he overlying Coal
Measures vary greatly in thickness, for they were laid on the
deeply eroded surface of the Saint Louis limestone and have
also an" Uneven eroded upper surface of their own, now deeply
buried beneath the drift.
( In some part of every township except Fairfield and Locust
Grove 'the Pennsylvanian has been entirely swept away, usually
along the streamways; in Walnut township it is found only over
about six square miles in the southwestern and no,r thwestern

.
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parts. The following township data from U dden,t giving the
average thickness of the Coal Measures in each township may
be of some help to drillers if it is remembered that in any section their thickness may be several times that given, or, 'again,
may be much less than 'the average stated for the township.
Thickness of

PennsyXvan~an

Polk ............................
Locust Grove ••••••••••••.••••••
Des Moines •••..••••••••••••••••
Black Hawk ..•...••.•••••••••••
Fairfield .•..••...•...••.••.•••••
Liberty

,rocks in Jefferson Oountll townships.

20
80
50
15
75
50

Penn •.•..•....•..•.•.••••••••••
Buchanan............. • • • . • • • • • •
Cedar... . . . . . ... • . . . . . . • • • • . • • • •
Walnut ..•..•.•.....•.•.••••••••
' Lockridge •....... ;..............
Round Prairie ......•.....••••.•

30
20
20
10
40
20

SPRINGS.

Few noteworthy springs are reported from the county. In
the southwest corner of section 1, Walnut township, a number
of springs emerge from glacial or preglacial gravels resting on
bedrock. Large springs are said to occur near Merrimac on
Skunk river. Near Perlee in Penn township some sulphur
springs, rising from the Coal Measures, yield 5 to 10 gallons
per minute.
CITY AND VILLAGE SUPPLIES.

Fairfield.~The city supply of Fairfield (population, 4,970) is

drawn from ponds and is not satisfactory. The distrilmtion is
both direct and from standpipe, the domestic pressure being 24
pounds and the fire pressure 140 pqunds. There are 15 miles of
mains, 55 fire hydrants, and 440 taps. The daily consumption
is estimated at 250,000 gallons.
In forecast of artesian possibilities it may be said that the
shales of the Kinderhook Is,tage should be found about 350 feet
from the surface. Any highly mineralized water found in connection with them should be carefully cased out,although it may
be potable. The thickness of these heavy shales is variable and
can not be forecast with any certainty, but it probably will not
'Ann. Rept. Iowa Geol. Survey. vol. 1.2. p. 414.
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exceed 200 feet. The Devonian limestones and shales below the
Kinderhook may contain water, and water will inall'probability
be found in the underlying Silurian limestones and sandstones.
Before leaving the Silurian strata the water of the well should
be analyzed, as the Silurian may include beds of gypsum which
may have added a large lime sulphate content to the water.
Should such beds of gypsum or anhydrite be disclosed, it would
be well to. ,case out all Silurian waters. The Maquoketa shale
should next be reached, lying within 950 feet of the ·surface.
Water will be found probably in the Galena and Platteville
limestones, underlying the Maquoketa, and its quality should
also be tested by analysis. 'T he Saint Peter sandstone should
be reached within 1,260 to 1,350 feet of the surface and should
contain a liberal supply of wf).ter. If the supply should fall
short of the probable needs of the city, the well may be sunk
several hundred feet deeper to a depth of at least 2,000 feet,
in order to obtain more water.
The water in such a well will probably stand about 100 feet
below the curb. Its quality will depend largely on the care
with which the upper waters of the Mississippian and Silurian
fo·r mations are cased out, and would probably be improved by
going deeper than the Saint Peter sandstone.
Minor villages.-Information concerning the water supplies
of other towns and villages is presented in the following table:
Town ana village supplies in Jefferson oounty.
Depth of
wells
Town

AbIngdon .:________ ___
Oounty LIne _________
Germanville __________
Glendale _____________
LockrIdge __________
MerrImac _____________
Packwood _____ _______
Parlee ________________
Pleasant PlaIn _______
Veo ___________________
Woolson

_~

Nature of suppl y

s0
...
i><

I

0

'"

.£

0'"
..,.0

:S~

:S ~

...

"'>
A~

Coo

E<

~

...

Co"

Head
below curb

~ I

0.,

:;~

.eli::

rn

'"

~~

QJ ~

A

Feet Feet
Wells ______________________________ Feet
25 Feet
45 _______
45 Feet
15 Feet
20
Open, bored and drilled wells_____
12 800 __________________ _
Wells and clsterns________________
25
250
100 ______
10 ____ __
Bored and drilled wells____________
20 180 ______ ____
8 ____ _
Olsterns, bored wells ______________________________________________ _
Dug wells ________ _ _________________
16
18
16 ______
10 ______
Open wells __________________
12
50 _______
25
12 ____ _
SprIngs , cIsternS and wells ________
20
250 50-150 ______ 6-20
60
Open and bored wells __________
28
40 ______
85
20 ____ _
______ do __________________________
15
75 _______ ______
10 _____ _

__________ Open wells ___

oJ___________________

18

SO _______ ___ __

10 ____ _
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WELL DATA.

The following table gives data of typical wells in Jefferson
county:
TypicaZ wel1is in 'Jefferson Oounty.

... ......'"
" ;;:
0

<-

Owner

Location

.c

p.

'"

0

1'. 72 N., R . 8 W.

(Lockridge) .
G. B. Parsons _____

£
.c
P.
Q)

0

£

.c

I

'0

Remarks :
(Logs given in feet)

"':>.

~'t:!

~o.

"" '"
, ~.o

0'"
moo

",,,"

I

Feet Feet Feet
1~
miles west of 125 ------ 115 Sand _______ Yellow clay, 85; blue
clay , 60 ; black "ceGlendale.
ment" clay, darker and
harder than blue clay
with few pebbles and
no sand, 20; sand,
grayish yellow. 1().
_______ ______ 5
Kaliff
miles north of 29() ------ ------ Limestone__
Glendale
.
M. R . Cu1lins _______ Salina ------------- - 79 ------ ------ Sand ____ ___ Soil and yellow clay,
pebbly, 45; blue clay,
20; dry sand, 5; blue
clay, 3; blue sand, S;
shale and coal, 3.
1' . n N:, R. 8 W.
(Round PrairIe).
80
300 Limestone__ Drift, 80; rock. 40; shale,
l'bom!lS Raines _____ 3~ miles southwest 317
30 ;
limestone,
167.
of Glasgow.
Heads 175 feet below
curb.
Spratt ... --- -- --- ---- SE.I SW.t sec. a__ 319 18() 317 Sandstone__ Drift, 1M; drift, gravel,
and sand, 25; whit
limestone with bands 0
sbale, 187; sandstone,
2. Heads 85 feet belo w
curb .
?.B ________ 246
10()
SE.;
sec.
------ ------------ Yellow clay, 40; dar k
------- -- ---------- -_ ...
clay, 50; not known,
12; ' limestone, 98; cher
2·3; 2 feet of shale in
15
otber materials.
bard yellow sand rock
witb balls of bard ma
terial. 4().
T. 71 N., R. 9 W.
(Cedar) .
sec.
26_
23()
SE.;
SW
.i
105
30 feet
above
Rosette -------------- ------------- About
creek. Drift, 105; sbale,
3; limestone, 119; sand
stone, 3; lime rock .
1'.71 N., R. 10 W .
(Liberty and parI
of Fairfield).
1 ______________
185
115 ------ -------------L. Howard _________ Sec.
70 ------ -------------- Upland. Joint clay, 20;
G. P. Spratt _______ NW.~ sec. 1L _____ 265
blue till, 50; sbell rock
bastard limestone an
coaly sbale, 38 ; lime
~tone, 152;
sandstone
5.
95 ------ Sandstone__ Red till, 45: blue till, 50
E. R. Smitb ________ SW.! NW.! sec. 2__ 306
coal aua slate, l; wbite
limestone, IOU! brown
limestone. 20; sa.adstone
-witb a little wHter, 2
wbite limestone, 85
sandstone yielding 1
barrels an hour, 4' wa
ter soft and a littl e
salt . Heads 67 feet be
low curt>.

.
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Typical wells in Jejfm'son County-Continued

...

'"e<> -:0'"

IE
~

Owner

E

Location
.c

.c

'"

I=l

P.

I=l

•

I

£~I
Cl.~ r
'" I ~ !

p.

'0»

"'....<>c:>.-c:>.

I

Remarks:
(Logs gi ven in feet)

::::::

0'"

00

I

Feet Feet Feet
Oharles Webb ______ 1 mile east of Liber· 368 ------ ------ ------------- Water salty.
tyville.
p. H. Heston___ ___ N:E.; sec. u_____ .____ 438
420 --------.----- Water also in sandstone,
50
70 ; water lowers on
pumping to -170. Well
4 incbes In diameter; ca·
pacity, 10 gallons per
minute.
'1'. 71 N., R . 11 W .
(Des Moines).
I

E. McOleary ------- N"W.i sec. 1_________

230

M ------

---------

241

95

N.Li sec. 25.

172

50

3________
T. Z. Gillett-_______ SW.t sec.

218

140

168

108

10___ _____

160

120

Hill __________ Batavia ____________

200

( ?)

T. 72 N:, R. 11 W.
(Locust Grove) .
_.- ------------------- Brookville

W. O. Ball_________ NW.;'

1' . W. Gobble _______ NE.i sec. 5____ _____
L.

A. Patterson ____ NE.t

~' .

W.

~ec.

I

'1'. 72 N. , R. 10 W.

(Par t of Fairfield)
Patrick Kennedy ____ SW.; SW.i see. 9__
F. J. Shearer _______ NW.t SW.1 sec. 14_

17 _____________
J. W. Wilson_______ Sec.

I

42

--------------

Sandy loess, 20; till, yel·
low and blue, 44; lime·
stone, - 2; sbale? , 32;
gritty
limestone,
4'
sbale, 20; yellow arenaceous rock, 108. Water salty.

-------------- Yellow t ill and blue till,
85; sand, water bearing,
10; limestone witb beds
of sandstone, 142; sand·
s tone, bard, 4.
172 Sandstone __ Loess, 25; blue till , 25;
"blue granite" (siliceous
rock), 12; brown sand·
stono, 93; limestone and
s3.nds~one,
17. Water
soft.
----- - -------------- Loess and yellow till, 60;
dark till, SO ; black sbale
with mucb pyrite , 40;
bluish bluc'( carbonaceous material, 8; sandstone, sbale and fine
clay, 30.
------ GraveL _____ Yeliow drift, 30; dark
till, 60; gravel, 18;
black shale, SO.
gumbo, 10;
--- --- -------------- Lo€ss, 10;
yellow till, 40; dark till,
60; sandstone, mostly
flne,
but
somewhat
coarser below, 40.
--.--- -----.-------- Creek bottom; marl at
60; coal at 115; hard
sands tQne at bottom.

------

76 ------ ----- Sand ________ Valiey.
Flowing well.
Water from sand below blue clay.
165
90 ------ -------------- Loess, II!; jOint clay or
gt'mbo, 20; red till, SO;
dark t ill, 30; white
shale,_ 20i some arena·
ceous material.
143
95 ------ ----- -- ------- Joint clay, 10; red hard·
pan , 3;' \lluo till, 82;
limestone,
48,
with
crevice in which drjll
dropped 4 feet . Water
contaIns' - . sulphureted
hydrogen;
'laxatlve,
soft.
Heads 60 feet
below curb.

- -~J?ERGROUND
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Typical wells in Jefferson Oounty-Continued.
~

"...0

B

Location

o.wner

:S

.d

A

A

'"'"

...

-:;;'"

IB I
~

:s"

''"" I I
",,,,
",.0

A

0",

"'-

... '"
""

I'

"",

0'"
rI1

Remarks:
(Logs given in feet)

I

-- - -

Feet Feet Feet
110 ----- ----------- Loess and yellow till, 60;
J. F. Seablll.. ___ .. Near center sec. 17.... 145
sand and gravel, 10;
dark till, 40; sand·
stone, In bottom. Min·
eral water.
G. W. Ball.. _____ SW.t sec. 19.. __ ..__ 186
95 ----- ---_ .. _------L. Snider .. _____ SW.t SE.a sec. 21.. 146
80;
90
----_ .._----- "son," 10; red till,lime·
wbite and brown
50;
"slste, "
stone,
black, 2; coal, 4.
S. Sackett .. _.. ___ .. NW.i NW.i sec. 23..

~OO

B. T. Balnes.. __ .... Fairfield .. _______.. _..

151

C. W. Whltam..--.. NE.i SE.t sec. 28_ ..

280

28_______ ..
J . B. Steever.. ___ SE.i sec.

185

D. W. Manning........ SE.i sec. 31 ..............

Loess, 10; red till, 30;
blue clay, 155; sand and
gravel, 5; resting on
bedrock.
______ do _____ fJoam, 5 ' brown "joint
151 -----clay," 10; yellow till,
30; dark till, 78; gravel
and sand, 28, resting on
shell rock.
120 ------ -------------- Drift, 120; black shale,
fire clay, and several
small coal seams alter·
natlng, 45; coal,6; alter·
nations of sbale, sand
rock, and fire clay with
dark sandstone below.
200 ------

Sand and
Gravel

69.

200

80; shale and fire
-------------- Drift,
clay with thin seams of

80 ------

coal, 50; sandstone, 20;
coal, 4' limestone at
bottom.
100 ------ -------------- Dritt, 100; dark sand·
common
20;
stone,
sandstone, 80.

T. 72 N., B. 9 W.
. (Buchanan).
M. Fordyce .. - - -.. SE.i SW.l sec. 28..

Wayne Green .. ___ 3 mfles west of Sa·
lina.

T. H . Olover.. ___ SW.i sec. '1:l................
J. P. Manatry..__ SW.l SW.t sec. 85..

T . 73 N .. B. 11
(Polk).

w.

---------------

1 mfle west of Ab·
ingdon.

97 ---- Sandstone.... Loess, 20; yellow till, 25;
blue till, 50; sand and
a little water, 2' lime·
stone, 88; sandstone, 2;
yielding 2 barrels of wo·
ter per hour; limestone.
46; brown sandstone ,
4.
97
97 ------ -------------- Joint clay, 6; yellow tfll.
40; black bardpan, bard
and irony, 20; dark tfll.
24; old son with wood,
3; sand with water, 4;
limestone.
186 ----- ---- ----------- Loess and gumbo, 26;
yellow tfll, 20; dark
tfll, 141.
240 129 .._--- ... _------- Drift, 129; limestone, 30;
bastard rock and sand·
stone, 51; limestone, 30 .
287

165

165 ....._-- GraveJ .. __ ... Loess, 20; yellow till, 20;
brown soft clay, sandy
streaks, 117; gravel, S;
on bedrock. Heads 40
feet below curb.

/

•
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Typical wells of Jefferson County- Concluded.

..

"" ';;.,'"
0

I .s'" I .s I
0

Owner

Location

c;.

..d

'"

c;.

~a1
",.0

A

A

A

250

140

..d

. -- -~--- ----------- Abingdon

L. K. Wallace ______ SW.t SW.1& sec. 2__

300

sec. 16________

186

_______ SE.?! sec. 20________
'r . R. Smith
33 _____________
A. T. Downey______ Sec.

79
75

T. 73 N., R. 10 W.
(Black HawK).
6________
1'. A. WebQ _______ NW.1& sec.

160

W .~

"'-

00:>
,"0:>

I

Remarks:
(Logs given in feet)

I '" I I rn"'''' I
Feet IFeet Feet
------ Sandstone __ Loess, 30; yellow till,
----------

.
Geo. E. Estes ______

0..,
0'"

30;

dark till, 80; bedrock
with pyrites, 10; black
shale, 4' coal, 6' tire
clay; white limestone to
247; coarse sandstone,
S.
160 ------ ___________ ___ 1Drlft, 160; dark shale,
~O;
cherty limestone,
110.

with some
chert at 104; sandstone
from 144 to 186.
76 ------ ------------- Drift, 76; shale, 3.
70 ------ -------------- Drift, 70; shale and coni
in ·bottom.

------ ------

130

------

-------------- Limestone

-------------- Upland. Loess and yel·

low till, 60; dark till,
70; red shale, 10; some
black shale.
161
85 ------ Sandstone__ Yellow till, 50; dark till
_.- -- ------------ SW.i sec.
with inclusions of sand.
85; shale; sandstone, 4,
J
to bottom.
28 _______ _
SW.~ sec.
A. Freshwater
------ 165 ------ Limestonc __ Loess, 25: yellow tlll, 20;
dark till, 115; red och·
erous clay, 5; sand·
stone?, 12; shell rock,
2; shale, 4: limestone
with crevice n feet
deep, 44. Water contains sulllhureted bydrogen.
37________ 170
J . L. Knigbt.. ____ SW.l sec.
------ ------ GravcL _____ Loess, 20; soft sandy yel·
low till, 140; gravel,lO.
27_______

---

'1' . 73 N .. R. 9 W.
(Penn).
1 __ _______ ____
J. Pasch a __________ Sec.

M. Polus --------. :\'W·l sec. 24_______

100 ------ ---------- .--- Loess and yellow till, 60;
some sand; dark tlll, to
100 from curb; limestone with some sand·
stone, 30.
106 ------ ----- - -------------- Loess and yellow clay, 50;
dark till, 53; gravel, 8.
130

T. i3 N., R. 8 W.
(Walnut).

O. Shaffer _____ ____

E.ll sec. 26________

240

60

------ -------------- Drltt,

60;
"rock and
shale",
180;
"hard
rock" (limestone) In
bottom.
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KEOKUK COUNTY

BY W. H. NORTON.

TOPOGRAPHY.

The surfa,ce of Keokuk. county is an upland plain scored with
the channels of numerous converging streams. The sky line as
s'een from the summits of the divides is everywhere even and
horizontal. Extensive remnants of the ancient level surface,
which must have been singularly flat and featureless, still exist
on the main divides and extend to the rather steep slopes of the
valleys of the larger streams. Even in the southern part of
the county, where North and South branches of the Skunk flow
in parallel and adjacent courses and where the upland is most
. dissected by their tributary streams, there are -remnants of
the original plain three or four miles wide, with a maximum
. relief of less than 12 feet. In this part of the county the valleys of the major streams have been worn to a depth of 100 to
200 feet below the upland level and have been widened by long
lateral ero·sion and the action of the weather. The valley of
the Skunk, for example has been planed and filled to a flat
alluvial floor two to six miles wide.
GEOLOGY •

•
The surface deposit over the entire county, ,except on the
river flood plains, is the yellow or ashen pebbleless silt known
as the loess. It mantles valley slopes as well as level .uplands
and is in few places mo,r e than 8 or 10 feet thick.
Below the loess is a yellow clay that is distinguishable from
the 10,ess by its brighter tint, by the presence in it of sand and
gravel, and by its greater hardness. This yellow stony clay or
till is the weathered upper portion of the Kansan drift sheet,
the unaltered portion being normally bluish gray in color.
Beneath the Kansan lies ano,t her tough stony clay, the Neb-

PLAT.E XIV

IOWA GEOLOGICAL SURVEY

F'eet
000

<EE------- 37

miles------~)··EIO_----

27 miles

----~) ~
(---

23 miles

---~>

PeUa
Sigourney

'-

Des Moines group

-- \I.

-- ------ - ----

Letts

0~0 "

-- .........."
,,

- , '

\

. . estone an

; St. LOUIS

Washington

\

d ()sage groUP
.

~(j

"8 ,/

"""

/

\

~,i~- - - -- ------ - ~

\111'

-- - ~--

--- ,--

-,-

----

----'
---

--

eoo

--

0

,,' , , - --saflU'>5\0'\1,, ' (')e~et
,
, ----

S\. t"

--

,"

700
800

-,-

1000
1100

GEOLOGIC SECTION BETWEEN PELLA AND LETI'S. IOWA
. l!y W. H. Norton
"f'H ~ N Oltlt l S "&T~IfS

co.,

W A S H IHOTO N. O. C.

UNDERGROUND WATERS OF THE SOUTHEASTERN DISTRICT : 661

raskan. It is hardly to be distinguished from the Kansan in
well drilling, unless it should be separated from it by ill-smelling
soils, by peat and forest beds, or by the more welcome waterbearing sands and gravels which not infrequently mark Fhis
horizon. The Nebraskan till rests either on bedr:ock or on thin
; sand and gravels which separate it from the rock.
The rocks of Keokuk county belong to two ' great series of the
Carboniferous system, the Pennsylvanian and the Mississippian. (See PI. XIV, p. 660.) The Pennsylvanian is exposed to
view or is found by the drill immediately below the drift over
large areas in the western townships and in several scattered
outliers over the remainder of the county. The rocks of the
Pennsylvanian series consist of shale (" soapstone" or" slate")
with s'eams ,0'£ coal and beds of fire clay, and lenticular bodies
of sandstone. These rocks lie on a deeply eroded surface of
Mississippian strata.
'T he outcrops of the Mississippian series in this coVUty present only its higher subdivisions. The Saint Louis stage, with
its variable beds of limestone (isome fine-grained and compact,
some magnesian, some sandy, some interbedded with sandstone
layers, and some made up of angular fragments) and sandstone, which in places may attain a thickness of 40 feet, underlies the greater portion of the area. The total thickness of
the Saint Louis may reach 150 feet.
.
The Osage stage underlies the Saint Louis limestone. Its
exposures in the county show a sub crystalline limestone locally
made up of crinoidal fragments in many places pure white.
It occurs, in layers commonly less than a foot thick, separated
by bands iof chert or of clay. The Osage und~rlies the drift northeast of a iline drawn diagonally across the county from a poirit
three milbs south of Keota through South English. The thickness of the Osage in the deep well at Sigourney is 168 feet.
The Osage rests upon the heavy shales of the Kinderhook.
Everywhere throughout the county these shales lie too deep to
be shown by even the deepest valleys. Some of the deeper
wells of the county reach them, however, and their total thickness, shown by the Sigourney boring, measures 229 feet.

!
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UNDERGROUND WATER.
SOURCE AND DISTRIBUTION.

On the broad bottom lands of Skunk riv'e r "sheet water" is
found in river sands and gravels at a depth of 24 to 30 feet.
The water ' derived from this formation by some wells is said
to have a slight odor of .organic matter.
'T he chief water supply of the county is obtained from the
drift. Ground 'water beneath tlie level prairies .stands high.
Under favorable local topographic conditions the basal silts
and sands of the loess yield a supply sufficient for house use,
and in certain localities, at least in wet years, sufficient for stock
wells. Thus near Richland a well ~3 feet deep, dug in 1906,
struck water at 12 feet, the quantity increasing to the bottom;
this well, which supplies 30 head of cattle, probably obtains
water from sands and Kansan drift as well as from the ' basal
loess.
There are several well-marked water-bearing beds in the
drift. At Sigourney these are reached at depths of 25 and 55
feet in loose grav'elly beds, and at varying depths in gravels
immediately overlying the Saint Louis limestone, which here
occurs 35 to 70 feet from the ' surface. The following s'ection
of the drift at Sigourney is given by a driller.:
Section 01 drilt at Sigourney.

IT~~~:' I

Depth

------------------------------------------.-~---

Joint clay. without pebbles (loess) __________________ _ __________________________-'___ Feet
16 Feet18
OIay, sandy, loose, yellow, pebbly, caving; containing water toward base________
22
S8
OIay, blue, with streaks of yellow; hard, with small pehbles, many of them white
In color; penetrated to a sufficient distance for reservolr ___ ______________________ to rock _____.!_

, r
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:' At Delta-, in-'Warren township, the section !of the upper por~
tion of ,the drift is given as follows:
'
Section of drift at Delta.

,',

ThICk- 1
ness Depth

•

".

r

•

I

I

_!______________

FeetIi
son, -black ___________ _______________
Clay, yellow, with black streaks ____________________________
15
Clay, yellow, cavlnlr, soft; with sand streaks; water bearlnlr In basal portloDS___
15
~

Feet 6
20
' 85

On the upland about South English a diff'e rent sec~ion is
given:
SecDion of arift near South English.

ThICk- 1
) ness Depth
OIay, yellow (loess) _________________________________ Feet
12 Feet12
son, ashen, dry (Kansan) ________________________________
6
17
Olay, old,
blue,III toulrh,
withand
small
white
pebbles_______________________
10
27
son,
smelllnlr,
wood
____________________________
1
28
Sand, clean, coarse, white, with water __________________________ -'-_______ _

In Steady Run township, on the flat prairie about Martinsburg, the succession is said to be -as follows:
Section of drift near Martinsburg.

ThICk- 1

I neBS

Depth

Feet5 Feet Ii
Bon, blaek __________________
Olay, yellow, ashen at bottom _________________________________
20
26
OIay, yellow ____________________________________________
12
8T
Olay, blue, stony ________________________________________
40
77
Band, with water _________________________________________________ _
~______________________

-' Other~ sections showing drift deposits and water sources, as
related by the drillers, will be found in the list of wells (p_ 668)_
'rbese sections seem to show that the upper weathered zone of
the Kansan -till is still water-logged under favorable topo- ,
g,raphic"condith:ins, ind that it furnishes water a:t"verY'Inoderate
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depths from its' sandy beds; they show also, however, that a
more dependable source of supply is to be found in the sands
beneath a sheet of blue till which in many places is probably:
the unweathered Kansan, the sands being those which immediately overlie the N ebraskari drift.
'
The thickness of the drift and the depth to its different water
beds varies great~y. In the tOiWTI of Sigourney the depth to
bedrock ranges from 35 to 70 feet; a mile north of town, wells
190 feet deep ' fin~l' water in grave1s without reaching rock. In ,
the southeastern sections of Lafayette township rock is struck
within 30 feet of the surface; in the western sections the drift
is 130 to 160 feet thick and in the rro,r theastern sections from
100 to 130 feet. On the uplands in the vicinity of South' English the average thickness of the drift is about 100 feet; ~bout
\Vebster it is from 90 to 100 feet thick. In the area about
Haysville rock is struck in wells 50 and 60 feet deep.
Until the s'eries of dry years in the nineties it was rarely
necessary to sink wells into the indurated rocks for water, ex-'
cept in the well-dissected areas where drift is thin ' and ground '
water normally stands low.
'
The Pennsylvanian supplies good water in but few localities,
a fact which causes serious difficulty in the mining regions of
the western townships, where most of the water 'obtained is
drawn from the drift.
The Saint Louis limestone usually yields a good supply of
water from the soft sandstones that lie between the limestone
beds, as, for example, in the wells at Keswick. Where the
Osage stage forms the country rock, as in Liberty and Lafayette townships, wells which fail of finding water in the drift
are drilled a . considerable distanye in this limestone befo,r e
finding water. Of the wells .reported from these townships"
'
more than one-half exceed 200 feet' in. depth.
In the southeaste-rn townships, Richland and Jackson, a
number of deep wells have been sunk. The deepest or these,
~t8 · feet deep, passE:ld, through 150 feet of ,drift, (eight r feet ofl
flinty, pyritiferous rock, and 50 feet of "clay" (shale), which
may be either Coal Measures or Saint Louis limestone; then '
200 feet of. solid limestone (the Osage and perhaps the lower
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part of the Saint Louis) ; and finally 140 feet of shale evidently
the Kinderhook. Whenever the thick and dry shale of the
Kinderhook is struck, drilling should cease unless the
owner is prepared to sink his well to the much deeper formations
reached by the deep well at Sigourney, (p. 667). In other counties where like conditions exist the experiment of shooting a
well with nitroglycerin at the top of the shale when water has
not been made above it is successfully made as a last resort.
SPRINGS.

O~ly in the western townships are noteworthy springs reported. A number of unfailing springs, the water of which is
said to ris·e from gravel and from sandstones, emerge along
Richland creek north of Richland, the measured discharge of
one being three .gallons per minute. Other springs are reported no,r theast of Har:eer in Lafayette township.
CITY AND VILLAGE SUPPLIES.

Keota,. -The water supply of Keota . (population, 988) ~s
tak~n from a well 180 feet deep. The amount used daily i~
13,500 gallons. The water is distributed from a tank having a
capacity of 68,000 gallons. The fire and domestic pressure is
65 pounds. There are 1% miles of mains, 21 fire hydrants, and
150 taps.
The well reached rock at 70 feet. Tu this distance it was
excavated to a diameter of 10 feet, to serve as reservoir, the
casing of the drilled well occupying the center. The supply,
however, is insufficient for the needs of the town, and at times
of greatest consumption the well can be pumped dry several
times each day.
Sig'ourney.-The water supply or" Sigourney (population,
2,032) is drawn from a well 14 feet in diameter and 20 feet ·deep,
situated l1f2 miles from the town on the flood plain of SKunk
river and about · 150 feet from the river bank. The water is
distributed by gravity from a tank holding 50,000 gallons. The
domestic pressure is 50 pounds; the fire pressure, 100 pound",
There are 7 miles of mains, 41 fire hydrants, and 100 taps.
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Besides. supplying water for its own use the town furnishes
water to -the Chicago, .Rock Island & Pacific and the Chicago',
Milwaukee & St. Paul Railways for use in their engines. The
amount of water consumed by these companies and th~ objecr
tionable qualities of the water of the deep well ' fot use in
boilers. may, it is said, have had something to do with' the abal1 donment of the deep well drilled for the city by Hopkins and
Gordon in 1882. (See PI. XIV, p. 660.)
The depth of the well is 1,888 feet and the diameter, 6 inches
to 1,091 f,eet, 4lh inches to bottom; casing to 1,091 feet. The curb
is 756 feet above sea level, and the head 30 feet below curb. At
1,320 feet, in the Saint Peter sandstone, mineral water 'with
strong odor was found; at 1,360 feet, a crevice was encountered
in which the drill dropped 2 feet and a current of water carried
off the cuttings. The supply of water increased to 1,388 feet,
when it flowed over the top' of the well while the drill was in
and sto,od within 30 feet of curb when the drill and rods were
removed. No water was found below 1,388 feet.
On account of the poor quality of the water the well has never
been used. It is also stated that its capacity was insufficient1
but if any pumping tests were ever made they have not bee~
reported.

•
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strata in city well of Sigourney.

j '.rhilOk./
ness

Deptb

Feet

Feet

PlelsDrIft
tocene:_________________________________________________________________ _
Oarbonlferous (Mississippian):
SaInt LouIs limestone and Osage stage (306 feet thIck; top, 706 feet above sea
level)Shale, blue; a few drift pebbles fallen from above _________________________ _
Olay, brown, fine, noncalcareous; In flakes; dlsaggregates In water wltb
about ten
times
the difficulty
of tbe blue till; quartzose and chert,_
residue;
some
glacial
pebbles _______________________________________________
Limestone, brown.gray, arenaceous ________________________________________ _
LImestone, gray, arenaceous, cberty; 2 samples___________________________ _
Sbale, calcareous; mucb gray flint In flakes _______________________________ _
Limestone,
hlgblylargely
siliceous,
argillaceous; much flint and blue_
_____________________________________________
shale; drlllings
chertblghly
LImestone, bluisb gray; drlllings mostly chert of the same color_________ _
Limestone,
gray, orhighly
sbale, siliceous
higbly cherty,
quartzose, and argillaceous_
Shale, blue,bluish
calcareous,
___________________________________
LI'IIlestone, blue·gray, highly cherty_______________________________________ _
Limestone, sott, blue·gray ________________________________________________ _
Limestone, blue·gray; mucb cbert __________________________________________ _
Limestone, ligbt blulsb; eartby luster, In large flakes, hlgbly slliceous ___ _
-----------------------------------------------------Limestone, drab,
blue·gray
granular
________________________________________________ _
Limestone, brown, somewbat cberty ______________________________________ _
Ohert, blue·gray _____________________________________________________________ _
Limestone, brown, somewbat cberty _______________________________________ -_
LImestone, lIgbt gray, soft, angular, crystalline__________________________ _
SblUe,
hard, greenisb,
calcareous, microscopically
siliceous; In fragments;_
2 samples
______________________________
_________________________________
Shale, dark greenish; in large fragments; calciferous; so hIghly siliceous
limpid quartz that it might perbaps be_
with mIcroscopic
called
sandstone; 3particles
samples of_______________________________________________
Llmestone,light
and
darker
blue·gray;
in flaky cblps; argillaceous and._
microscopically arenaceous _________________________________________________
Klnderbook stage (198 feet thick; top, 400 feet above sea level)Shale, greenish , soft, slightly calcareous, fine·gralned; 4 samples_________ _
DevonIan
(171 feet
tblck; top,
202 feet above
sea level):
LImestone,
green·gray,
argillaceous
____________________________________________
_
Sbale, indurated, calcareo·siliceous ______________________________________________ _
Shale, calcareous, or limestone, argiUaceous: blghly fossfliferous; drlllings
of Splrlfer, Ortbls,
and perbaps otber brachIopods, and_
largely
fragments
of
crinoid
stems ________________
____________________________________________
LImestone, blue·gray; eartby luster; fossiliferous ____________________________ _
Limestone, broJVll and buff; earthy luster; fosslllferous ______________________ _
LImestone, soft, yellow; eartby luster; 4 samples _____________________________ _
LImestone, gray, cherty ________________________________________________________ _
Limestone, whIte; In powder ____________________________________________________ _
SilurIan (146 feet tblck; top, 31 feet above sea level):
LImestone, magneSian, buff; In sand; 2 samples _______________________________ _
Dolomite, gray·buff; in chips; subcrystalline, much white chert; 2 samples ___ _
Dolomite, yellow, buff, and gray; mostly cherty; 5 samples __________________ _
LImestone, magnesian; mostly white and translucent cbert, wIth Interbedded
pyrIte, and a large number of minute rounded graIns of limpid_
cubes
quartz of____________________________________________________________________
OrdovIcIan:
Maquoketa sbale (159 feet thick; top, 115 feet below sea level)Sbale, blue, green, gray , and drab; 7 samples ____________________________ _
Galena
and Platteville
limestones
(283 feet _____________________________________
tblck; top, 274 feet below sea level)
Dolomite,
brown, hard,
argillaceous
~

50

00

18
30
22

118

120

15

135

20

155

10

165

5

170

17

137
190

3
5
10

5

15
15

195
205
210

225
240

6

250
256

14

270

25

810

20

880

10

15

285

12

342

14

358

198

554

81

565
606

21

13

618
630
643

5

668
673

12
12

25
52

5

725
730

79

786
865

6

871

56

159
1,030
25
1,065
yellow·gray__________________________________________________
84
1,089_
Limestone,
IIgbt ____________________________________________________________________________
DolOmite, brown
LImestone, magnesian, cberty, wbite, gray, buff, and brown; all effer·
vesce more rapidly than Galena dolomite _______________________________ _
1,238
149
Obert _________________________________________________________________ _
1,255
17
LImestone, ligbt yellow·gray, cherty ________________________________________ _
1,260
5
LImestone; a little sbale ___________________________________________________ _
1,275
15
Shale, green, sott, calcareous ___________________________________________ _
6
1,281
Limestone, gray ________________________________________________________ _
1,290
9
LImestone, magnesian, brown ___________________________________________ _
1,315
25
SaInt Peter sandstone (115 feet thick; top, 557 feet below sea level)Sandstone, fine·gralned; whIte and light gray In mass; mostly angular
fragments wltb some I'ounded graIns; 7 samples ___________________ _
1,480
115
du Chien stage
(458 feet
thIck; top, 674 feet below sea level)Prairie DolomIte;
2 samples
_________________________________________________
_
1,8'28
898
Same (reported) _____________________________________________________ _
1,888
60

I

.
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Minor supplies.-Information concerning the water supplies
in the smaller towns and villages is presented in the following
table:
ViUag e su.pplies in Keokuk County.

...
't:I

Nature of supply

""15.
"

Q

Delta ________ Gibson _______
Haysville _____
Hedrick _______
Kinross ___ ____
Nugent _______
South English_
Tallyrand ____
'l'bornburg ___
Webster ______
What Cheer __

"e

0'"

~""
...

.£

.d",

~d

.d

A~

P.

Q

'"

Hcad below
curb
<;
;:~

c;'@
;j~

I

"'::::"'
"''''

~<;

.
Fect
Feet
Feet
Feet
Feet
Dug and drilled wells ________________________ 22-470 1OG-300
50
12
50
Wells _____________________ _____ __ ____________ ________ ________ ________
4-15
Dug, drilled and bored wells________________ 16-40 ______ ~_
55
15
Wells
. ________ ______________ _____________ 16-55
25 ________
12
45
Open wells _________________________________________________________________________ _
Dug, bored and drilled wells ___ _____________ 16-180 9()-lSO
20-60
20
411
Open and drilled weIls_______________________ 10-60 ________ ________
20 _______ _
____ do ______________________________________ 20-230 ________ 50-75
15
55
Open wells _____________ ______________________ 20-50
35 ________ ________
8
Bored wells _________________________________ 16-30 10&18
5
Wells and cisterns___________________________ 16-45
25
90
8,
85

WELL DATA.

The following table gives, data of typical weUs in Keokuk
C?ounty:
Typical wells in Keokuk County.

Owner

Remarks:
(Logs given in
feet)

Location

T.77N.,R.10W .
(Libeny).
Feet In. Feet Feet
W. Oliver ________ SE. i sec. 6__ 253 ______ 230 ___ _-.

Daniel Ooffman__ NW.

11:

sec. 31

290

_~

Fect

________________ 20 feet of sandstone

and
some
SOaPstone
drift.
170 _____ . ___ _c______________ All limestone
drift.

grlj'
below
below

Graham . ____ SW. i sec. 31 232
160
Casper Troutman SE. 11: sec. 32 240
155
Albert Dill ________ Soutbeast of 220
130
Kinross.
T . 77 N., R. 12 W.
(Adams) .
J. O. McBride ____ NE. 11: sec. 13
41
2 ______
40 GraveL___
+1 Foot of hill.
____________________ SW. 11: NE. 11: ___________________________________________ Soil and yellow clay ,
20; yellow pebhJsec. 32.
clay , a little water
at bottom, SO; hard
T. 76K., R. lOW.
black
pyritiferous
( Lafayette).
220 ______ 155 _______________________ _ shale, 16.
Ephrlam Bouzloz_ NE. i sec.' 5__ 325 ______ 100 ________________ ______ _
John Curtis ___ .. _ NW. 11: sec. 5
Creamery ________ Harker ______ _ 92 _________________ Sand _______ -16 Soil and loess; yel·
low pebbly clay, 12;
hard, blue clay
wIth
WOOd,
60;
sand.
Cook '_____________ NE. i sec. 6__ 208
150
Simon Herr .______ NE. i sec. 7_ 260
160
David Clyde _____ NW. i sec. 9__ 150
120
E. A. Kenr-ell _____ SF.. i sec. lL 147
97
Scott ' Kirkpatrick SW. -i sec. 12_ 202
130
Klein -------r NE. i sec. 13__ 175
120 ====== ============= ====== Shale 1 foot, at bot·
Frank ' Hqlmes _, SE. 11: sec. 2__ 110
109 ______ Sand ___________ .. _ tom.
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Typical wells in Keokuk Cotmty-Concluded.

Location

Owner

J

111

__________L -_______

: ~~

Ed Van Fossen ___ SE. i sec. 36__
T. 75N., R.

n

Fe~J In.

Iii iN jt I~i
1

Feest Feei. · 1 ',:':

~~~]~~~~~~~~~~~~

W.

(Parts of Germar:
and Lancaster).
J.
F. DOeIlSing. __ NW.
sec. 26_
___________________
NE. i i sec.
__
OhDrles Brallfer __ ,Sec. 84 ------_
Teuschcr ____ _ BE. i sec. 14
H. Brain ________ BW.
sec. 26
T. 76 N., R. 11 W.

a

~~~~~_~~_~_~~~~~~

About 1 milo
southwest of
Harper.
_______ . ____________ About 1 mUe
northwest of
•
Harper.
____________________ SE.
NE.
sec. 36.

a

~

E. W. Monne ___ ._ Southwest pt.
T. 75N., R.10W.

(Olear Oreek).
John Wright _____ NE. a sec. 5_
A. D. Oonrad ____ SE. i sec. 11_

I

Remarks:
(Logs given in
feet)

1W ____________
_____ _
60 _________________ J Sand _____________ Yellow clay, 40; blu ..
clay, 20; sand.
4~
120
175 ___________ -DO Oapacity, 1~ gal10np
224
180 ______________________ _

280

190

120 _____ Limestone _____ __

180

134

per minute.

In quicksand;
abandoned.
54 __________________ Gravel ______ -50 Loess, 20; yellow clay
15; blue clay, 16;
fine gravel.
141 _________________________ Rock
outcrops8. on
lW
neighboring
creek
65 feet lower than
curb.

130 ____________________

~

______________ Ends

105 ------ .... - .. ---- ----130 - - --- _... _----------

180
170

-75

T. 74N., R.lOW.

(Richland) .
John W. Lemly __ Sec. 18 ______

302

6

70

F. H. HeUman .__ ---- do -------

213

6

26 ------

Jerry Reddig _____ Sec. 29 ______ _ 113

48

Samuel A. Altman Sec. 80 ______ _

548

5~

to

70 ------------

-------------

-70 Capacity 1 gallon I:er

minute.

-30 Oapacity 30 barrels '"

day; easily lowered

to -100 feet.
-78 Soil, 2; yellow clay,
1(\;
yellow
joln;clay, 48; blue tlf!,
35;
yellow sandy
clay, 9; gravel 8;
soapstone, 1.
150 • 400 Limestone _ -D2 Water lowers to -200105 Gravel

---_.

3~

'f. ·74N., R.11 W.

(Jackson) .
•Tohn Altenhofen __ Sec . 1 _______ _

418

6

Isaac Brown ____ ~ Sec. 12 ______ _

118

6

Isaac Sbelly

105

6

48

O. O. Bottyer__ .._ 2~ miles from 125
Ollie.
Hollings· Neal' Ollie ____ 250
Pierce
worth.

6

38

~ ___ .

Sec. 13 ______ _

85

102 _____________

50 _________________ _

-60

-106

103 Saint Louis_ -40

125 _________ .___

60 ______________ _

-40

Drift, 150;
fpet.
flinty rock, pyrltll·
erous J 8; clay, f<';
solid rock (IImc·
stone), 200; shale,
Kinderhook, 140 .
OapLcity, 3~ gallons
a mfnutp; lower. to .
-2'15 feet. Drift,
102; limestone, 58;
flint, slate, pyrite ,
65; soapston.. , 193
with water at 410.
Mostly
Ilmestone:
some sandstone "0<1'
a little black rock.
Oapacity, 12 gallons
a minute; can not
be lowered. Drift,
48; sandstone, 10;
hard, white fllnt·
rock, 47.
Oan not be lowered,
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LEE COUNTY

BY W. H. NORTON.

TOPOGRAPHY.

Lee county, occupying the southeast corner of the state, and
bounded on the southeast by the Mississippi, on the northeast by
the Skunk, and on the southwest by the Des Moines, may be
described as an upland overlooking its boundary rivers from a
height of 100 feet and more. From Montrose to Keokuk the
Mississippi flows through a narrow roek-bound valley. From
Montrose north to Fort Madison a wide, crescentic flood plain
on the right bank has been open'ed in the drift on either side of
the l'o,w er course of Sugar creek, and north of Fort Madison a
still broader alluvial plain has been opened on either side of
Skunk riv'er. 'T hese two patches of the Mississippi flood plain
and a plain of similar character along the Des Moines at Sand
Prairie are the only lowlands within the county.
A low ridge, sufficiently prominent to give name to Pleasant
Ridge township, rises above the, general level of the upland plain
and extends nearly north and south from the Henry county line
through West Point to Sugar creek. East of this broad swen
-the termin8J. moraine of the Illinoian ice sheet-the upland
is overlain with Illinoian drift; west of it the upland is formed
of the older drift sheet, the Kansan. A broad shallow depression, a temporary drainage channel of Pleistocene times, entering from Henry county on the north, is known as Grand Valley until, trending to the southeast, it is occupied by Sugar
creek. With these exceptions the entire upland may be regarded as a plain once nearly level and now ' etched with the
valleys of a drainage system as yet immature. The divides
are in the main tabular and are still so wide as to allow a high
ground-water surface.
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GEOLOGY.

The lowest drift sheet of Lee county is the Nebraskan, a dark
stony clay, in places separated from bedrock by outwash sands
and from the ' overlying Kansan drift by forest beds, old soils
or still more commonly by sands and gravels of special importance to the well driller. The Kansan drift sheet is a dense,
. tough stony clay, weathering to reddish yellow, .but bluish in its
' unweathered deeper portions. East of a line drawn north and
south through West Point from the Henry county line to Sugar
creek is a third drift sheet, deposited by a still later ice invasion, the Illinoian, Over the area of the IUin oian drift , an
old soil (Yarmouth) in many places separates it from the underlying Kansan.
'
The rocks under the drift in Lee county belong entirely to
the Pennsylvanian and Mississippian series of the Carboniferous. (See PI. XII, p. 618.)
The rocks of the Pennsylvanian series or Coal Measures lie
on an ~ncient land surface eroded in the rocks of the underlying
Mississippian series. They consist chiefly of drab clay shales,.
not commonly associated here with coal; and yellow -friable sandstones. As outliers of the Iowa coal field they occur in the
western part of the county and ar.J:l' found in four tracts, occupying mo,r e or less of Pleasant Ridge, Marion, Franklin, Cedar,
Harrison and Van Buren townships.
The Mississippian series of this area includes the Saint Louis
limestone and the Osage and Kinderhook stages. The term
Saint Louis limestone of the Iowa State Survey reports and as
employed in this report includes the upper part of the Warsaw
limestone, the lower part of the Warsaw being included in the
underlying Osage stage. The Osage stage of the United States
Geological Survey, however, excludes the Warsaw limestone. .
The Saint Louis limestone forms the country rock over perhaps one-third of the county, with a thickness of hardly more
than 30 feet. It is variable, including magnesian and nonmagnesian limestones, sandy limestones, and blue sandstones. ,Much
of it consists of breccia, !l rock that has been broken into angular
fragments. The sandstone beds of the Saint Louis should yield
a moderate amount of water.
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The Saint Louis limestone rests on the Osage stage, which includes as its basal formation the Burlington limestone, the lower
part of which is characterized by its brilliant whiteness, its crystalline texture, and its numerous fragments of crinoid stems
and plates. Upon the lower division of the Burlington lies the
Montrose Chert, well exposed along the Mississippi from Montrose to Keokuk, where its resistance to corrasion has given
rise to the Lower Rapids of the Mississippi. This chert constitutes the upper division of the Burlington limestone. As
flint or chert is considerably harder than steel it might be supposed that these beds of chert would be difficult to drill, but the
thin, brittle layers break easily under the heavy stroke of the
drill and the chips do not' pack. The Osage stage also includes
the Keokuk limestone, the lower part of which is bluish and
cherty, about 25 to 40 feet thick, and the upper part a shale
about 40 feet thick containing many geodes lined with banded
chalcedony or crystals of quartz. The lower part of the Warsaw limestone, consisting of alternating sandy limestones and
sandy shales, about 30 feet thick at Keokuk, is, for convenience,
also included in the Osage stage. The Kinderhook stage underlies the 'entire area but is exposed in a few ' places only.
UNDERGROUND WATERS.
SOURCES.

The riVier-laid sands and gravels of the broad Mississippi bot'tom lands and those of the narrower flood plain strips along
Skunk and Des Moines rivers yield abundant water. of ,excellent
quality to shallow open or driven wells.
The uplands of the county are mantled by the loess, a soft
friable silt that is too fine to be called sand and too co,a rse to
be called clay, and that furnishes water to shallow wells that'
reach its base wherever conditions bring ground water near the
surface.
Water is obtained from thin sandy streaks in the Illinoian
drift, and especially from sandy layers of the interglacial deposits separating the TIlipoian and the Kansan drift sheets.
rrhese interglacial beds, known as the Yarmouth, from their
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occurrence at the village of that name, comprise not only sandy
beds in places but also old soils that contain wood and beds
of peat or muck. The water from the Yarmouth is therefore
likely to be ill smelling and available only for stock.
The depth to the Yarmouth ranges from 20 to 40 feet in the
northeastern part of the county. Along the ridge of the terminal moraines of the Illinoian drift sheet the increased thickness of this drift increases this depth to 40 to 70 feet . .
The deeper water beds in the drift are sands in the Kansan
and Nebraskan tills, water-laid interglacial deposits (Aftonian)
which separate them, and sand and gravels which ov'e rlie the
bedrock. N one of these horizons are altogether dependable.
In Washington and .G reen Bay townships, for example, little 0,1'

Figure 6.- Map of Lee co unty showing course of former valley of Mississippi
river (s h aded area). Present' valleys outlined by hachures. (After Gordon.)
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no water is found from the top of the blue till (unweathered
Kansan and Nebraskan) to its base, although at Fort Madison
it reaches a thickness of 260 feet. The quicksand below it,
however, about 100 feet deep at Fort Madison, yields generously. On the thick drift of the Illinoian terminal moraine
water is found within 70 feet of the surface. An ancient driftfilled channel of the Mississippi, whose extent is shown in
figure 6, contains a thickness of 300 feet and more of Pleistocene deposits, including heavy sands and gravels. ,At Mount
Clara and west and north of Summitville', wells in this old channel encounter 50 to 125 feet of sand containing more or less
driftwoo'd and in places overlain with an ancient soil. In one
well dry reddish sand above was succeeded by gray sand underlain by water-bearing gravel. In nothern Lee county, in
the area from Denmark to Saint Paul, the drift is comparatively thin. Water is commonly found on or above the
rock, but many wells seek deeper sources.
The water from the Pennsylvanian is likely to be highly
mineralized and sulphurous. The sandstones yield some water,
but as dry clay shales form the b'ulk of the series and as the
lenses of sandstone are exceedingly variable and rapidly thin 1
out laterally, the occurrence of sandstone water-bearing beds at
any given point within the area of the Coal Measures can not be
predicted.
Water occurs in the ·Mississippian limestones in quantity
ample for house supply, and is utilized by a large part of the
pOPlllation. The geologic horizon of the strata that yield the
strong flows at depths ranging from 700 to 800 feet below the
surface remains in some doubt. Local drillers, as at Burlington and at Fort Madison, speak of the water bed as the
"Saint Peter sand rock," a term as easily applied to a waterbearing dolomite which is cut by the drill into spalkling crystalline sand as to a true sandstone. If the samples of the
Young Men's Christian Association well at Keokuk are reliable, this well and all others of like depth find their water far
above the Saint Peter sandstone. No sandstone of any kind appears in the drillings of Young Men's Christian ,Association
well, the basal stratum and water bed being a brown dolomite
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belonging to the Silurian or to the Ordovician (Galena). According to several logs it is sandy, as the Silurian is known to
be at Washington and Centerville. By the log of the Hubinger
wells at Keokuk a shale referable to the Maquoketa and sepa·
rated from the Saint Peter by the Galena and Platteville limestones is found beneath it. On the other hand, supporting the
reference to the Galena is the facies of the brown dolomite
itself. At Mount Pleasant, where alone in southeastern Iowa
there is a compl,ete record of samples to below the Saint Peter,
dolomite is absent' from the Silurian, whereas precisely such a
brown dolomite constitutes the bulk of the Galena. At Fort
Madison a similar brown dolomite, cov.ered by the Maquoketa,
forms the water bed. If the water bed is the Galena, the
Maquoketa is absent and the shale of the Hubinger wells found
below the water bed is difficult to account for.
In other counties of similar geologic structure the Montrose
Chert (upper part of Burlington limestone) yields considerable
water, but the main water bed in the Osage stage is the lower
part of the Burlington limestone, especially the part near itf;
base, where descending ground water finds its farther downward progress stopped hy the impervious shale floor of the Kinderhook. The water occurs in irregularly spaced and quite unpredictable crevices and passages dissolved along bedding planes
by percolating underground water. Hence, a well may be drilled
even to the Kinderhook and fail to find an adequate supply
because it has missed a channel, perhaps by only a few feet or
yards. In this event, access to any near-by channels in the limestones may be gained by "shooting" the well with nitroglycerin
a .short distance above the top of the shale. If this experiment
is a failure, it remains to try the chances at some other place.
The shale of the Kinderhook stage underlies the entire area,
but for several hundred feet below the top carries no water.
The deeper water-bearing strata have been tested at a number
of points, as at Fort Madison, Keokuk, Mount Clara, Mooar and
Montrose (see pp. 677ff).
On the whole, the larger supply of the county is still drawn
from the drift, and that, too, from its higher horizons, but as
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these have been found less and less adequate, an increasing
number of wells of recent years have been drilled to the water
beds of the country rock.
'
SPRINGS.

Good springs occur in almost every tOW1!ship '0'£ the county,
those' which issue from the Mississippian limestones along the
escarpments fronting the larger streams being ,especially
copious. Small springs of highly sulphated waters occur in
areas underlain by Coal Measures rocks. Springs and oozes are
als'O numerous in the drift. The ,springs on the east bank of
Sugar cre,ek, near its mouth, issue from sands and gravels
interbedded between blue and yellow tills. Large springs are
reported from near Belfast, Overton, West Point and Augusta.
CITY AND VILLAGE WATER SUPPLIES.

Denmark.-The following information in regard to Denmark
(population, 350) is taken mainly from notes by Frank Leverett:
The R. B. Quinton well, located one and one-half miles northwest of Denmark, has a depth of 1,715 feet. The curb is 715
feet above sea level and the head 54 feet below curb. The
supply is stated by driller to be "plenty." Drift continues to
80 feet. The first sandstone, at 900 feet, was rather fine and
was .called by driller the Saint Peter. A second sandst'One was
reached, but no change in head of water was noticed. Date 'Of
completion, 1890.
The Isaac Bell well, located in section 21, Cedar township,
has a depth of 1,220 :fleet. The curb is 700 feet above sea level
and the head 28 feet below curb. The date of completion, 1890.
R ecord of strata in Isaac B ell we!! at Denmark.

l

Thickness. \ Depth.

Feet
Feet
Loess _____________________________________________________________________________ _
7
7
Gumbo, gray _____________________________________________________________________ _
4
11
Yellow till ___________ _____________________________________________________________ _
79
90
Cemented crust ______________________________'_____ __ ____ __________________________ _
92
2
Sand ______________ _____ _____________________ ______________________________________ _
18
110
Coal. thin bed of shale, llmestone, etc _______ __ ____ ______ ______________________ _
706
816
Sandstone, white, water bearing; water overflowed for nearly B day and then
dropped to about 23 feet below surface; a few feet thick; at_____________ _____ _____ _____ _
816
Limestone, mainly _____________________________________________ ___________________ ____________
1,200
Sandstone, yellow _______ ______________________ ________________________________________________________ _
Sandstone, white, to _______ __ ________________________ _____________________________ ____________ 1,220
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Fort Madison;-Fort Madison (population, 8,900) is supplied by a water system owned by the Fort Madison Water .
Company. Water is drawn from the Mississippi and pumped
to a reservoir with a capacity of 6,000,000 gallons. The consumption amounts to 1,500,000 gallons a day. rr'he domestic pres- .
Sure is 60 pounds and the fire pressure from 120 'to 130 pounds. ,
Ther,e are 130 fire hydrants and 750 taps.
The geologic horizon of the chief water bed at Fort Madison
is doubtful. (See PI. XII, p. 618.) The rock is called by drillers of
southeastern Iowa the "Saint Peter sand rock," but all samples submitted ar,e a sparkling brown dolomite sand. Such
cuttings have often been supposed to represent sandstone, even
when, as at Fort Madison, quartz ,sand is entirely absent. The
rock yields a bountiful supply of water, and probably on this
account was designated the Saint Peter by drillers. In this
part of the state, however, few wells reach that famous sandstone aquifer.
The water-bearing dolomite has the characteristics of the
Galena. It is ov,erlain by a shale which, when compared with
the sections of neighboring deep wells, appears to represent the
Maquoketa. For these reasons it is assumed to be the Galena.
The large yield may be compared with that from the same bed
at Davenport.

It is not impossible, however, that the dolomite is Silurian
and that the so-called Maquoketa shale is really a basal shale
of the Devonian. In support of this theory is the fact that
,Silurian rocks yield largely at Keokuk and supply the less deep
wells at Burlington. The limestones above the so-called Ma,quoketa are nondolomitic, but at Burlington the Silurian contains little dolomite.
Artesian water at Fort Madison is exceptionally destructive
to casings, so that the wells soon lose pressure and cease to flow
because of leakage. The lates~ well drilled, however, registered
30 pounds in 1908, indicating that the local field is still far
from depletion. Assuming that the water bed supplying the
wells is the Galena, there remain untouched the large stores of
wat~,r in the Saint Pet~r and 'underlying fo_rmations.
; "
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The S. Atlee well is 740 feet deep and 6 to 4%: inches in d~
ameter; 6-inch casing to rock at about 110 feet and 4% inch to
water bed near bottom. The curb is 553 feet above sea level.
The original head was 85 feet above curb and the present head
is stated to be the same. The temperature of the water is 64° p.
Date of completion, 1889. The water is so corrosive that the
casing lasts only a few years. Thus, in 1901, the well had
ceased to flow, but a pressure of 35 pounds was re-established
by recasing. It was recased again in 1904. The water supplies
a fountain at Mr. Atlee's r>esidence, a public fountain in the city
park, and a drinking fountain on one of the principal streets.
The S. and J. C. Atlee lumber mill well is on ground about
20 feet lower than the house well of Mr. S. Atlee and is 20
feet shallower. In other respects the wells are apparently
similar.
The Ivanhoe Park well is 670 feet deep and 6 inches in
diameter. The curb is approximately 563 feet above sea level
and the head more than 12 feet above the curb. The well was
completed in 1888 by Tweedy Brothers of Keokuk. In 1896 the
well had stopped flowing. It was then recased with 4-inch
pipe and the flow was restored. Still later it became clogged,
but on treatment discharged considerable black muddy sediment and flowed freely as before. In 1905 it was plugged up.
The Brown Paper Company well No. 1 is 689 feet deep and
6 inches in diameter; casing, 175 feet. The curb is 528 feet
above sea level. The original head was 20 feet above curb and
the head in 1895 was the same; head in 1905, at curb. The original flow was 600 gallons a minute, the water coming from
about 680 feet. Temperature, 62° F. Date of completion, 1888.
Drillers, G. W. Adams & Company. In 1894 a 4-inch casing,
inserted as the outer casing, had given way. Some time after
1905 the casing again gave way, the well caved in, and was
abandoned.
The Brown Paper Company well No.2, located 12 feet from
well No.1, has a depth of 689 feet and a diameter of 8 to· 6
inches; cased to bedrock. The head in 1905 was 20 feet above
curb. The water comes from depths of 100 and 679 feet. The
well was completed in 1903 by Haggerty & Skog of Keokuk.
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The Brown Paper Company well No.3 has a depth of 681
feet, and a diameter of 8 inches to 153 feet, 7 inches to 165 feet,
and 5 inches to bottom. The curb is 528 feet above sea level.
The head is 'variously reported at 20 and at 80 feet above curb
and flow variously reported at 200 and 600 gallons per minute.
The wat!lr is from a depth of 607 feet; temperature, 65° F. The
well was completed in 1907 by Haggerty & Skog of Keokuk. :
To obviate the difficulty experienced in well No.1 from the
rusting of the casing and the caving of the alluvial sands
through which the well passes, a method of casing hitherto unused in Iowa was employed. The well was cased with an 8-inch
casing to bedrock at 153 feet. A 5-inch pipe was then inserted
to the base of the 7-inch hole, 165 feet from the top, and there
packed with rubber spring packing. To hold the inner pipe,
central stud bolts, extending out so they barely slipped inside
the outer casing, were placed on the inner pipe at intervals of
30 feet. Cement, composed of one-half pure Portland and onehalf sharp sand, made thin enough to flow through an inch pipe
was then poured into the space between the inner and outer casings, the pipe being gradually withdrawn as the filling pro~
gressed. To the depth, then, of 153 feet the well is lined with
a shell of Portland cement 1112 inches thick, held between two
iron casings.
DriHer's 10g 0/ Brown Paper 'Company wen No.9, Fort Madison.

I

J ThIckness. Depth .
Sand ______________________________________________ _
, Olay, blue ______________________________________________________ _
Sand and coarse graveL. __________________________________________ _
Flint rock, white ___________________________________________ _
LImestone, gray __________________________________________ _
LImestone,
______________________________________ _
Flint, blue brown
-----------------------------------------------------Sand rock __________________________________________ _
Shale, black ___________________________________________________ _
ReddIsh roCk, very hard _________________________________ _
Flint, blue ____________________________________________ _
Shale, blue _______________________________ _____________ _
Sand rock, water bearlng ________________________________________ _____ _

Feet

Feet
28
89
81

28

62

148

20
40

163

12

'7

216
862

,8

868

88

'54

185

10
8

'1,

208

689
69~

6(r.

6e"

The Atchison, 'T opeka & Santa Fe Railway hospital well
had a depth of 764 feet, but was deepened in 1903 to 865 feet.
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Diameter, 6 to 4 inches; 6-inch casing to 184 feet; 200 feet of 4inch casing. The curb is approximately 553 feet above sea
level. The head in 1905 was 6 feet above curb; head in 1908, a
few inches above curb. The well was completed in 1892. by
Tweedy Brothers of Keokuk. The pressure was originally sufficient to, carry the water to the third floor of the hosJ)ital. In
1902 there was a sudden loss of head, and the deepening and
recasing of the well in 1903 made but slight improvement. The
well discharges through a fountain into an artificial lake on the
grounds of the hospital.
Drillers' log of railway h03pital well at Fort Madison.

IThickness. IDepth.
Sand ______________________________________________________________________________ _
Olay, hlack _______________________________________________________________________ _
Sand ___________________________________________ __ __________ -_____ __ -___ -- -----___ --Limestone _______________________________________________________________________ _
Sb ale _____________________________________ ________________ --_______________________ _
Limestone __ ______________ __________________ _________ -_____ -___ -- -- __ -- -------- ----Sb a 1e ____________ : ___________________________ -- ____ -- - -- -- -- - -- -- -- ---- -- -- -- -----Limestone, white ______________________________________________________ ------------Shale ______________________________________________________ -----------------------Limestone ______________________________________________________ ------------------Sandstone (Saint Peter) ________________________________________________ ----------~

~

Feet

Feet

50

50
62
65

112
177

7
5

189

39

228

266
167
8

184

494

28

661
669
692

64

756

The Atchison, Topeka & Santa Fe Railway shops well is
700 feet deep and 81,4 to 61,4 inches in diameter; 8% -inch casing to rock at 80 feet; 150 feet of 61,4-inch casing. The curb is
522 feet above sea level and t1;te original head and head in
1908, 69 feet above curb. The flow is 300 gallons per minute,
water coming from about 650 feet. The well was completed in
1906 at a ' cost of $1,500 by Haggerty & Skog. The water flows
into a tank over the well, the top of the pipe being 38 feet above
the ground; thence it is piped to the various buildings and the
yard of the Santa Fe shops.
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Recont of strata in raiZway shops well at Fort Madison.

'ThiCkness., Depth.

Pleistocene In old channel of Mississippi river (148 feet thick; top, 622 feet above
sea
level):
Olay,
brown, sandy ____________________________,_______________________________ _
Sand, gray, coarse, and gravel ____________________________________________ _
Till, drab, predominantly clayey____________________________________________ _

~:~g. a~O!~~ve?'e~~r iraveL:::::::::::::::::::::::::::::::::::::::::::::

Carboniferous (Mississippian):
Osage stage (62 feet thIck, top, 374 feet above sea level)Sandstone, blue, argillaceous: minute, angular, quartzose particles ___ _
Limestone, white, soft, nonmagneslan; some Chips of blue shale______ _
Limestone, drab, nonmagnesian; in fine sand__________ ________________ _
Limestone, light gray, fosslllferous, with blue, laminated shale _______ _
KInderhook
stagecalcareous,
(268 feet thick;
312 feet above sea level)Shale, blue,
plastlctop,
__________________________________________
_
Devonian and Silurian (142 feet thick; top, 44 feet above sea level):
Limestone, drab, earthy; rapid effervescence, at __________________________ _
Limestone, soft, blue-gray, nonmagnesian, argillaceous; 3 samples ________ _
Limestone,
blue _________________________
and yellow-gray, soft, earthy
luster; rapid
effervescence;_
_________________
__________________
in thin flakes
Limestone, light brown-gray, soft, compact, fine-grained , in minute chips
Limestone, light yellow-gray, compact; fracture subconcholdal; lithographic; effervescence rapid; In flaky chlps __ ______________________________ ___
Ordovician:
Maquoketa shale (18 feet thick; top, 98 feet below sea level)Shale, blue, 80mewhat calcareou8 ________________________________________ _
Galena dolomite (62 feet penetrated; top, 116 feet below sea level)Dolomite, light buff in fine sand; 2 samples ______________________________ _

Feet

Feet
18

6
42
36

46

18 ,

24
66
102
148

8
14
80
10

156
170

268

478

6
70

484
554

26
20

600

20

620

18

638

62

700

200
210

580

The State Penitentiary (439 inmates) is supplied from a
well 100 feet deep and 4 inches in diameter. One hundred
thousand gallons are used daily for all purposes. The maximum supply which can be drawn is 400,000 gallons in 24 hours.
The water does not corrode the boilers, but gives some trouble
where hot and cold water come together in pipes.
The well was drilled in 1905 and is cased with 4-inch wroughtiron pipe to the water bed, quicksand at 98 feet. Water rises
within 18 feet of the surface, which is 21 feet above th~ level of
Mississippi river. The temperature of the water in August
is 54° F. Water is lowered on continuous pumping to 21 feet
below the surface.

Keokuk.-Keokuk (population, 14,008) is supplied with water
drawn from Mississippi river and filtered, the system being
owned by the Keokuk Waterworks Company. The daily consumption is 900,000 gallons. The distribution is direct; the fire
pressure is 140 pounds, and the domestic pressure 60 pounds.
There are 28 miles of mains, 142 fire hydrants, and 1,700 taps.
The well of the Kertz Brewery is 700 fept deep. Its curb is
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600 feet above sea level. Temperature, 65° F. This was the
~.rst artesian well drilled in Keokuk and it is still flowing, but
l1.as not beEm used for about 25 years.
The J. C. Hubinger & Company weli No.1 is 2,230 feet deep
and 10 inches in diameter.'The curb is 637 feet 'above sea leveT.
The original head was 30 fe~t above curb; the present he'a d 'is
unknown. The original 'discharge was .300 '.gallons 'a 'minute.
...
. '
T,e mperature, 65'" F.
; The J. C. Hubinger & Company wells Nos. 2,3 and:4 are 2,000
feet deep and 12 to 10 inches in diameter. The curb is 637 f~et
above sea level. The original head w;:ts 30 feet above curb;
present head, · about at curb. The original discharge of tb e
three wells combined is 1,700 gallons a minute.. .
: These wells are situated on a bluff overlooking Mississippi
river and discharge into an artificial lake. which covers the top
of at least two of the wells. From this lake the water was originally carried in a chute d o.wn the face of the bluff about 130
feet and was utilized in running two dynamos for furnishing
electric light to the city. In 1894 the discharge of the four
wells had fallen from the original amount of 2,000 gallons to
1,500 gallons a minute and in 1894 to 900 gallons. At an unknown date, but' earlier than 1905, well No. 1 had ceased to
flow and had been closed. The other three wells still supplied
the artificial lake in 1905, the surface of the water being practically on a level with the top of the casing of one of the wells.
In 1908 it was reported that the water level of the lake was
gradually falling. The head of water necessary to supply the
lake is somewhat more than 140 feet above high-water level of
Mississippi river at Keokok, so that wells of this depth drilled
on low ground' would still develop enormous pressure.

I
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Record of strata in Hubinger well (PZ. XII, p. 618).'

a Gordon, O. H.: Am. Geologlst,vol. 4, 1889,p. 238: assignment of strata to formatloDi
by author.

I

ThICkneBs· l Depth.

Pleistocene
(28 feet________________________________________________
thick: top, 637 feet above sea leve!):
Bluff (loess)
_
Bowlder clay ______________________________________ •• _____ _
Oarbonlferous (Mississippian):
Saint I,ouis limestone and Osage stage (262 feet thick; top, 009 feet above
sea level)Sandstone
____________________________________________________________
Limestone --------~--------- -- ---- ---- --------- ----------------_
Limestone ____________________________________________________________ _
Shale _______________________________________________________ _
Shale
_____________________________________________________
______________
Limestone
-----------------------------------------------------Limestone __________________ .:.. _____________________________________ _
Kinderhook
stage (270________________________________________________________
feet thick; top, 847 feet above sea level)Shale, calcareous
_
Limestone ______________________________________________________________ _
Shale ___________________________________________________________ _
and Silurian
(177 feet thick; top, 77 feet above sea level):
Devonian
LImestone
______________________________________________________________________
_
Sands tone ________________________ _____________________________________ _
Limestone, sandy________________________________________________ _
Sandstone _______________ :_. ______________________________________________ _
Ordovician:
Maquoketa
shale (63 feet thIck; top , 100 feet below sea level)Shale _____________________________________________________________________
_
Galena and Platteville limestones (140 feet thick; top, 163 feet below sea
level)Limestone; sandy below_________________________________________ _
SaInt
Peter sandstone
(110 feet thick: top, 80s feet below sea level)- _
Sandstone
_______________________________________________________
Prairie du Chicn stage and underlying Cambrian? (775 feet penetrated; top,
413 fect below sea level)Limestone, alternating with sandstone _________ ___________ __________ _

Feet

Feet
25

25

8

28

5

S!
88
50

5

12
58
62
10
110

108
170
180

6~

855

10
195
65

290

865
560

87

20
55

625
645
700
787

63

800

140

940

110

1,050

755

1.805

The Hubinget Tile Works well is 800 feet deep and 6 inches
in diameter. The curb is 620 feet above sea level and the original head 47 feet above curb. Temperature, 50· F.
The Rand Park well is 1,800 feet deep and 5 inches in diameter. The curb is 637 feet above sea level. 'T he temperature of
the water is 60· F. This well seems to have been drilled earlier
than the Hubinger wells and on their completion it nearly ceased
to flow. It is now pumped by a Rider-Ericsson engine.
The Keokuk Pickle Company well is 710 feet deep and 4 inches
in diameter; casing to 611 feet, packed with rubber. The oriii-nal ~nd present heads are 35 feet above curb, and the original
discharge was 250 gallons a minute. Water comes from 530 feet,
flowing from 635 feet: Temperature, 64· F. Date of completion, 1892.
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The Keokuk Poultry Company well is 700 feet deep and 6.
inches in diameter; casing 60 feet, with rubber packing at base;
-repaired in 1900, replacing casing which had rusted out. The
<curb IS '541 feet above ' sea level; the original 'h ead was 4 feet
above curb; the present head is reported to be 40 feet. The original flo,w was 250 gallons a minute; present flow, 1,000 gallons r Date of completion, 1895. .Drillers, Tweedy Brothers,
Montrose.
~
R ecord of strata in Keokuk Poultry Company's well. a
a Record made by Mr. George W. Orofts, Keokuk.
1 ThIckness. 1Depth .

Feet

Feet
Drift, promiscuous materiaL ____________________________________________________ .
LImestone, magnesian _______ ____________________ _______________ . _________________ .
Dolomlte
limestone) ____
In which
li1)1e carbonate predominates _____ __ _
Dolomite, (magnesian
cherty _______________
_____________________________________________
_
Dolomite, In which magnesIum carbonate predominates ________________________ _
LImestone,
slightlyhIghly
siliceous
-----------------------------------------------------.
LImestone, rather
siJiceous
________________________________________________ _
LImestone, light colored; rather pure; slightly siliceous ___________ _____________
LImestone, gray; rather hlgbly slIiceous __________________________________________ _
Limestone, gray; slightly mixed with shale _______________ _____________________ _
Dolomite; large amount of chert _________________________________________________ _
Ohert, mostly, and fossil limestone ___ _____________ _____._______________________ _
LImestone and white sand (siliceous limestonel- ____ ___________________________ _
LImestone with chert; slightly siliceous _____________________ ____ _______________ _
Shale, .almost pure_______________ . ____________________________ __________ .. __________ _
Shale, blue; hIghly slJiceous _____ _________________ ________________________________ _
Shale, almost pure___ ____ ________________________ ______ ___________________________ _
Limestone, gray, quIte pure_______________________________________________________ _
DolomIte, In which magnesIum carbonate greatly predominates _____________ _
Limestone, light colored, almost pure____________________________________________ _
Shale, hlue, would weather into a tenacious clay_________ __ _______ _______________ _
Shale, bituminous _________________________________________________________________ _
Shale, gray; would weather Into a tenacious clay _____ ______ .___________________ _
LImestone, light colored; almost pure; two samples ___________________________ _
Limestone, gray; almost pure___________________________________________ _____ ____ _
Limestone, silIceous _________________________________ ________________________ ____ _
SBndRtone. gray. calcareons: yields traces of iron ____________________________ _

5
2
5
5
18
15
18

30
23
14
11
19
17
5
10
6
5
17
46
19
73

39
94
25
60
47
73

5
7
12
17
35
50
68
98
121
135
146
165
182
187

197
208

208
225
271

290

863
402

496
521
581
628
701

The Young Men's Christian Association well has a depth of
769 feet and a diameter at top of 6 inches; casing to 56 feet.
The curb is 580 feet above sea level and the head 50 feet above
curb. The original discharge was 350 gallons a minute; discharge in 1905, 60 gallons a minu~e. The principal water bed
is at 700 feet. Temperature, 64° F. The well was completed in
1902 at a cost of $1,600, by D. W. Haggerty of Keokuk. The
water is used for drinking and to supply a swimming pool.

..
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Drmerr's log of Young Men's Ohristian Association wen at Keokuk.

j Thickness. IDepth.
Feet

' Clay ________________________________________________________________________________ _
Soli, light _________ _______ ______________________________________________________ _
Soapstone, blue __________________________________________________________________ _
Limestone, gray _______________________________________________________________ _
Limestone, black ______________________________________________________ .:___________ _
Limestone, white _________________________________________________________________ _
Flint; solid bed ___________________________________________________________________ _
Flint and blue lime_______ __________________________________________________________ _
Lime, white, and flint _____________________________________________________________ _
Lime, gray, and tIInt. __________________________________________________________ _
Lime, blue ______________________________________________________________________ _
Lime, black ________________________,c_____________________________________________ _
Shale, blue _______________________________________________________________________ _
Sand, black ____________________________________________________________________ _
Lime, white _______________________________________ _____________________ ___________ _
Sand, gray, and flint. ____________________________________________________________ _
Shale, blue ________________________________________________________________________ _
Shale, black _______________________________________________________________________ _
Sbale, wbite or light brown _____________________________________________________ _
Limestone, black ________________________________________________________________ _
Limestone, gray _________________________________________________________________ _
S and rock wi th water___ __ ______________________ __________________________________ _
Saint Peter ______________________________________________________________ ____ ______ _

I

Feet

15
15

15

16

76
82

20
10
/I
8

26
46
38

15

5
4
8
2B
42
12
90

30
50
60
90

116
162
200
215
220
224

232
260
302

314

404

125
16
100
30

'529
545
645
675

94

769

Record of strata in Young Men"s Ohristian Association wen at Keokuk.

I

'l'hiCkness.J Depth.

Clay, somewhat sandy, yellow, noncalcareous __________________________________ _
Sand, yellow, clayey____________________________________________________________ _
, Shale,
light ________________________________________________________________________
blue, calcareous, some broken pieces ot milky quartz In concreted_
powder
Shale,
blue;
in fragments; flint, white, in angular chips.; limestone, very soft,_
white
___________________________________________________________________________
Limestone, white, soft, crystalline, In large flaky chips; cuttings of shale __
Limestone, as above; 2 samples; encrinitaL ______________________________________ _
Chert; sand of light yellow IImestone ___________________________________________ _
Limestone,
light blue·gray
yellow; moderately
slow effervescence; soft, earthy, in large_
chips; much
filnt. __________________________________________________
Limestone, soft, nonmagnesian, white and drab mottled; earthy to crystalline;
encrinital; some flint _________________________________________________________ _
Chert, white; some crystalline quartz ___________________________________________ _
Chert, white; ligbt yellow IImestone____________________________________________ _
Chert, bluish white; sand of light colored nonmagneslan IImestone _____________ _
Limestone, wblte, encrinital, cherty; S samples ______________________________ _
granular,
soft; composed of minute loosely ceo_
Limestone,
white, crystals;
minutely some
mented calcite
cbert ___________________________________________
Limestone, white, encrlnital; much chert______________________ ________________ _
• Chert, blue, white; some white limestone ______ ___________________________________ _
Chert, white, and siliceous limestone; 2 samples ______________________________ _
Limestone, soft, white; earthy to crystalline______--___________________________ _
Limestone, drab, nonmagnesian, sott; encrinitaL ______________________________ _
Shale, calcareous, blue, plastlc________________________________________________ _
fossiliferous,
sligbtly calcareous; composed 01_
Sandstone,
blue-drab_
microscopic
angulareartby,
quartzose
partlcles _____________________________________
Limestone, white, soft, nonmagnesian, earthy; residue siliceous; some darker
limestone and sbale __________________________________________________________ _
Sandstone, draH, argiIIaceous, calcareous, soft; in flaky cblps, cbiefly composed of microscopic angular particles of quartz __________________________ _
Shale, blue-gray, bard, siliceous, calcareous; In chlps ___ ______________________ _
Shale, brown, somewhat calcareous, bltuminous ________________________________ _
Shale, blue-gray, plastic, calcareous ____________________________________________ _
Limestone and shale; small chips and sand of nonmagnesian limestones, some
crystaIIine ajld yellow or drab, some dark and argillaceous, many fragments of blue-gray and olive-gray shale in large flaky chips; pyritiferous,
fOSSiliferous; ' driller's log: "404-529, white or light brown sbale" ________ _
nonmagnesian, comJlact, flne·grained; in tbin small
Limestone,
cuttings IIghtlblue.gray,
___
Dolomite, brown, hard, crystalline; in coarse sand but containing no quartz
graIns; "sand rock" of driller's log; 2 samples____________________________ _

+_________________________________________________________________ _

Feet

15

Feet
15

5

20

10

30

20
10
16

76

50
60

4

BO

8

88

12
16
6
10
18

100
116
122
132
150

12

' 162
176
182
205
215
220
224

14

6

23
10
5
4

8

232

36

268

84

S02

12
76
30

314

390

420

112

532

108

340

60

700
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~h~ S. C. Carter Company's well has a depth of 661 feet and
a diameter of 6 inches; casing for 12 feet. Rock at 16 feet. The
flow is 5 gallons a minute, and the pumping capacity 30 gallons
a minute. , Water was found at 130 feet, but the main horizon
was in the basal sand rock. Temperature, 61 F. The water
is unfit for use in boiler. Date of completion, 1903. Driller,
D. W. Haggerty of Keokuk.
0

Driller's log of S. C. Carter Co.'s well at K eo kuk .

I

ThiCkness. ' Depth .
Feet

Feet

Olay and soll_______________________________________________________________________ _
Shell rock ___________________________________________________ ____________________ __ _
Limestone, blue __________________________________________________________________ _
Limestone, brown ______________________________________________ ____ ___ _______ __ _
Limestone, white ________________________________________________________________ _
Lime, blue, and fllnt ___________________________________________________________ _
Lime, white, and tI1nt __________________________________________________________ _
Lime, gray, and fllnt ____________________________________________________________ _
Lime, blue _________________________________________________________________________ _
Sand rock, dark, yielding 5 gallons of water a mlnute __________________________ _
Shale, blue ________________________________________________________________________ _
Sand rock, dark _________________________________________________________________ _
Lime, white _______________________________________________________________________ _
Shale, blue and black___________________________________________________________ ___
Shale, white ___________________________ ___________________________________ • _______ _
Lime, black _________________________________________________________ _____________ _
Lime, gray or light _____________________________________________________________ _
Sand rock _________________________________________________________________________ _

16

6

20
10

~

8
26

46
38
20
5
4

8
42
117
135
85
112
13

16
22
42

52
60
86
132
170

190
195

199
207
249
366
501
536

648
66J

The log of the Popel-Miller Brewing Company's well, three
miles sout,h of Keokuk, is given to assist in the elucidation
of the diffibult geologic section in southeastern Iowa. The information was secured by J. A. Udden. The curb is about 523
feet above sea ]p,vel.
Log of Popel-Miller Company's well, Warsaw, Illinoits.

I

Thickness ·i VilJth :

Soil and clay drift ___________________________________________________ ____________ _
_____________ __ _______ ______ . _____ ____________________ _
Limestone, blue, and
Lime rOCk, bluc _________________________________ ___ ______________________________ _
Lime and grlt__________________________________________________________ ____ ________ _
Grit and fire clay_______________________________________________________________ _
Limestone, gray _________________________________________________________________ _
Soapstone, blue ___________________________________________________________________ _
Sandstone __________________________________________________________________________ _
Lltbograph rock, llght____________________________________________________ _________ _
Lithograph rock, dark ____________________________________________________________ _
Limestone, bastard ______________________________________________________________ _
Soapstone _________________________________________________________________________ _
Shale, brown ___ ___________________________________________________________________ _
Shale _____________ __________________________________________________ • _________ _
Limestone ___________________________________________________________ ______________ _
Sandstone _____ _____________________________________________________________________ _
shale~

~

Fe~t

Feet
40
JI;

40
55

25

105
130

10
45

1!!5

50

30
19

46 '
10

6

140
215
234
2BO

290
296

69

365

182

504
630
81Z

1: I

400

UNDERGROUND WATERS OF THE SOUTHE)\.STERN DISTRICT

687

Montrose.-At Montrose (population, 708) water is obtained
from driven wells ranging in depth from 20 to 50 feet. At
Bluff Park is a well 1,960 feet deep: The curb of the well is
680 . feet ab.ove sea level and the water originally rose 9 feet
above the curb; in 1896, the water stood 10 feet below the curb.
~he original discharge was 200 gallons a minute, the water coming from a depth of 800 feet.
, Mooar.-At Mooar (population, 250) the E. I. du Pont de
l'{emours Powder Company well is 800 feet deep and 6 inches
in diameter; casing to 600 feet. Water from 110 feet, heads 3
feet below curb; from 240 feet, 5 feet below curb; and from 800
feet, overflows. The discharg·e, original and present, is 165 gallons a minute; temperature, 67" F. Date of completion, 1901.
The well is about five miles northwest of Keokuk and no doubt
draws its copious supply from the same bed that yields so generously to the Keokuk wells of the same depth. It is said to
deliver a good stream of water, which is ·used for watering
stock on the farms through which it passes for four miles to
Des Moines river.

Mount Clara.-The W. J. R. Beck well at Mount Olara is 939
feet deep and 6 inches in diameter. The curb is 679 feet above
sea level. The original head was above curb; the present head
is 12 feet below curb. Original discharge was 200 gallons a minnte, capacity being limited to that of the pumps. The main
water bed extends from 889 to 939 feet, the water being sufficient
for farm purposes by pumping; other beds are from 250 to 343
feet, 660 to 793 feet, and at deeper levels. The well was com pleted in 1890.
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Record of strata in w ell at Mount Clara (PI. XII, p. 618).
(Based on drillers' log.)

I

I

Thickness. Depth .
Feet

Feet

Pleistocene
(305 feet thick; toP. 679 feet above sea level):
Clay ___________________________________________________________________________
_
Sand _____________ ________________________ ______________________________________ _
Oarboniferous (Mississippian):
Osage
stage (SSwhite
feet thick;
top, 374 feet above sea level)Limestone,
__________________________________________________________
_
Shale, white _____________________________________________________________ ___
Limestone ______________________________________________________ ---------___ _
Kinderhook stage (325 feet .tbick; top 336 feet above sea level)- _____________ _
Devonian . Silurian , Ordovician (?):
Limestone _______________________________ -___ -- __ ---- --- --- --- -- --- -- - -- -- ---- --Do. _______________________ ------ ---- -- -- -------- -- ------ -----.--- --- --- --- --Limestone, lIinty ______________________________________________________ ----- ---Limestone ______________________________________________________ ----------------Limestone, hard ______________________________________________________---------Samples washed away ______________________________________________________ ---

250
55

250
805

25

SSO

8

8SS
343

5
325

001

115
10
25

783
793

40

858

5

863
939

76

818

Minor s,u pplies.-Information concerning water supplies in
the smaller towns and villages in Lee county is presented in the
following table:
Village supplies in Lee County,

I

Deptb of wells

Head below
curb

Nature of supply
o

Eo<

Belfast ________
Oharleston __ __
Oottonwood __
Oro ton _________
La Orew _______
Overton _______
Primrose ______
Sawyer ________
Summitvime ___
Warren ________
West Point ____

Dug and drilled wells _________ _
Wells and cisterns ___________ _
Wells ___________________________ _
Wells and springs _______ ______ _
Bored or drilled wells _________ _
Open wells _____________________ _
Open and bored wells _________ _
Bored and drilled wells _______ _
Open wells _____________________ _
Wells ____ ______________________ _
Bored and drilled wells _______ _

Feet
16
20

Feet
275
200

25

225

14
15
18

5(J(I

20
14
20

18
20

20

300

50

£00

60
400
350

Feet
Feet
30 _____
. ____ I Feet6

Feet45

20 _______________ _
========
12 ========== -----~~- ========
95
20
100

30
18
50

70--100 _________ _
90 _________ _

6-20
16

13
4-20
6
12
12

8Q-90
20
20
50
20
60
20
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WELL DATA

The following table gives data of typical wells

III

Lee county:

Typical wells in Lee County.
-'"

Owner

Location

8" ·
.£
.0

.0

iO.

'"

iO.

~

~

F~.et

T. 65 N., R. 5 W.

'"

I

'0
0'"

-'"
:9~
~

"'".
"'"

~~

:::

'0
",1>0

8'Q.
::>'"
0"

00'"

Feet Feet 1

0

0;

Remarks:
(Logs given in feet)

'"","'~,,
'0.0

p:<"

Feet

I
I

(Jackson).

L. E. McCrary ___ NE.! sec. 15____ _
- - Applebaum NW.1I sec. 10____ _
SE.I! NE.i, sec. 33

110 _____________________ ___ ------

SE.i SE.~ sec. Zl
Henry Rein _____ . SW. 11 NE. ~ sec.

265
265

23 .

SE.I! NE.i sec. 16
HellIY Reters . ___ NW. 11 SE. i sec.
28.

- - Hinman ___ NW.

~

SW.1I sec.

27.

NE.; SE.i sec. 19
SW. i NW.1I sec.
20.
SW. i, NW.1I sec.
27.

NE.1! NE.i sec. 29
Hollings· Sandusky _______ _
worth.
- - Merritt ____ West Keokuk __ _
Keokuk
Cooper· Soap Orcek, Keo·
age Co.
kuk.

Pechstein
Nagel.

ii~ ---iii- :::::: :::::::::::: :::::: Des
165 __________________ ------

254

115 __________________ ------

154 ____________ Sand ______ -----130 ________________ do _________ _
244

126 ________________________ Hill.

175 ____________ Sand ____________ Valley.
160
54

420

and Keokuk

215
114

Medicine ____ do

Moines river bottoms.

136 ____________ Sand __ ____ ----__ Sand from 100 to 136.
250
100 __________________ ------

L. Nelson ____________ do

Baker
Co.

98 _______________ __. ------

300

36 ________ ___ ____________ _
53 ______ Sandstone_

10

about 150 feet
above Des Moines
river.
250 Orevices ID. _____ Diameter, 5a inches;
limestone.
soil, 10; limestone,
180; white hard rock
(cuts drill, could drlll
but 3 feet in . 10
hours),
34;
lime·
stone;
sandstone,
shale (Kinderhook),
from 380 to 420.
200 Sandstone __ __ __ _
95

20

14 Bluff,

do _________ _

260 ____________

60

Oapacity, 8 gallons per
hour (?) ; diameter,
6 inches; soli, 20;
brown
limestone;
white limestone and
shale; white lime·
stone (at bottom),
20.

H. :S:. 'l'rimble____ 1 mile northwest
of city limits,
Keokuk.
James Jones ____ 3 miles northwest
of Keokuk.
H. H. Trimble __ 3 miles north of
Keokuk.
Joseph Bloundies 5 miles northwest
of Keokuk.
County Farm ___ ~ mile southeast
of Summitville.

44

118

100 _______________________ _

140
.272

90

45 Gravel ____ _
50 ___________ _

200 _________ ___ Gravel ana
sand.
300 ___ ____ _____ Sand and
gravel.

45 Blue clay; sand; coarse
gravel.

50 OIay; sand; limestone; .

flint; sandstone.
80 Clay ; sand and gravel.

100 Diameter, 6 incbes; ca·
pacity, 20 gallons per

minute; yellow clay;
blue clay; sand and
gravel.
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Typical wells in Lee County-Continued
~

..

0

Location

Owner

.s

.0

Q.

~
Po

A

A

'"

Oounty Farm ____

~

mile se. of Summitvllle.

'"

'0

.'"

0.0
~

.0
'"
~~

Po"

~~

Feet
Feet Feet
212 1_____

'0", ,,,

.. Po
"'"Po
0 "

rn '"

~
0
Q)
.0
'0 .0

Remarks:
(Logs given in feet)

I p::: t>.
",,,
"

I

Feet
GraveL ____ • _____ Yellow and blue clay
to 125; dry reddish
sand, 125-212; gray
sand; gravel; water
soft.

r.OON., R. 6 W.
(Part ot Des
Moines).

--

Lowry .....

_- SE . i
22.

NW. 1 sec.

----- .Sand and clay, 29; al

100

ternate strips of sand
and blue till , 40; sand
at 140; ended in
sand .

T . 66 N., R.5 W .
(Mont rose) .
Tweedy Brothers_ Sec. 22 ---------William Fowler

-- NW.i SE.i sec. 6
NW.i SE. i sec.
17.
NE. i SW.i sec.
20.
NW.i SW . i sec.
15.

Thomas ,royca --- l2 miles north of
Keokuk.

215 LImestone_ ..... ---- Water comes In grad
ually In 20 feet 0
limestone at botto m
ot well .
Sand ______ ------ Foot of bluff .
112 ------ ------ ____
do ___ _ ----- - Upland .
145 ------ -----235

50

265

200 ------ --- ---------

240

120 ------ ----- -- -----

272

and
------ ---- Sand
gravel.

..----- Oreek bottom.
50 feet abov
------ About
Mississippi river.
172 Blue clay;
gravel.

sand an d

T.67 K . , R. 4 W.
(Madison).
HigH School ---- Fort Madison

--

Canning factory _ - -- - do - -- -------

181

Stnto penitentiary - --- do ------- --- --------

-

HoifmR8ter __ Near penltentlary_
Fort Madison.

Mrs. H eitz __ ___ __ Fort Madison

152

---

315

John Oook ----__ 2 miles south of
Denmark.

418

T. 68 N., R.' W .
(Washington) .

T.69 N. , R.4 W .
(Denmark).
James Conaro

--- Denmark

-------.

132 Sand anil _____ _ Loom and sand , 24;
gravel.
blue till , 108; sand
and gravel. 2.
95
77 - - ------- ... -- ----- ... DIameter, 4 inches'
sand , 20; blue clay,
57; quicksand wit b
water , 4; blue clay,
14; rock to bottom.
------ --- - ... - ------------ - ... ---- Till, lO ; sand, gravel,
anil blue till. 66; sand
and gravel, 25.
141 ..... _-- --_ ..... _----- ------ Soil and sand. 12; hlua
tlll.123; gravel anil
sand . 6; JJrnestone at
bottom, 11.
------ ------ Gravel_____ ------ Yellow drift , 27; blue
till, continuous with
tho exceotion of one
thin sand bed . 260
teet: gravel, 28; on
bluff .

134 ------

100 ------

------ - ----

------ Drift, 100; )Imestone,

155; alternate lime
stone and shale, 10;
shale (KInderhook).
153.

49 ------ ------ ------------ .----- Loess, 9; brown tlll,10:
old BolI,5; yellow till,
25.
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Typical wells in Lee Oounty-Continued

""8
<l

Owner

Loc ation

.c

B

.c

''"" ''""

~

William Sloat __ __

---- do

----------

Feet

~

55

S. Van TuyL ___ Sec. 30 - ----.- ---

59

55

Dr . Randall ______ Soutb Augusta __

438

80

3 miles east, 1
mile south of
Denmark .

230

94

G. Adimeicr ____ __ 3 miles north of
Denmark.

82

14

D. Klophenstein - 3 miles northwest
of Denmark.
T.68 N., R.5 W.
(West Point).
Point ______
Axhandle tactory_ West

265

60

375

115

Ed. Marsh

---. - .-

~'"
c."
"'~

~

"'",c.

... c.
0'"

en '"

Feet Feet

55

--- -

~ '"

.c~

'0", ,,,

56 ------ ------ Sand __ ____

do ----------

Mill - ----------- .-

'"'"

.c

0 ...

~
0

0;

.c

"' .0

"'
"' '"' ' •
~

Remarks :
(Logs given infeet)

...

Feet

------ Loess, 6; yellow till

(IIIinoi an), 20; gray
mucky clay, 15; yellow till (Kansan)_
soft; dark blue t!ll
witn beds of santI,
bearing water, 5.
- ----- GraveL ___ _ ------ Loam, 2; yellow clay,
88; dark blue hard
till, 14; gravel, 1, to
limestone.
Loess,
7; lllinoian till ,
------ --- --------- -----.
28; mucky soil with
wood, 2' yellow and
blue till (Kansan),
18; limestone, 4 .
60 Drift, 80; limestone
90 -----------and flint, 85 ' sbale,
(Kinderhook), 273.
124 Sandstone_ ------ Drift, 94;
limestone,
30;
sandstone,
9;
limestone, 84' shale,
13; well a failure.
river bottom
---.-- Limestonc_ --- --- Skunk
near high·wa ter level;
dry sand and gravel,
14; limestone, 68.
------ ____ do ____ -.---- Drift, 60; limestone,
205.

200 Limestone_
and
300

65 Yellow clay, 40; blue
till, 40; sand and
gravel,
20;
bard,
dark blue till, II!;
limestone, 260.

r.69N. , R.6W.
(Marion).
Henry SchindstaJk 2 miles east, ~
mile north of
Houghton.
Garrctt Sanders __ ~ mile east of
Houghton.
Saint Paul -----1 mile
J oh:l Cook _______ Saint east
Paul.

SO.

T.69 N., R. 5 "J.
(Pleasant Ridge).
An drew Foggy

S

of

105 - ----- ------ Sand ___ ___ ------ Yellow clay , 45; J;ght
blue clay, 45; sand,
H; dark blue till, 13~.
95 ------ ------ Sand ___ ___ --- -- . Yellow clay, 94; sand
bed with a bundant
165
94 ---.-. Limestonc_ --- -- . Yellow clay, 65; darkblue till, 29; limestone and flint, 71.
85
35 ------ ____ do ____ ----- .. Yellow
clay,
33i;
"hardpan" from cement, H; limestone,

--

Sec. 16 __________

3

Kennedy -- --- .

!

miles west, 1
milo north of
Denmark.

131

119 ------

---- -- --- . --

---- -- Loess, 6; old soil, 4;
yellow till, ~O: sand
afl'ording weak veIn
of water. C; blue till,
33; sand and peat
underlain
by
fine
gravelly sand, 50;
limestone, 12.

40 ------ .._..... _- Old soil ___ ----- - Yellow clay, 37; old
soil, wood and leaves ,
l~; llue hard till, 1~;
water in old soil, illsmelling, used only
by stock.
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Typical wells in Lee County- Concluded
.>I

......"
' 0

Owner

Location

:9

.£
:9

~

~

'"'"

T.69 N., R.7 W.

(Cedar).

Near Hillsboro___

'"'"

'0
0 '"

-'"

.a .,...
c. ~

~,.

~

a;

~-a

:>'"

'".. . .

Cll '"

P:l '"

", :»
0 0

---..

1~

100

82

70 Llmestone-

of

110

50

80

Henry Tempsay - 1! miles north of
Franklin .

120

40

98

Geo. Woolman. __ 5 miles southwest
of Cottonwood
Thaddeus Church_ 3 miles south of
Laurel.
1'. 68 N., R. 6 W.

(Franklin).

Ohas. Blocksuth _ 8 miles west of
West Point.
2 miles east

Locheen.

'0'"

Remarks :
(Logs given in feet)

",:>

265 Yellow clay, 45;

soft
light blue till, 27;
dark aard till, 82;
limestone, 154; sott
w hit e sandstone,
water bearing, 41:
limestone, 19.
water, 1.
____
do
___
,
______ Yellow clay, 40; light
52! ------ -----blue clay , 12; sand on
dark blue clay, H .
___ do ___ ______ Yellow
clay , 36; light
72 ----- - ... ---blue clay, 35~ ; sand
on hard dark blue
clay, ~.
102
60 Yield, 2 gallons per
100
90 ....._-------minute; rock, lime·
stone;
diameter 5
Inches .

818

Cottonwood ----

0

'0

200

--~--

____ do ____

---------

Yield, 2 gallons; water
lowered 20 feet when
pumped at that rate;
yellow clay, 82; limestone, 68.
SO Yield, 10 gallons per
minute; yellow clay ,
50; shale on fire clay,
20; limestone, 88.
60 Yield, 2 gallons per
minute; water lowered 12 feet when
pumped at that rate;
yellow clay 81 n d
sand, 40; limestone,
SO.

60
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LOUISA COUNTY
BY W. H. NORTON.

TOPOGRAPHY.

Louisa county includes on the east a continuous belt of lowland, the Mississippi flood plain, from one mile tOI five miles
wide. A second lowland, traversed by Iowa river and for a
short distance, by the Cedar, crosses the county diagonally from
its northWestern to its southeastern corner where it joins the
Mississippi bottoms. The second lowland is more than six miles
wide at Wapello and more than four miles wide at Columbus
Junction; it comprises the present flood plains of the rivers
and also a broad alluvial lowland, which stands 20 to 40 feet
above the river flood plains and is built of sand and gravel covered with a thin mantle of loess.
The flood plain of the Iowa has been cut in the once continuous upland of the. county and divides it into two areas, the
eastern upland and the western. 'T he surface of the former
consists entirely of loess-capped Illinoian drift; that of the latter consists of both lllinoian and Kansan drift, each veneered
wlith loess. The two drift sheets of the western upland are divided in part by a marked topographic feature-a flat-floored
valley one to three miles wide and forty feet deep, cut in Kansan drift from Columbus Junction to the, southwestern corner
of the county, and standing at an aver~ge height of 120 feet
above the higher terraces of the flood plain of Iowa river.
The gently undulating surface of the eastern upland is div,ersified by the shallow troughs of the minor streams and by a few
long, low swells whose major axes run northwest and southeast. A singularly straight and unbroken escarpment, as much
as 150 feet high, overlooks the Mississippi flood plain.
The western upland, about equal in height to the ·eastern, is
ridged by two parallel broad swells. which run north and south
near Cairo and are believed to be the terminal moraines of the
Illinoian ice sheet.
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GEOLOGY.

'The Pleistocene deposits of the county comprise the loessa yellow silt which covers the uplands and the higher parts of
the river plains-and beneath the loess, three massive sheets
of stony clay. The Kansan, a thiek, tongh, bl ue stony clay,
weathered deeply to y,ellow and relldisb, rests on a bed of sand
and gravel 2 to 10 feet thick, known as the Aftonian, which
separates it from the dense dark bluish stony clay of the underlying Nebraskan 9.rift. The uppermost stony clay-the Illinoian drift sheet-appears on the eastern upland, where it is
separated from the underlying Kansan drift by sands and old
soil beds of the Yarmouth interglacial stage. The upper surface
of. the Illinoian drift sheet may be either weathered to a reddish yelLow or, where ov,e rlain by the decaying vegetable matter of ancient soils, may be bleached to a whitish olay. Unlike
the drift sheets on which it rests, the loess)s soft and very
easily drilled, and is quite devoid of pebbles and larger stones.
In passing from the loess to the weathered stony clays the color
distinctly changes to a brighter yellow.
The Pleistocene deposits are underlain by rocks belonging
to the Mississipian series of the Carboniferous, except over
an area covering about 15 square miles in the· northeastern
corner of the county, where Devonian rocks may be expected
beneath the Isuperfioial deposits. (See PI. XIV, p. 660.)
'T he highest beds outcropping consist ,of a succession of limestones and cherts and alternating beds of shale and limestone
-the Osage stage-the thickness of the whole reaching 50 feet.
The limestones belong chiefly to the Burlington limestone and
form persistent beds recognized by the driller by their clean
white color. The lowest beds .o utcropping :t>elong to the Kinderhook stage and comprise (1) limestones 15 feet thick which
form a natural highway for ground water, (2) a lessl pervious,
soft, bluish, fine-grained sandstone 16 feet thick, and (3) a bluegreen basal shale or soapstone, practically impervious, the total
thickness befng as much as 180 feet.
In the southwestern part of the county weIfs have encountered sandstones belonging to small outliers of the Pennsylvanian series.
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UNDERGROUND W MER.
SOURCE AND DISTRIBUTION.

On the lowlands bordering the Mississippi river water ~s obtained from driven wells ending in heavy alluvial sands and
gravels. Sand points sunk 15 to 20 feet find abundant soft
water in what is called the first sand, and if bored or jetted to
about 50 feet, enter a second sand. So abundant is the water
drawn from these sands that at Wapello nve-inch driven wells
about 20 feet deep are used as fire hydrants.
Wells on the uplands draw water from several beds. The
eastern upland, south of Letts, is traversed by a number of low
east-west loess ridges with sandy nuclei that furnish water to
wells of very moderate depth which supply near-by farmsteads.
Locally, on ill-drain,ed areas on both uplands shallow Wells find
water in the basal layers of the loess, but as a rule these beds are
wholly unreliable and inadequate. Interglacial gravels underlying the lllinoian, the Kansan, and the Nebraskan drifts constitute the main aquifers of both uplands, the most important
being the Aftonian, which under:lies the Kansan drift. On the
eastern upland these interglacial gravels are the only source of
water supply for deep wells. Here rock lies far below the surface and no wells are known to have reached it. A wide, buried
valley underlies the eastern upland and both lowlands, the rock
bed of which does not rise higher in places than about 400 feet
above sea level. The deepest drift wells on this upland exceed
200 feet in depth and show a succession of as many as three tills
or stony clays parted by old soil beds and water-bearing sands
and gravels. At only one point on the eastern upland, at its
southern end, near Toolsborough, has r,ock been reported, and
this one was at a depth of about 212 feet below the surface or
443 feet above sea level.
On the western upland the same drift aquifers occur, but by
no means continuously. In the southern tier of townships and in
Marshall and Elm Grove and parts of Columbus townships the
drift is relatively thin, rock outcropping in many ravines and
being reached by the drill on the divides at 40 to 120 feet. Some
wells which "show much deeper drift are supposed to indicate
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ancien~ buried valleys, though none of these have been definitely
traced. It is suggested by Leverett that the lower course of
preglacial Washington river may probably cross the western
tier of townships north of Columbus Junction. On the bluffs
about Columbus Junction wells range in depth from 80 to 140
. feet and find water in glacial gravels without reaching rock.
Two or three miles west of town the drift is about 140 feet thick,
and in the extreme northwe,s t section of Columbus township
wells from 135 to 150 feet deep end in water-bearing sands.
In the southern townships many wells find water in the limestones loverlying the impervious floor of the shales of the Kinderhook ,stage. The limestones of the Osage stage are exceptionally pure and readily dissolved by seeping waters. Sinkholes on different outcrops, as north of Morning Sun, indicate
well-defined underground waterways a10ng joints and bedding
planes. The perfection of the underground drainage and its
confinement to definite channels renders the finding of such a
channel by the drill somewhat uncertain. Several wells not
finding water above the Kinderhook have gone deep into the
dry shale of that stage, reaching total depths of 300 and 400
feet. Where ,a well le nters the shale without finding }YJ!.ter it
would probably be less expensive in the end and give hetter results to abandon the drill hole and sink another W!ell at a convenient location near that of the first welL
Where the limestones are lacking owing to erosion, and the
shales form the bedrock, the case is far more difficult, and a
careful search is necessary for the best location for a drift well.
This may in some places be found where the converging of ravines brings an unusual amount of s'eepage.
The succession of strata and the probability of obtaining
water fr,om the deeper formations is indicated by the record of
a prospect hole for gas on the land of W. W. Wagner, one-half
mile west of Letts. (See PI. XIV, p. 660.) The depth of this hole
was 1,135 feet, and the elevation of its curb 698 feet above sea
leveL Water was noted at depths of 818 and 850 feet, heading
65 feet below curb; at a depth of 1,025 feet the water raised
the tools in the well, heading 42 feet below curb. The well
was completed in 1903.
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Record of strata in deelJ boring at Letts.
Depth In
feet
Quaternary (285 feet thick: top, 698 feet above sea level):
Old soil, brown, clayey, e mpyreumatic odor _____________________ _
00
S and, white, co a rse ; grains mostly qua rtz; a few of lime100
San"J°:ida~~a~~!~_~_:_~~_~~~~~~~~~~~~~~~~~~:~~::~:::~~~:~:~:~~:::::::::::
140
Sand and clay, drab; in powder and compact lumps ___________ _
175
Sand, buff; most grains less than 1 millimeter in diameter ___ _
206
Sand. ora nge , mod erately coarse; gravel pebbles of chert,
greenish quartzite, brownish quartzite, and shale ___ ______ _
247
Gravel ; pebbles large, of brownish limestone, gre enish
quartzite, and a black siliceous rock __________________________ _
250
Sand and coarse graveL ______________________________________________ _
280
Carboniferous (Mississippian):
Kinderhook stage (41 feet thick; top, 413 feet above sea
level)Shale, brown. rather hard, laminated, slightly calcareous, somewhat bituminous ; in flaky chips __________ 285-200
Shale, blue, calcareous_________________________________________
S06
Shale, as above; drlllings mostly of coarse yellow
sand; small pebbles of Archean rocks _________ sal-slO
Sand, quartz, bright buff; finer than above_______________
812
Shale, blue, calcareous, siliceous__________________________
S15
Sand, coarse, buff; with chips of compact, hard, dark
reddish
brown
limestone
of
slow
effervescence,
apparently pre-Cambrian _____________________________________
818
Shale,
green,
rather hard; in chips__________ 820-825
819
Same as
at 318calcareous,
feeL _____________________________________________
Devonian (137 feet thick; top, 372 feet above sea level):
Limestone,
porous; effervescence moderate; nests 826-832
of calci teblue-gray,
______________________________________________________________
Limestone,
mottled
gray,
crystalline.
earthy, rather soft;_
brisk effervescence; much
sand ________________________________
Limestone,
fossiliferous;
rapid effervescence; soft;
crystallinegray,
to earthy
______________________________________________
857
Limestone, bufr, higohly fossiliferous; brisk efrervescence ____ 859-862
Limestone, light gray. highly fossiliferous, sofL_____________
873
Limestone, white and blue-gray; soft; crystalline to earthy__
378
Limestone, blue-gray, hard; in flaky chips; nonmagneslan,
dense, earthy luster; fine-grained; slightly siliceous ______ _
S83
Limestone, light gray. fossiliferous; fragments of Brachiopods, Bryozoa, and a few crinoid stems________________________
S88
Limestone, light drab, nonmagneslan, hard, crystalline_____
425
Limestone, blue-gray, hard, argillaceous, pyritiferous ________ 485-440
Sandstone,
light
yellow-gray;
calciferous;
grains
fine,
of
crystalline quartz __________________________________________________
(46
Limestone, yellow-gray, cherty____________________________________
448
Silurian (157 feet thick; top, 285 feet above sea level) :
Limestone, bufr, magnesian; In fine san<1.. ________________________ _
Limestone,
magnesian or dolomite; brown, crystalline; In
sand ____________________________________________________________________
468
Limestone; as above. very hard, siliceous_______________________
(80
Dolomite,
white, and
light blue-gray; crystalline, vesicular; 600-578
four samples
___________________________________
Ordovician:
Maquoketa shale (198 feet thick; top, 78 feet above sea level)Shale,
in above)
rounded
cuttings. with fine yellow quartz
sanddrab;
(from
______________________________________________
620
Shale, olive-gray; in hard, siliceous, calcareous cuttings
657
Shale, olive-gray, hard, calcareous, siliceous; at 790 feet
brown, green, and highly sillceous ________________________ 720-810
Galena dolomite to PlattevUle limestone (817 feet thick; top,
120 feet below sea level)•
Dolomite, bufr. cry stalline; In fine sand; four samples ____ 818-855
Dolomite, light bufr, cherty; rounded grains, moderately
fin e, of cle ar quartz, apparently natlve____________________
975
Limestone , ligllt bufr. cherty __________________________________
Lime stone, magnesian, dark bufr_____________ __________________
950
Limestone,
and light yellow-gray; rapid efrerv escence dark
______________________________________________________
---960
Limestone,
gray, cherty
earthy,_________________________________________
and brown, crystalline; rapid 1,000
efrerve scence;
918-Y~

Lime
stone,
light brown; rapid efrervescence; crystalline
______________________________________________________
--_______ _
Shale, brown, highly bituminous ______________ ___ _____________ _
Shale, green, and limestone, gray, fossiliferous ____________ _
Lime stone, gray; nonmagneslan; hard; In sand _____ _______ _

1,025
1,048
1,063

1,088
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Limestone, buff, hard, with rounded grains of crystalline quartz in drillings_________________________________________
Sandstone: clear quartz, fine grains, many well rounded;
but anlimestone
unusual _________________________________________________
number ill-rounded or chipped; some
gray
Shale, green, hard, fissile, noncalcareous___________________
Saint Peter sandstone (top, 437 feet below sea level)Sandstone; grains well rounded, largest 0.75 millimeter
in diameter; drillings red from superficial staining
grains with ferric oxide_______________________________________

1,095
1,105
1,125
1,135

Analysis Of rock from boring near Letts.·

\

545
Atfeet
833\ At
feet

CaCO. ___________________________________________________________________________
51.93
MgCO. ____________________________________________________________________
42.02
CaSO. ___________________________________________________________________ _________

52.42

~ieOd ==================::::=:::::::::=::::::::::::=:::::::::::::::::::::: t~
!:~€:
_::::::::::=:::::::::::::::~:::::=:=::::::::::::::::::::::::::::::::::::::::: ----:69H
0 _________________________________________________________________________
1.42

___~~~

41.85

.21

2:~~
.16

2

100.50

100.03

"Made in chemical laboratory of Cornell College, Mt. Vernon, Iowa.

SPRINGS.

As the chief water-bearing formations are cut by the major
stream ways, springs are by no means uncommon in the county.
The .alluvial gravels underlying the abandoned flood plains of
Cedar and Iowa rivers discharge large amounts of" ground water
into the rivers and their tributary creeks by means of springs
and seepages. Strong springs emerge from glacial gravels along
the bluffs bordering the river valleys. In the southern tier of
townships the creeks are fed by 's prings discharging from the
country rock, the leading horizon here being the top of the shale
..of the Kinderhook stage.
CITY AND VILLAGE SUPPUES .

.

Columbus Junction.-At Columbus Junction (population
1,185) water for the city supply is obtained from a well 16 feet
in diameter and 20 feet deep, sunk in the sand and gravel of the
flood plain of Iowa riv,e r a short distance below its junction with
the Cedar. Although distant about one-fourth mile from the
channel, the water of floods overflows the area of the well. The
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supply is large and a distinct inflow is noticed from the up-valley
side. The pumping does not affect two wells about 200 feet
away. When the well was dug water could not be pumped out
through a six-inch pipe as fast as it came in. The water is fl()und
in a bed of clean gravel and is pumped to a tank with a capacity
of 57,000 gallons. The gravity pressure is 95 pounds and the
fire pressure 140 pounds. There are two miles of mains, 15 fire
hydrants, and 120 taps. The consumption is 18,000,000 gallons
a year, the Chicago, Rock Island & Pacific Railway being a large
consumer. The waterworks are owned by the OOwn.

Wapello.-Water for domestic supply of Wapello (population, 1,3~6) is obtained from city wells from points driven 20
!teet in the sands and gravels of the flood plain Ion which the
town is built. So large is the supply that driven wells placed
at intervals along the streets afford fire protection, being
pumped by steam as from so many hydrants. Five driv1e points
are attached by a fiv,e-inch pipe along the top.
The depth of the principal water-bearing formations belo.w
Wapello (588 feet above sea level) can not be closely predicted
because of the deformation of the strata. The southward dip
of the strata is uninterrupted to the north county line, but south
of this line the dip is reversed and the deeper strata are so
upwarped that at Burlington they ,s tand higher than at any point
south of Cedar county. The limit of the southward dip, the
position of the bottom of the trough, at which the ascent toward
BUrlington begins, has not been determined. The dip Io.f the
Saint Peter sandstone from West Liberty to. Letts is 11 feet
per mile. If the dip continues at this rate as far south as Wapello the 8aint Peter should lie about 615 feet below sea level,
or 1,203 feet below the surface; but it is possible that the dip is
rev1e'r sed north of Wapello and that the Saint Peter may be
found 100 to 200 feet nearer to the surface. 'T he depth of the
old drift and alluvium-filled valley in which the channel of Iowa
river lies is unknown. Possibly it may cut deep into the shales
of the Kinderhook stage, wb,ose base here should be about
200 feet above sea level provided the southward dip continues this far So.uth of Muscatine county. Between the basp.
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of the Kinderhook and the top of the next heavy shal'e, the Maquoketa, there are about 300 feet of Devonian and Silurian limestones in whose crevices water may be found should the drill
fortunately strike them. Beneath the Maquoketa shale, the
base of which lies here about 298 feet below sea level, are limestones with some shales (Galena to Platteville), which will prob-.
ably yield some water. 'T he yield will be increased by water
from the Saint P 'e ter sandstone, which in this area seems to be
exceptionally thick and may afford a supply adequate' for the
town. If it should not it may be necessary to sink the well t l)
formations lying 500 to 600 feet below the summit of the Saint
Peter, or to a total depth of 1,800 or 2,000 feet, in order to materially augm-ent the supply.
The waters will probably be str,ong in sulphates, though by no
means beyond the limits of potability. The waters of the Saint
P 'e ter and the deeper formations should be better in quality than
those of higher strata. The closed pressure of the well should
be 20 to 30 pounds.

Minor supplies.- Informat1on concerning minor village supplies in Louisa county is presented in the following table:
Minor village supplies, Louisa Oounty.

Depth of wells
Nature ' of supply

Town

0

Ootter ___ ________ Drilled wells ________ "________ ___
Elrick ____________ Driven and bored wells__________
Fredonia _______ Driven wells _________________ ____
Grandview
Morning
Sun-----____ IDUg
Wells and
___ __bored
________weJls____________
________________
~

Newport ________ _ Drilled and open weIls___________
Wyman __________ Bored wells _____________________ _

.

"8

I

a
rt

0

I

I

0

Eo<

I

'0
00)

~.t:I

.cO)

Q.d

8

~~

0

0

Head
below curb

B

:9-a
"'0

A"

~ I

0",

:;~

r53;::

"'

~~

~~

Feet Feet
Feet Feet
Feet ___
Feet
Feet_
100 75-100
75 ________
______
25
52
If- 15
50 ____ ____ - 8 _____ _
8
22 16- 20
18 ________ -16 _____ _
]6
55
45
36 ________ -33 ____ _
45
26 ________________________________ _
18
18
~O

120

200

50-120

25

20

75

40

70-200

-10
-4{)
-10 _____ _
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WELL DATA.

The following table gives data of typical wells in Louisa
county:
Typical wells 01 Louisa Oount1l •

....

'"...0

Location

Owner

:S

'"
Q)

A

.8
:S

'"
Q)

A

'0",
~ra

.. '"

Remarks:
(Logs In feet)

:>:>

0'"

00

T. 78 N., R. 2 W.
(Parts of J etrerson, Elliot and
Feet Feet
Wapello).
8 ________ _
~.
OIark _____ Sec.
60 ____ Sand _____ Slope of bluff of . Iowa river.
Yellow clay.
sand.(0;SO.blue
John Hays ____ Sec. 11 _________ 210 _______ do ___ Opland.
YellowSO;clay,
clay.
80;
sand.
J. Parson _____ Sec. 11 _______ . __ 210 _______ do ___ Opland. Yellow clay. SO; sand.
6; blue clay. 80; sand. 14; blue
clay. 25; sand. 25; blue clay.
30 ; rock at bottom.
Dr. Parsons ___ Sec. 2S ________ 107 _____ Sand _____ Second
bottoms; loam. sand.
and gravel. 81; blue clay. 60;
wood and black loam. 10;.
T. 73 N., R. 8 W.
sand with water, 6.
(Parts of Wa·
pello and Mom·
lug Sun).
8 _______ Upland ravine. Drift, 8; lime
800
Concord SchooL_ NE. ~ sec.
stone, 15: "soapstone, tt 148:
dark shale, 80; "soapstone,"
99 .
H. Harris ______ NE. 1 sec. 20______ 1(0 185 Sand ____ Upland . Drift, 185; shale, Kin
derhook, 5.
W. D. Jamlson ___ NW. 1 sec. 22____ _ 800 _____________ Drift, 00; shale, 210.
Oyrus Hewitt ___ NW. 1 sec. 29____ _
78 _______ Drift, 78; limestone, 8.
76

18.._____

T. 73 N., R. 4 W.

Parts of Mom·
[ng
Sun ana
Marshall) • .

NE.

1

NE.

1 Bec.

2.._

D. O. MarshalL __ NW. 1 sec. 9______
____________ SW. 1 NE. 1 sec. 12__
J. K. Brown.. ____ SE. ~ BE. ~ sec. 16__
James Ohllson___ _ BW. ~ sec. 20 ______
Town _______ Morning Sun ____
T. 74 N. , R . 2 W.

\

(Parts of Jeffer·
son and Port
Louisa) .
P. B. StetsoIl-_ __ E.

J

sec. 81_______

T . 74 N., R . S W.

152 _____ Sand _____ Yellow clay, 22; blue clay, 116;
sand, 14 .
95 ___________ Drift , 96; limestone. 81.
126
110 104 Llmestone_ Yellow ' clay, pcbhly, 25; dry
yellow Quicksand, 6; blue
cl ay, 74; brokpn Ilmestone, 6 .
141
126

162

118 ____ do ____ Drift, 118; Ilmestone , 28.
40 . __________ Drift, 40; rOCk, 86.

65 Limestone. Drift , 65 ; Ilmestone, with Bome
shale, 97.

70 ____ Sand _____ Yellow clay. 8; blue clay, 42;
sand. 6; blue clay, 10; Band, 6.

(Parts of Wa·
pello, P 0 r t
Louisa, Grand
View and Jefferson).

Joseph Schofield

Sec. 24 ___________

247 _____ Sand ______ Yellow clay, 10; blue clay, 8;
old soil . 8; blue clay with sand '
at 70 and old soil at 160; .and ~
at bottom.

I
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1'ypical wells of Louisa County-Continued

"""
0

Owner

Location

.<:l

~
A

'"

.E"
:SPo

'"

A

o~

Remarks :
(Logs in feet)

~'a
"Po

""

0'"
III

Feet Feet
. Average of several ________________ 123 ________ do ___ Low upland . Soil, 4; loess and
wells.
yellow clay, 40; blue clay. 76;
sand, 3.
T. 74 N., R . 4 W.
(Parts ot Wapello, Marshall
and Columbus).
_______________ NW. i NW. i sec. 55 150 _____ Sand ______ Yellow clay, 80; blue clay, 58;
sand, 12. Water head, 110.
Lyman Blut! _____ SE. i sec. 8 __________ 176 _________ do ____ Upland; all drift.
__________
do
____
All
drift.
Jesse Van HOrIL __ Cairo
SW. i _______________
SW. l sec. 27__ 180
______________
124 ____ GraveL___ SOil, 8; yellow clay , 25; blue
clay, 83; gravel, 8.
H. Freeman ______ SW. l sec. 29 _______ 180 160 ----------IDrift, 150; with sand at 120;
shale, 80.
R. S. Cummings __ SW. l sec. 32 ______ 120
45 Llmestone_ Drift, 45; limestone, 75.
Jos. Bates ___ ____ E. II sec.
209
__________ Yellow clay, 70; blue clay, G8;
sand, 1; blue clay, 26; sand
T. 74 N., R . 5 W.
and clay, 23; dark drift, 22.
(Elm
Grove;
part of Oolumbus).
68 ___________ Loess t 10; bowlder clay. 40:
L . M. Sampson __ SE. i SE. i sec. 20__ 60
sana, 8; rock, 7.
Evan Paris _______ NE. i sec.
116
95 ___________ 'Drift, 95; sandstone, 20.

33________

28._______

T. 76 N., R . 3 W.
(Part of Grand
View).

______________ NE . l NW. i sec. 8__

Joseph Wagner __ Sec. «I ____________
W . W. Wagner __ SW. l sec. 6_______

M. A. Gray______ N. II sec. 22_-'-_____
-L. S. Gresham___ W. 11 SW. i sec. 27__
__________________ NE. l NE. i sec. 9__

SE. l sec. 14__________

,
,

Roy Letts ______ SE. l SE. i sec. 19__
NE. i SW. i sec. 24._
B. W. Haft_______ SE. i NW. i sec. 35__

266 _____ Sand ____ Ridge.
Yellow clay wlt-h out
pebbles, 28; red sand, 80; blue
clay, 38; quicksand with water,
4; blue, pebbly clay, 168; sand
with water, 7.
187 _______ do ___ Yellow clay and sand, 16; blue
clay, 60; coarse gravel, 2:
sticky blue clay with wood below, 47; sand, 18.
89i __________ do ____ Loess, 2; yellow sand, 16; bowlder clay, 40; quicks8/lld, 20;
old soil and wood, 4 Inches:
dark blue stony clay, 2; sand
with gas ana water.
178 _______ do ___ SOil , 6; yellow clay, 00; quicksand, 40; white and blue clay
mixed , 74; sand with gas and
water.
160 ________ do ____ Loess, 12: peat, S; blue clay,
66; quicksand, 1; blue clay, 3;
quicksand, 1; blue clay, 65:
sand, 10.
45 __________ do ____ Yellow clay, 20; blue clay clear
of pebbles, 14; peat, 1; quicksand, 4; blue clay, 6. Head
of water, 16.
84
____ do ___ High knoll. Loess, 22; yellow
sand and pebbles, 42; blue
clay, 1; gray sand with water,
111.
100 _________ do ____ Yellow clay, 20; blue clay, 60;
sand with water and gas, 20.
78 _________ do ____ Foot of MiSSissippi blut!. Yellow clay, 4; blue clay, 28;
white sand, 26; red clay, 1;
red sand with water, 19.
163 __________ do ____ Yellow clay, 34; yellow sand, &;
blue clay , 96; sand with water and gas 15.

I
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Typical wells of Louisa Oounty-Concluded

,.,.
<:.)

0
....

Owner

Location

.E

:5J:>

:5J:>

~

~

.,

.,

....01>-

.,oJ:>

Remarks:
(Logs in feet)

.... J:>
",,,,

0 "
1ll

Feet Feet
John Sneider _____ Near Letts _______ _ 800 _______ do ____ Yellow clay, 18; Quicksand, 8;
blue clay, 70; yellow clay and
gravel, 20; blue clay and
gravel, 80 (1); sand to bottom.
r. 75 N., R. 'W.
(Ooncord; parts
01
Oolumbus
and Oakland).
O. Estle _______ SW. l NW. l sec. IL 150 ____ Sand ____ Water and gas In basal sand.
-101. A. Turkington S. i sec. 10______ 215 _______ do ___ Loess, 5; yellow till, 16; yellow
sand, 8; blue "sand," 26;
white sand, 80; dark bluish
hard "sand," 46; Ught soft
sand, 40.
D. Overholt______ SE. 1 sec. 29 ______ 1M ________ do ____ Bottom. Alluvium, 8; blue
pebbly clay, 72; sand, 2; blue
clay, 14.; sand, 68.
T. 75 N., R . 5 W .
(Parts 01 001·
umbus
and
Union.)
General sectlon___ _ Near Oolumbus Junc· ______________ do ___ Yellow clay, pebbly, 15-20; blue
pebbly hard clay, sand, 2·15
tlon.
at from l.25 to 150 feet from
surface, with water; blue clay.
Ruben Stapp _____ See. 16 _____________ .00 150 ________ Drift, 150; abale, Xlnderhook,
Ootter Station ____
J. W . Gamer ____ Oolumbus Olty ____
D. W. Overholt___ SE. l see. 25 _______

186
170
166

Martin Schaum __ See. 27 __________ _

68

T. 76 N., R. 5 W .
(Parts of Oak·
land and Union)
Edward Murdock_ NW. l sec.
J. Lucky ______ NW. i sec. 18_______

(1_____

\

188 _______
Sand ____
Sand and
gravel.
65 ________

250.

Drift, 188; sandstone, 8.
Loess. 13: blue till. 157: sand .
Loess and yellow till, 85; blue
till, 125; sand and gravel, 6.
Drift, 65; sandstone, 8.

152 _____________ All drift.
188 _____ _________
Do.

r-------------------------------------------------------~~~----~
--=~~-- --~~=-~=-~
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MAHASKA COUNTY

BY HOWARD E. SIMPSON.

TOPOGRAPHY.

T'opoJ~Taphically

Mahaska county comprises an upland plain,
sloping from an elevation of about 900 feet in the northwest to
about 800 feet in the southwest, acr,os's which Des Moines, Skunk
and North Skunk riv,e rs flow southeastward in approximately
parallel courses and into which they· have carved their valleys
to depths ranging from 100 to 200 feet. Between these valleys
broad, flat remnants of the former rolling drift plain remain.
In places the streams are bordered by sharp rock terraces, but
as a rule they have gradually sloping valley sides which rise
from floors half a mile to three miles wide.
Only near the borders of the larger valleys, and particularly
near the Des Moines valley, is the topography rough and broken:
but the tributary streams ,e xtend into all parts of the area,
draining it so completely that ponds and lakes exist only on the
flood plains.
GEOLOGY.

\

The bottom lands of all the larger streams are covered with
alluvial deposits consisting of alternating layers of sands and
. silts that afford an abundant supply of water to drive point
wells, few of which ,exceed thirty feet in depth. 'T he water is
usually good, though in some w.ells it has a slight odor or taste
due to organic matter deposited in the silts.
Except ,on the flood plains of the streams, the entire surface
is covered, in places to a depth of ten feet, with the light yellow
clay called loess; and everywhere beneath the loess is a deposit
of unconsolidated clay and gravel in heterogeneous mixture ,
though showing in many places definite layers and lenses of
stratified sand and gravel, the whole forming the glacial drift
of Kansan age. Old soils, peat, and forest beds found locally
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beneath the Kansan drift, accompanied by well defined layer~
of sand and gravel and in places resting on till, give evidence of
an older drift', the Nebraskan. The whole drift commonly rest~
on layers of coarse sand and gravel immediately overlying the
bedrock. The drift yields moderate quantities of water to dug .
and bored wells from fifteen to thirty feet deep; small pockets of
sands at depths ranging from 100 to 200 feet supply many wells,
the largest supplies being obtained from tlhe thick deposits of
gravel at or near the base of the drift. These gravels can
not be traced as a distinct bed over large areas, but wherever
found they yield an unfailing supply of water which is generally
hard but is entirely satisfactory for domestic, farm and stock
use. In many places large open wells are dug down into the
shale below in order to form a reservoir for water from gravelE
resting on the shale and thus maintain a large supply. Sucb
wells should be carefully protected from pollution by surface
drainage.
From southwestern Oskaloosa an rold preglacial valley extendE
,northwest and southeast, crossing Spring Creek township and
entering Harrison township about the middle of its north line.
The H. Crookham well (E. 1h SW. 14 sec. 29, Spring Creek township) passes through forty feet of soil and till and then eighty
feet of fine yellow sand, which changes to coarser sand and
gravel below, without striking rock. 'Water began to come in
at 45 feet and increased downward. Abundant good soft water
stands 85 feet below the curb of the well. To the northwest
this old valley passes underneath the farm of J. B. Cruzen
sec. 34, Madison township), whose well passes througb
(NE.
196 feet of drift, chiefly sand, to 'bedrock. Acrross the road, 'T . J.
Ferree's well reaches bedrock at 172 feet after passing througb
90 feet of drift and 82 feet of sand. At a depth of 167 feet
woody matter was found mixed with the sand.

*

The rock underlying the drift consists chiefly of Carboniferous shale, with a few beds of sandstone, limestone and coal
belonging to the Des Moines stage of the Pennsylvanian series.
(See PI. XIII, p. 626.) In narrow strips along the three principal
streams, however, the rocks have been eroded away, and the
45

\
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underlying hard Mississippian limestone (Saint Louis limestone) becomes the country rock. 'T he Saint Louis limestone
unconformably underlies the Pennsylvanian Coal Measures
throughout the county and is readily distinguished in drilling
by its hardness, its thin, soft interbedded marly layers, and
its thickness, 20 to 40 feet being common.
The shales of the Des Moines stage are comparatively dry;
only the coal and sandstone layers are wate,r bearers, and the
coal waters are always,and sandstone waters usually, impregnated with iron, sulphur, and other minerals. In a few places,
however, thick local lenses of sandstone furnish excellent water.
Chief among these is the brownish red sandstone underlying
New Sharon and other portions ,of the northeastern part of the
county, from which the New Sharon Electric Light Company well
and several farm wells in the vicinity draw their supply. The
granular white sandstone of the Saint Louis yields water of
such quantity and quality as to give it locally the name of the
"white water sand rock." Even above this thin sandy layers
alternating with heavy limestone beds in many places yield a
moderam quantity of water, which as a rule is hard but is rarely
mineralized if the water from the Coal Measures is properly
cased out. On the whole, the Saint Louis is the most satisfactory aquifer in the county.
Only a few wells passing the upper limestone have failed to
find the sandstone, but three such have been I"eported. 'TWlo of
these are in Scott township-that of Fr,eQ. Oswandle (SW. 1,4
sec. 2), 250 feet deep, and that of Williams Brothers (section
13), 317 feet in depth. Anpther is at the Allandale stock farm
(NE.1,4 sec. 22, Union township). These wells probably all draw
their supply from the limestone which immediately underlies
the Saint Louis limestone; and tw,o of the three, the Oswandle
. and Allandale wells, yield water that is very strongly mineralized. Unless the deep aquifers are to be sought, drilling below
the sand-rock layer of the Saint Louis limestone is to be discouraged.
In general, the upper limestone of the Saint Louis is reached
about 120 feet below the uplands, and the sandstone about 20
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to 40 feet deeper. The depth, however, varies greatly. Be- '
tween Skunk river and the Des Moines the "white water sand
rock" is found at depths ranging from 150 to 250 feet, and the
water is everywhere reported good. South of Des Moines river
it lies somewhat deeper and in many wells is strongly mineralized. Between Skunk and North Skunk rivers, many wells draw
from this bed at depths of 150 to 175 feet. The bed thus rises
to the north and east, though perhaps not so often drawn upon
in that direction, owing to the fact that the drift waters there
are better and that there are numerous sandstone layers in
the overlying Des Moines stage.
The quality of all these waters unfits them for use in boilers,
for which purpose it is, as a rule, necessary to im'p ound storm
waters.
UNDERGROUND WATER.
SHALLOW FLOWING WELLS.

In Mahaska, as in the adjoining counties, the drill used in
coal prospecting may strike a vein of water under such pressur,e
as to cause it to flow from the top of the hole, though, as a rule,
without much force. Most of these holes are located in low
valleys or draws, alid the aquifer is ordinarily a gravel layer
low in the drift or a sandstone or coal seam .of the Des Moines
stage. Many of these holes are abandoned and forgotten, but
when advantageously located with respect to pasture lands they
are cased and retained for stock supplies.
Such are the two flowing wells on the farm of C. A. Coryell,
one mile southeast of Olivet, Scott township. One well, 80 feet
deep, yields about two-thirds gallon per minute of strong mineral water flowing from a coal vein; the other well, one-fourth
mile south, is 52 feet deep, enters sand rock at 40 feet, and yields
six gallons per minute of excellent water; the water rises eight
feet above the surface. A third well, 167 feet deep, also in
Scott township, on the farm of Con Ellis, 1% miles southeast
of Tracy, is drilled on a valley Iside, and reaches its aquifer in
rock described as "dark limestone with flint" in the Des
Moines stage; the water has a strong mineral taste.
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On the farm of Ed De Lo.ng (NE. 1;4 sec. 26, SCo.tt township)
a 47-fo.ot well yields a 211z-gallo.n flo.W with head 18 feet abo.ve
the surface; the aquif,er is a heavy bed o.f sand beneath the till.
This is an excellent sto.ck well.
SPRINGS.

Many springs issue o.n valley side&, most o.fthem flo.wing fro.m
the Des Mo.ines stage, but a few fro.m drift. depo.sits. The impervio.us, stratum which collects the do.wnward perco.lating
waters and brings them to. the surface, where it o.utcro.Ps o.n the
valley sides, is co.mmo.nly a shale bed. Many o.f these waters
are mineralized, and so.me o.f the springs yield sufficient water
to. fo.rm a permanent supply fo.r sto.ck. If such springs are advantageo.usly lo.cated in pasture land they are piped into. tanks.
The mo.st interesting spring repo.rted is o.n the farm o.f Edward Edris, 2lj2 miles no.rtheast o.f Oskalo.o.sa. 'T his spring is
said to. have fo.rmed 10 o.r 12 years ago. after the clo.sing o.f a
co.al mine in the vicinity, where undergro.und waters gave so.
much tro.uble that the mine was abando.ned. It flo.WS abo.ut 75
gallo.ns pet minute, and the water has a lo.cal reptuatio.n fo.r
its medicinal pro.perti~s.
CITY AND VILLAGE SUPPLIES.

New Sharon.-The public supply o.f ,New Sharo.n (po.Pulatio.n, 1,122) is secured fro.m a well drilled to. a sandstQne hQrizQn
in the Des MQines stage. Three wells have been drilled, all
reaching the same aquifer, but Qnly Qne is no.w used. The well,
which is nine inches in diameter and cased 80 feet to. the sandstQne bed, has yielded 35 gallQns per minute.
The water is pumped by a gasQline engine into. ' an elevated
tank having a capacity Qf 43,000 gallQns, and is distributed by
gravity thrQugh two. miles Qf mains under pressure Qf abQut
45 PQunds. TwentY-Qne fire hydrants and 160 taps' utilize abo.ut
15,000 gallo.ns daily.
ShallQw drift wells are CQmmQn in the city, but an excellent
water, like that used by the city, may be fQund in the same o.r
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similar lenses of reddish brown sandstone near the base of the
Des Moines stage at depths ranging from 40 to 175 feet. The
water is very pleasant to tast~, neither hard nor soft nor mineral. Should the drill pass through shales of the Des Moines
without finding this water, the sandstone horizon of the Saint
Louis limestone might be found 40 to 50 feet below.
Oskaloosa.-The public supply of the city of Oskaloosa (population, 9,466) is ,owned by the Oskaloosa Water Company and
is operated under a 20-y,e ar franchise, dating from November
12, 1899.
The supply is obtained from 15 driven wells, six inches in
diameter and about 50 feet deep, put down to bedrock in the
alluvium and sands underlying the flood plain on the north side '
of Skunk river, 3112 miles north ,of the city Each casing Carries
a seven-foot Cook strainer and is connected with piping in such
a way that all siphon into an open well, 34 feet deep and several
feet in diameter, in the bottom of which are 11 other drive
points. The wells on the north and farthest from the river end
in coarser sand and supply much more water than those nearer
the river.
The pumping station is . on the south river bank immediately opposite the 'wells. A cable from this plant runs
a. centrifugal pump in the main well, raising the water to a cistern from which it is forced into the mains by two steam pumps.
A large open reservoir ha-s been cut into the bank on the south
side in such a way as to impound some storm waters, and into
this water from the river is pumped directly in order that sedimentation may take place. In emergencies water can be
pumped from this reservoir. An ordinary pressure of 110
pounds is maintained at the plant, and a fire pressure of 185
pounds is obtainable.
A large main leads from the pumping station to the filtration
plant at the north edge of the city, where six Hyatt filters (two
with a capacity of 250,000 gallons and four with a capacity of
150,000 gallons), and one Jewell filter (capacity 500,000 gallons)
are utilized to filter the water through sand before it passes into
the standpipe and mains of the city. It is estimated that about
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1,300,000 gallons a day are filtered, and only in case of emergency is the water passed directly into the mains. The ordinary
pressure on the mains fr,om the filter plant is 35 pounds, but a
pressure of 100 pounds or more may be had for fire engines.
A standpipe 20 feet in diameter and 130 feet high connected
with the city mains stores the reserve and equalizes the pressure
and flow. The greatest objection to the use of this water is that
the mains are flooded with unfiltered water with every serious
fire.
An artesian well, 2,517 feet in depth, was sunk by the city in
the center of the city square about 1875, partly for the purpose
of securing a flowing well for city supply and partly to prospect
for coal and other mineraL No record has been preserved and
little is now known of the well, save that at 800 feet a 'Strong
aquifer was reached which gave a head only 40 feet below the
curb. This was tested by a steam pump throwing a four-inch
stream for 48 hours without lowering, but the water was so
strongly mineral as to be unfit for drinking. The well has never
been utilized.
Some tim€ previous to 1888 a well was sunk to a depth between 2,800 and 3,000 feet. Two or three companies were engaged in drilling this well, litigation ensued, and the well was
abandoned after a cost to the city of $2,800 or $3,000-an extraordinarily ~mall sum for so deep a well, if the depth is correctly reported.
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Record of strata to 1,200 feet in city well at OskaZoosa (Pl. XIII, p. 626).

] ThIcJmess.] Depth.

Quaternary
(50 feet
thick; top, 843 feet above sea level):
_______________________________________
_____________ _
Soil, black
Clay, join t _______ _______________________ ___ _______________________ _

~~~~, a~?iI~r~~_e!_=::=::::=:::=::=:=:::===::::=:::=:==:___:::::::
Oarbonlferous:
Pennsylvanian seriesDes Fire
Moines
stage
(Ill feet thick; top, 793 feet above sea level)-__
clay
________________________________
_
Slate, black _______________________________ _
Coal ____________________________________ _
Sulphur (pyrite) ____________________________ _
Limestone ___________________________________ _
Soapstone _____...:__________________________ _
Sandstone, gray _______________________________ _
Plumbago, traces (Y)-------______________________ _
Sandstone, gray ______________________________ _
M1sslsaipplan series- I
Saint },ouis limestone and Osage stage (449 feet thick; top, 682 feet above
sea
level)Flint
______________________________________ _
Limestone ____________________________________ _
Sandstone _________________________________ _
Plumbago, traces (Y) _________________________________ _
Sandstone _________________ ___ _______ __________________________ _
Slate, black ______________________________________ _
~

Porous white
rock ___________________________________
Slate,
------------------------------------------------------_
Limestone _________________________________________________ _
Kinderhook
stage (110 feet thick; top, 233 feet above sea level)Slate ______________________________________
_
Devonian
Silurian
(856 feet thick; top, 123 feet above sea level):
Marble,andhard
_____________________________________________
_
Limestone,
very
dark,
hard; with streaks of sandrock and mica; also fos-_
sils at 985 feet __________________________________
Sandstone, hard, g'ay ___________________________________ _
Gypsum and magnesia ___________________________________ _
Feldspar (calc-spar?) ______________________________ _
Sandrock, porous ___________________________________ _
No samples ________________________________________ _
Ordovician:
Maquoketa
shale (124
feet penetrated; top, 233 feet below sea level)
Slate, black
______________________________________
_
Slate, blue ___________________________________________ _
Limestone _________________________________________ _
Slate, blue ____________________________________________________________ _

l!'eet

Feet

6

5
38

S
9

44

18
84
10

83
9'1
1m
10'Ti
127
189
US}
149
161

as

i
111l!

12

9i
li

12

4
15
9
1
10
50
20
10
830

50

185
180
189
190
200
250
270
280

610

110

720

150

870

100
7
5
15
6
74

9'10
977
982
997
1,002
1,076

19
20
25
60

1,095
1,116
1,140
1,200

Outside of the city water, which is generally used, the chief
supply comes from shallow drift wells, which, with few exceptions, are unfit for domestic us,e, owing to unavoidable contamination from surface, cesspools, coal mines, and open wells.
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WELL DATA.

The following table gives details. of typical wells in Mahaska
county:
Typical wens 01 Mahaska Oounty.

."I
0

"...

Owner

.d

Po
.,

A

r. 75 N .. R. 16 W.
(GarJleld and part
of Spring Oreek).

'0..,

.,"eo

2

Location

.d

... eo

Po
.,

""

0'"
III

A

Feet Feet
217 ______ Sandstone

Oskaloosa Light Oskaloosa ___
& Power 00.

360

1'. 75N., R.15W.
(Parts of Spring
Oreek and
Adams).
H. Crookham __ . Sec. 29
Spring Oreek Coal SE. ! sec. ll__
00.
I

(Saint Louis)

40 ____ do ________
25 Sandstone (Des

140

27 Sandstone

Moines).

(Saint Louis'

120 ______ Drift

220

A. H . Rogers____ NW. i sec. 3__ 124
T. 76N •• R.15W.
(Parts of Adams
and Spring
Oreek).
Moses Barr ______ SE. ! sec. 19__

63 ___ do _____ _

179

182

170

.,,,
"".,,,

,.Q,.Q

Remarks:
(Logs given in feet)

...

p:j

Feet

Sewer Pipe Mantl' Oskalcosa ____
facturing 00.

Blake Wilson ___ _ SE. t sec. 28__
J. W. Hunt ____ _ ~ mJles southwest
Oskaloosa.
1. K. Hook _____ _ SE.
t sec. 21L

IJ:
0
a;

sand___ _

38 Sandstone
(Saint Louis)

35 6 ~nches

diameter; good
clear water. Olay, yellow and blue, and slate
and soapstone shale,
100+;
gravel,
some
water, 5; limestone, solId,
60+;
sandstone,
white, porous, water
bearing, 50+; limestone,
sbaly, 2; test 1J Inem
stream
one·half day;
curb 5 feet below Minneapolis & St. Louis R. R.

00 Unused

account mJneral.
Yields 6 to 8 gallon flow
under pump. Olear; pleasant taste.
143 Test
]54+ barrels per day .
59
______ Slightly mineraI. Soli and
clay and sand, red, 27;
slate, chiefly coal, Jlne
clay, limestone, 46; sand-stone, "white w ate r
rock," 37; soft, porous
sand, 30.

85 Good water In 8O-foot bed,
and gravel.

100 4 inches diameter. l'UlllpS

2'l! gallons ouly.

30 Sandstono (Des _____ _

Moines)

134 ____ do ___________ Bowlder clay, 50; blue clay,
soft, 65; wood fragments
common, log 1 foot thick
at bottom; sand ana
gravel, 9; white sand·
stone, 35+.
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Typical wells of Mahaska Oounty-Continued

...

...'"0

Owner

£

Location
.c

p.
(1)

~

W. G. W. Ander· SW. t sec. 19__
son.

~

""
(1)

~

Feet Feet

eoo

85

~

","'-, ,

Ohlefly
Louis.

150 LImestone

225
Miss Luilis _____ 6 miles south· 225
east
Oska·
loosa.
Owen Mobley ____ 5 miles south· 183
East
Oska·
loosa.
T. 74N., R.17W.
(Part of Jefferson).
Walter Jones ---- 5 miles east 105
Bussey.
Oatherlne Strain__ SE. ! sec. 14,._ 100

83 Sandstone

NE.! sec. 8___

r. 74 N., R. 15 ,W.
(Harrison) .
Pekay Mine ______ NW. i sec. 20__

T. 75 N. R. 17 W.
(Scott; part ot
Jefferson).
J. H. Evans______ W. I sec. 25___

Rem a rks :
(Logs given in feet)

(1)'"

~

Saint

ro Sandstone

225

O. L. SteddoD.__ Lacey ________

.. "

", ...

""

Bert Stiger _______ SW.! sec. 5__

W. B. Stlger_____

,c,c

0 '"
rll

185

O. W . Bartlett___ NW.! scc. 9___
Mrs. R. H. Davis ______________

a;

... ""

J . N. Allgood____ NE.! sec. 35__
J. A. Reynolds ___ Sec. 15 ______
T. 'TeN., R. 16 W.
(Madison).
Ben Oruzen _____ S. ~ sec. 28____

128

0

'0 ",

(Saint________
Louis)_
128 Sand

Feet
100 OIay, yellow, bowlder, 35;
clay, blue, bowlder, 50;

____ _

shale , 23; coal blossom,
I; clay shale, red, 18;
limestone and white clay
Interbedded, 88; sand·
stone (fine water), 10;
limestone , 331; clay sbale,
light colored , 4; shale,
thin, 2; limestone and
shale, 83. Head, 100 feet;
lowered to 130 feet on
heavy test; 4-inch casing
to sandstone, which I~
tine, water bearing and
yields 45 barrels in 24
hours . All water united
below. Probably ends 'n
Kinderhook.

73

216

50 Sandstone
_____ _ Soft water; yields 3 gal
~Saint Louis)
Ions per mlnll te
or Ij5 Good, hard wat~.
sandstone.
120 . .____ Sand _________ _
282
195 Sandstone
C2 Good water. Strong t : Rt.
(Saint Louis)
1'T5
115 Saint Louis ___ _
90 Strong test without lower
Ing.
198
______ Strong well.
85+ Sandstone
(Saint Louis)

171

E. S. Godfrey, Jr III mUes south· 167
east Tracey.
J . J. Henry ______ SE. i sec. 13__ 177

______ 4

(Saint Louis)
26 Sandstone
-----(Saint Louis)
20 Limestone _____

gallons per minute cn
test.

135

15 Sandstone (Des _____ _
Moines)
24 Sandstone
_____ Good hard water.
(Saint Louis) _____ _

90 Sandstone
______ Soli and clay, 38; sand , 4
(Saint Louis)
blue clay, 48; slate, 10
limestone, 40; sandstone
31. Oased to limestone.
15 Limestone _________ ._ Flows mineral.
19 Sandstone
______ Soft water. Strong well.
(Saint Louis)
Olays, 19 ; slate, 51; coal,
3~ ; soapstone, etc. , 641;
Jlmestone , 16; sandstoIl'_,
23. Cased 142 feet to
limestone.
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TypicaZ wells oj Mahaska Oounty-Continued
".

"e

Owner

3

Location
.d

.d

'"

A

Po

A

W. R. Lacey_____ • NE. i sec. L__

Po

'"

~

,

'0",

"'-

... '"

"",

""
0"'

rn

Feet Feet

198 _____ Saint Louis __

0

Qj

"'",
"" "...

..

Remarks:
(Logs given in feet)

"'''
>tI

Feet

120 Strong well, test 848+ gal·

Ions per minute. Surface,
50; blue clay, 6: slate,
gray, 8; sand, 2' sandstone, Ii; coal, 5; bowlder, (1), ~; coal, R; tire
clay, 1; gray slate, 9;
fire clay,
slate, black,
50; sandstone, 2; limestone, 27; sandstone, 39.
102 ______ DTift sand__________ Plenty of good water.
145
21 Saint Louis ___ _

z:

Wm. Velthuzen__ _ NW. ~ sec. L__
Abe Bartlows __ .._ SW. ii sec. 2S__
T.74N., R.14W.
(Oedar).
R. Parsell _____ _ NW. i sec. 6__ _

______ Base of Des Moines at 97
207 ______ Sandstone
(Saint Louis)
feet.

T. 74 N .• R.16W.
-----A:aAO;)

'N

'a

SE. i sec. S___

216

40 Sandstone

Fred Oawandle __ .I3W. i sec. 2___

250

38 Osage (1) _________ Soil and clay, 38; slate, 2.!;

D. D. Davis______ SW. i sec. 29__

118

Williams Bros • . _ Sec. 18 _____

817

. (salIloN saa)

1'. '17 N •• R. 16 W.
(Prairie) •
Town
of
New
Sharon.

Minneapolis
& New 8haron ___
Saint Louis R.
R.Oo.
New Sharon Electric Light 00.
New Sharon ---

165

limestone, 20; slate and
soapstone, 110; hard blue
60;
sand.
limestone,
Water very salty and mineral. Head varieR with
rainfall and pumps down
rapidly. "White water
rock" (sandstone In Saint
Louis).
32 Sandstone
95 Surface, 32; slate, 8; coal,
(Saint Louis)
2; slate, 28; limestone, 25;
sandstone,
23. Water
stands at top of sandstone. Oased to limestone.
42 Osage (1) __________ Surface, 42; slate, 68; coal~
5; · slate, limestone, ana
shale alternating, 212.
Gradual increase of water
in limestone layers. Weak
head, may be pumped
out.
80 Sandstone (Des

IlO Test, 35 gallons per minuta.

110 Sandstone (Des
Moines)

54 So;1 and yellow clay, 25;

Moines)

246
150

_____ Good soft water .

(Saint Louis)

Soil, 2!; clay, yellow
above, blue below, 77i;
sandstone, red and wrote,
70; shale, black and gray,
5. Test 35 gallons per
minute, 9·inch casing to
sandstone.
123 Drift sand __________ Water scanty.

sand, 50; shales, 22; coal,
2; fire clay t 3; shales, 8;
light shales, 26; sanc1·
stone, white shales, 40.
Pumped 23~ hours per day
for six weeks during
drought, yielding con~tantly 6 gallons per n inute without lowering.
Water from white sandstone at 185 feet. Used
chiefly for boilers.
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Typical wells oj Mahaska County-Concluded

"""...
0

Owner

£<=>.

.,

19_________
O. G. Tlce __ ___ __ Sec.
W. Hlte _________ Southwest
of
New Sharon.
T. 77N., R.15W.
(Union).
Allan 1:Iros. ______ NE. i sec. 22.._
~

'0..,
g-a
... <=>,

£

Location

.0

p.
.,

""

0'"

~
0

0;
.0.0

"'.,,,
"'''

Remarks:
(LogS.given in feet)

...

rn
A
1Il
170 __________ do _____________ White sandstone with FeS ~
concretions.
256 100+ Drift sand _____ ----- Plenty of water In sand
over shale.
A

222

75 Osage (?) ______

58

.

OJay and sand, 75; limestone, solid, 20; slate, 12;
limestone, thin layers.
100; sandstone, 15. Tastes
very strongly of mineral
salts. Pouring In test;
7 barrels without rise 'If
head.

VAN BUREN COUNTY

BY W. H. NORTON.

TOPOGRAPHY.

Van Buren county consists of a once continuous and well-nigh
level plain model€d by glacial ice, now deeply and intricately
carved by running water so that only remnants of the initial
surface remain in the broad, flat and imperfectly drained prairies
of the northern parb of the county and in th~ narrow flat-topped
divides which separate the mor·e closely spaced streamways of
the south.
Des Moines river has trenched the upland to a depth of 100
feet or more, crossing the county diagonally from northwest to
southeast. Fox and LitJtle Fox rivers hold courses parallel with
that of the Des Moines and have widened their valleys to a
greater degree proportionately than has the larger river.
GEOLOGY.

The lowest beds exposed in the county belong to ' the Osage
stage of the Mississippian series. They include at the base the
upper part of the Burlington limestone, consisting of chert
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with a few thin beds of limestone or of limy shale (the Montrose Chert of Iowa Survey reports). The chert, although too
hard to be cut by the drill, is fortunately brittle and is readily
broken by the impact of its blows. On this chert rests the lower
division of the Keokuk limestone, a blue-gray, coarse, subcrystalline, and thinly bedded limestone. N ext in ascending order
comes a bed of shale 40 feet thick, distinguished by the geodes
which it carries. Broken .by the drill, these hollow balls furnish to the slush bucket crystals of quartz or calcite and chips
of milky white translucent chalcedony. Hardly to be distinguished from the geode-bearing shales in well records is a bed
of overlying blue shale and interbedded limestone layers.
The Osage stage is overlain by the Saint Louis limestone,
which consists of sandy magnesian limestones, shattered limestones made up of sharp angular fragments, and compact
granular limestones, the total thickness reaching nearly 90 feet.
The larger part of the county is covered by the Pennsylvanian
series, with its beds of shale, sandstone, and coal, underlying
fine clay.
Not exp.osed within the county, but underlying the Montrose
Chert is the lower part of the Burlington limestone, which
forms a valuable water bed. This limestone rests on heavy
shales (Kinderhook stage), which are entered by some of the
deeper wells. Near Utica these shales lie about 400 feet below
the surface of the upland.
Resting on bedrock ,o r separated from it by stratified sands
and gravels lies a massive, tough, blue, stony clay, known as
the Nebraskan drift. Upon the Nebraskan lies another stony
clay, known as the Kansan drift. These two drifts may be
parted by sands and gravels belonging to the Mtonian. The
Kansan in its unweathered portions is a blue hard till hardly
to be told in drillings from the Nebraskan, except that the latter
is usually of a darker tint. In its weathered portions the Kansan is a yellow or reddish stony clay, in places 40 1;0 50 feet
thick. Both drift sheets contain lenses of sand and gravel laid
down by water from the melting ice.
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The entire county, with the exception of the present flood
plains of the rivers, is cOViered with loess, a yellow or gray silt
2 to 10 feet thick.
UNDERGROUND WArTER.
SOURCES.

Sheet water is found so near the surface in river sands and
gravels on the flood plains of the larger streams that it is tapped
by driven and open wells. Such wells form the chief domestic
supply for the towns located on the Des Moines river. On Fox
river the alluvial area is still more extensive in proportion to
the size of the stream.
In places the base of the loess supplies house wells. The
chief water beds' ,of the drift, however, are sands interbedded
between the successive sheets of stony clay, and one beneath
the earli'e st till, ' parting it from bedrock. , These beds supply
very many wells on the more level uplands
Where drift sandsl fail to furnish sufficient water there is a
good prospect of finding it at moderate depths in some of the
Mississippian limestones or cherts. A number of wells to the
Mississippian are reported, however, which range from 270
to something more than 400 feet in depth. The deepest of these
are sunk a few feet into the Kinderhook, but so far as known
no wells in the county have failed to find water above this
heavy shale.
CITY AND VILLAGE SUPPLIES.

Bonaparte.-The waterworks at Bonaparte (population, 597),
owned by the town, are used for fire protection and street
sprinkling only. Water is pumped from Des Moines river to a
standpipe. The pressure is from 65 to 125 pounds. There are
two miles of main,s and 28 fire hydrants.
Bonaparte (and also Keosauqua) is about 644 feet above
sea level and the base of, the Kinderhook ,should be reached
at from 275 to 300 feet above sea level. The drill will
then pass into 200 to 300 feet of Devonian and Silurian lime-
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stones, the latter possibly including a water-bearing sandstone
near its base. The underlying dry Maquoketa shale rests on
heavy limestones (Galena and Platteville), in which water
should be obtained above the bituminous shales which here occur
near the base of the Plattevill~ limestone. 'T he Saint Peter
sandstone should be reached at about 500 feet below sea level
or 1,100 feet below the surface. A well 1,300 feet in depth should
obtain an adequate supply of water of fair quality with a head
of perhaps 50 feet. As security against the possibility of the
Saint Peter sandstone failing to yield enough for a city supply,
the contract should provide for drilling, if necessary, to 1,600
feet.

Falrmington.-Farmington (population, 1,165) draws its public supply from Des Moines river. Water is pumped raw into
a reservoir with a capacity of 300,000 gallons and distributed
thence under a pressure of 80 pounds. There are 16 fire hydrants and two miles of mains. The water is not used for
domestic purposes, open or driven house wells being still utilized
for this purpose. The waterworks are owned by the town.
A flowing well, 705 feet deep, is reported by C. A. White1 at
Farmington (elevation, 567 feet). Its depth would take it to the
Silurian sandstone beds, and it was probably from these that the
flow occurred. Large flows may be expected here from about
350 feet below s'ea level or about 920 feet below the surface
and a well for city 'supply should be sunk to this depth, not only
to get more water but also to improve its quality. This depth
would take it to either the crystalline Galena dolomite (which
in this aJ:'lea is often erroneously called by drillers the Saint
Peter sandstone )or to the Saint. Peter sandstone . . The water
should head at from 670 to 700 feet above sea level, and should
be entirely potable, although its mineral content will not be low.

Keosauqua.-Keosauqua (population, 1,009)
lic water supply from Des Moines river. A
gravity pressure of 55 pounds and the pumps
pressure to 200 pounds direct. There are 17
and 1% miles of mains.

obtains its pubstandpipe gives
can increase the
double hydrants

lWhlte, C . A ., Rept. Iowa Geol. Survey, vol. 2, 1870, pp. 272, 355.
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Minor supplies.-Supplies of minor villages are summarized
below:
Town ana village supplies

01

Van Buren County.

Head below
curb
Town

Birmingham _______
Oantril _____________
Douds L eando _____
Kilbourne____________
__________
MIlton
Mount Sterling _____
Mount Zion ________
Stockport __________

Nature of sup pi y

Wells __________________________ _
Wells and cisterns _________________ _
Driven, bored and open wells ______ _
Cisterns,
and drilled
wells ____
Open
wellsopen,
___________
__ ____________
Oisterns and bored wells ________ _
Wells and cisterns ______________ _
Wells ________________________________ _

Feet
:Feet
Feet
Feet
Feet
20-65 150-200
60
25
20-60 -----20~g
-----iii-------15-20
20-112 _______
40 _______
112
15
6
15
15-30
15-60
4~
60
70-100
45
40 _____________ _
10-40

----ioo- --------

WELL DATA.

'The following table gives data of typical wells in Van Buren
county:
Typical 'Wells in Van Buren County.

.,.

'...."
0

Owner

....

.,

Location

:5p,

~

.'l

8

.0

-:;,

os
~

'"

A

T. 67 N .• R. 10 W.
(Part of Des
Feet
Moines).
William Teter --- Sec. S -------83

'"

A

.,....

...!?;

!?;
0

.'l

..,,,,,
A.o
.0
p,,,,

Source of
supply

OJ

.0
"".0

"'",,,....

Remarks :
(Logs given' in feet)

p:i"

Feet
In. Feet Fcet
65 Gravel and
12 -----3r. Yields 50 barrels a
day.

------

sand.
Sand
______
62

200

4 280(?)

290 Sandstone_

40 Yields 2 gallons a
minute; water sulphur bearing.

350

4

200

5

240

270 Limestone_
250 ____ do ____

80 Yields 5 j:."allons per
minute.
~O Ylelos 2 glllJons JlP,r
minllte

W. C. Fritz______ 5 mlles southeast of Cantril.
T. 67N .. R .ll W.
(Part of Jackson)

82

A. U. Benson _____ NW. i sec. 12_

4

40 Yields 20 barrels a
day;
water iron
bearing.

T. 68N .. R. 10 W.
(Part of Des
Moines).
Edwin De Ford ___ Sec. 27 _______
J . M. Silver______ NW. i sec. 29_

290

I
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.Typical wells in Van Buren Oounty-Continued

Owner

~

.8
:S

.8

.."0

..

Location

.&
Q)

S
oj

'"

Q)

A

..

."I

A

it

it

.<:l

~'d

0

Source of
supply

'Ql

,Q
'd,Q

Remarks:
(Logs given in feet)

ol"
Q)"

"'Q)

~,Q

D:l"

In. _____
F~et .Eht
net
Manning ____ NW. i sec. 31._ P'eet
151 ______
110 Gravel and ____
Yellow clay, 50; blue
sand.
till, 60; water·b('arIng gravel bnd sand
T. 69N., R.10W.
41.
(Part of Van
Buren).
L . R. Plowman __ Kilbourne

112

6

Siegel ---------___ SE. i sec. 28_

153

6

________________ NW.

1 sec. 18_ 218 _____ _

-

Britt ________ SE. 1 sec. 82_

-

Drummond __ Pittsburg

(1) ____________ _

63

60

too ____ _

90

110 ____ _

16

T. 70N., R.10W.
(LIck Greek) •

4 Hill

slope;
water
salty. flowing when
first drilled.
150 Llmestone_
60 Upland. Yellow clay,
reddish clay" light
blue clay, dark blue
clay, all without
sand, 63; limestone,
87; shale, 8.
_________ do _____ • .___ A little caving yellow
sand under yellow
clay, with a little
water. Rock hard
limestone with some
flint.
'
• _______ do ____
60 Drift clays, 80; black
sand
with
foul
water, 10; shale,
black, 30; limestone
and shale, 100; limestone, shale at bot·
tom. Water pumps
down 6 to 200 feet.
__ _______ do ____
15 Des Moines river bottoms. Alluvium, 16;
shale, 10; limestone,
shale at bottom.

l

-------______ SE. 1 NW. 1 194 ____ _ 110 _____• Llmestone_______ Oreek bottom. Drift,
sec. 26.
110; limestone, 84.
T. 70N •• R.ll W.
(Village).
S. E. McGrew____ SW. 1 sec. 21.

405

5

James Elerlck ____ Sec. 20 ______

400

4

T. 68 N., R. 11 W.
(Part of Jack.
son).
Holland ____ SW. 1 sec. 8__

21~

AO ________ .. _______

100

_____ ____

875 Sllfceous___
rock.

295~

Gravel___ _

25 Water lowers nnde
pumping to 47 be
low curb.
75 Upland. Yields 5 gal
Ions per minute.
Mostly
limestone,
except 4 feet 0
wa ter·bearlng stone
at 250, and siliceous
rock ("Quartz rock")
near bottom.

62 Yellow clay, 28; dark
blue clay with som
sand 65 feet from,
top, 181; "rock,'
"ather soft,
H
water·bearlng clay
Bnd sand with som
gravel, l.2.
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Typical wells in Van Bm'en County- Concluded

Owner

Feet

(Harrisburg) .

Oresswell ____ SW. i sec. 11

SE. t sec. 12.

Enderby

O. Davis __ .------ Sec. 8 _____ ___

'1' . 69 N., R. 9 W.
(Wo5hington, pts
of Henry and
Van Buren).
O. Miller - -----___

i=i

I

T. 69N., R. 8 W.

-

E
.,S'"

Location

n

miles nortb·
east of Keo·
sauqua.

H. B. Edmundson SE. i sec. 26_.

'J.'. 70N., R. 8 W.

Ill .

132

... ......'"
8" :::
s

s

.Q

.Q

"
0

:Source of
_..supply .

<i
.Q

Co",

"".0

~::j

,,""
P;"

l'eet -]"'~H

l'eet

Q.

"

A

-""

Rema rks :
(Logs gi ven in feet)

oj ...

92 ____ __ Limestone_______ Yellow clay, 02 ; lime·

stone, yellowish to
wbi te, 6; limes tone,
white, in thin Rtrata
water bearing, 34.
121 _____ _ 120 _____________ ______ ____ _ Yellow clay, GO ;
clay with :;ravel UO
feet below curb, 70;
limestone, 1.
318 ______ 85 ____________ ____________ Yeliow clay WIth some
sand, 35 ; blue joint
cIa y, 5; yeliow clay
with layers of sand
and some water, 16;
bard blue till, 29;
Coal Measure sbales
17; whito limestone,
15; ' blue limestone
with some pyrite,
70; sbale, 58; limestone, cherty and
sandy, 3; limestone,
gray,
pink,
and
black,
38;
rock,
hard, gray, cuts tbe
drill, 32.
b~ue

162 _____ _

42 ________________________ Gray clay, 8; sand,
32; gravel with water, 2;
coal, 3;
white limestone, 8;
Hme and sand, 8;
gray limestone, 30;
reddish sandstone,
S; gray sandstone,
12;
shale, 56.
224 _____ _ 111 ------ ----______ ________ Yeliowblue
clay,no sand,
90; blue clay into
3 incbes of sand at
base, 21; blue shale,
55; ocber, 3; brown
lim est 0 n e, 10;
alternating
sbales
. with limestone, 41;
rock, very hard,
dark, could
not
penetrate it (most
all chert ~), 4.

(Oedar).

George Watson __

l~

William Brooks

Utica _________ _

46

I

~_

miles north
of McVeigh_

50 __________________

. __ _ ______ Water from
sand beneath
blue clay.
400 ______ ______ ______ ____________
65 Yellow clay, 56;
blue clay, 23;
blue clay, 29;
stone, 257;
nate
shale
limestone, 25;
(Kinderhook),
S~nd--

white
light
lfght
dark
limealterand
shale
10.
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WAPELLO COUNTY

BY HOWARD E. SIMPSON AND W. H. NORTON.

TOPOGRAPHY.

Wapello count.y lies about midway between the center and
the southeast corner of the state. Owing to the deep dissection of the Kansan till plain by the tributaries of Des Moines
river the surface is generally rough and irregular, the only
notable exc.e ption being in the northeast quart.er, where the
upland plain is but slightly rolling. This area is drained by
Cedar creek and its trioutaries into Skunk river. These master
streams conform to the general southeasterly trend of the more
important st.reams in the eastern part of the state. The Des
Moines enters at Eddyville, in the northwest corner of the
county, and leaves just below Eldon, in the southeast corner,
flowing the entire distance through a broad, deep valley of preglacial origin, on the floor of which it has developed a flood plain
a mile or two in width. The drainage is complet.e. The relief,
though broken, varies only from about 625 feet in ' the Des
Moines valley at its point of exit from the county to about 900
feet near the southwest corner.
GEOLOGY.

Save where remov,ed by stream erosion, t.he surface of the
entire county is covered with a fine light gray clay, in few
places more than a few feet thick, which is easily identifiable
with the southern loess. On the floors of the deeper stream valleys this loess is replaced by darker alluvial silts. 'These are
especially prominent on the bottoms of the Des Moines valley,
where they cover not only the present flood plain, knoWn as the
"bottom," but also form several terraces, the most conspicuous
of which is known as the" second bottom."
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Underneath the loess and resting unconformably on the
country rock is a thicker layer of Kansan drift, composed of
mixed clay, sand and gravel.
The country rock consists chiefly of Carboniferous shale, including some beds of sandstone and coal, and belongs to the
Des Moines stage of the Pennsylvanian series. (See PI. X, p.
448.) In the deeper valleys in the northeast corner of the county,
and in the Des Moines valley for more than half the distance
across the county, the streams have cut through the Pennsylvanian shales and sandstones to the Saint Louis limestone of
the Mississippian series. Below the upper limestones of the
Saint Louis a soft sandstone, belonging t.o the same division
and popularly known in this region as the. "white water sand
rock," occurs in a few places. All the strata have a very slight
southern dip, and in working for coal gentle folds and a few
small faults have been noted.
UNDERGROUND W MER.
SOURCE.

Water in Wapello county is obtained from the alluvium, the
drift, the Des Moines stage, the Saint Louis limestone, and from
deeper rock. Each is an important source of water in some
localities, though the first three vary greatly in both quantity
and quality. The only distinct water province is that formed by
alluvial deposits of the Des Moines valley and its chief tributaries.
In the belt of alluvium half a mile to two miles wide lying
along the Des Moines river yalley floor and in very much nar'rower strips in the lower ends of the tributary valleys bands or
belts occur, in which water may be found in sandy or gravelly
layers, usually within a few feet of the surface. Such water is
commonly obtained by means of drive points, though dug and
bored wells are numerous.
The most common source of water in the county is the drift.
Rarely ar,e any wells now found which secure a supply of water
from the loess, though in earlier years the sand near the base
of the deeper portions of loess yielded a supply sufficient for
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the scanty needs of the pioneer. The drift wells are generally
dug or bored to 20 to 30 feet, though some reach 120 to 130 feet
before striking abundant water. The shallower wells find a
meager supply in sand pockets and small veins in the bowlder
clay. The most prolific source is, however, in a heavy layer of
sand and gravel at or near the base of the drift. This layer,
when found directly overlying the shale, is in some places
cemented into a ferruginous conglomerate and is so similar to
the Aftonian gravel as to suggest an older drift sheet.
The drift waters, when uncontaminated, are of good quality
and, being comparatively easy of access and comparatively free
from deleterious mineral matter, are generally used for domestic purposes. Most of them contain carbonate of lime, and
occasionally a ferruginous precipitate forms in them when they
are exposed to the air, but neither of these is particularly
baneful.
In villages and in the vicinity of the coal mines these shallow
waters are subject to pollution and should be used with caution . .
The quantity supplied from the gravel bed at the base of the
drift is in some places sufficient for all demands of even large
stock farms, but generally the drift wells are insufficient except
for household use or for small farm supplies. Large open wells
must be dug to increase inflow, and to form suitable storage
reservoirs, or the drill must be resorted to and a rock well be
tried.
The Des ' Moines stage (or Lower Coal Measures, as it is
p.opularly called) is composed chiefly of shales with a few beds
of sandst.one and coal. The shales are of no value as water
bearers, since they are v·e ry impermeable and therefore comparatively dry. Water is commonly found in the coal beds, but
it is not potable, owing to the abundance of iron and sulphur
compounds it carries in solution, this being characteristic of
most of the waters of this stage. Some sandstone lenses are
. so free from mineral as to afford satisfactory supplies, but these
are local and uncertain.
Many of the best farm wells of the northern and western portions of the county penetrate the Coal Measures and enter the
Saint Louis limestone, the upper part of which consists of a
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compact, even-bedded white limestone 20 to 30 feet thick, with
cherty and marly layers. In some wells a good supply of hard
water is found in the joints, and in the underlying calcareous
sandstone of the Saint Louis, known as the' 'white water sand
rock," a supply of goqd hard water is obtained in quantities
sufficient for all wells for stock. This water is rarely mineralized,
and it will probably prove to be the most satisfactory source in
the county. It is not much used except in the northwest corner
on account of the depth at which it lies and the expense of
drilling to i~.
W"?atever !doubt may exist as to the proper correlation of the
deePfr sandstones there is fortunately no doubt as to the abun~
dan~ istore .0£ water in the upper of the two. It supplies the wells
of the OttJuwa Iron Works and the first well drilled by the
Morrell Company, whose initial flow is reported at 800 gallons
per minute with a 55/s-inch bore through the water bed. The
Young Men's Christian Association well did not reach this horizon if its depth is correctly reported. In the Morrell well No.
4 a small flow was obtained from 975 to 1,190 feet; when the well
pierced the lower strata of this aquifer from 1,190 to 1,240
(1,260~) a flow of 1,100 gallons was tested.
DISTRIBUTION.

At Larson (formerly Marysville) bored wells draw their supply from the sand and gravel layers of the drift at depths
ranging from 20 to 40 feet, though at one point a mile south
of the village a drift well 130 feet deep is reported.
A typical deep dri«J.ed well is reported by J. P. Hawthorne,
two miles southeast of Larson. 'T his well penetrates about 100
feet of drift and at 200 feet found a strong water-bearing sandstone. ' The water tastes of sulphur, but is a good stock water,
yielding strongly to windmill with only slight lowering below
the 30-foot level. It probably draws from a sandstone lens in
the Des Moines stage.
One of the deepest stock wells of the county is on the farm of
N orman Reese, four miles south and two miles east of Lar~on.
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The record as reporte.d by A. G. Leonard is given to show the
relations of the drift, the Des Moines stage and the Saint Louis
limestone.
Recore! of weZZ of Norman Reese.

1ThlCkness. j Depth .
Feet

Drift clay ______________________________________________________________________ _
Sand _____________________________________________________________________ _

8
15
80

"Soapstone"

_________________ 4 _______________________________ .. ______________ _
Shale, gray ___________________________________________________________
_

"Soapstone"

________________ ... __________________________________________________ _

20

Shale, black, carbonaceous __________________________________________________ _
Ooal _____________________________________________________________________________ _
Shale, blue ______________________________________________________- _______ _
"Soapstone"

.Feet
60

7

81

15

____________________ ... _________________________________ --______ _

10 to 15

Shale ______________________________________________________ -____________________ _
"Soapstone" ______________________________________________________ -----_______ _
Shale, black ______________________________________________________ -------------Limestone (Saint Louis) alternating with thin, blue layers of "sandstone" ___ _

8

60
68
78

lOB

128
185

1~
153~

Itl7
175

10 to 14

188

182

288
470

100

The record shows the characteristic sand horizon at the base
of a 60-foot layer of drift. No sandstone lenses are reported
in the Des Moines stage (Ooal Me,a sures), of which 222 feet
were penetrated; the Mississippian was entered to a depth of
182 feet.
Highland wells about Dahlonega are chiefly bored and dug
in the drift from 20 to 40 feet. The well of George D. Robertson (section 19) is typical. It is 40 feet deep and four feet in
diameter and does not reach bedrock. The water enters from
sand at 18 feet and stands .o rdinarily about 10 feet below the
surface, but in dry weather may be pumped out by the windmill. The best drift aquifer evidently lies very deep here, for
in several places in the northeastern part of the township the
heavy sand layer at the base of the drift is reached only at 120
feet.
On the farm of F. J. Remir, two miles northeast of Dahlonega,
several wells indicate two quite persistent water beds. The
composite s·ection follows:
Record of wells on farm of F. J. RemJir, near DaMonega.

I

I
2- B
I Feet
OIay, yellow, and loess with llght colored s8nd..____________________________
IG-12
12-15
~!~~, ~~~Ckgr:~~t~-~~~;__~~:::::::::::::::::::::::::::::.._:::::::=--=I______~~~____~~=~
Thickness. Depth.

son ____________________________________________________________________

2- 8
Feet
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Temporary hillside springs not uncommonly issue from the
sand at the base of the loess.
A few wells are drilled into rock. Among these the most
noted is that at the Oounty Farm in the SE. % sec. 32, Highland township (T'. 73 N., R. 13 W.), 462 f,eet in depth, which
reached limestone of the Saint Louis at 200 feet and its waterbearing sandstone at about 230 feet. The head is very low,
standing about 200 feet below the surface and requiring a gasoline engine and force pump.
The J. Haines farm well, a mile southwest of the village of
Kirkville, draws its supply from the Saint Louis at a depth of
177 feet. A strong flow of water was procured in sandstone of
the Des Moines stage at a depth of 110' feet, though caving prevented its utilization. The average well about Kirkville is 2()
to 40 feet in drift, though wells are drilled deeper on stock
farms.
Shallow drift wells are common in the vicinity of Eddyville
and many in the valley utilize the sand and gravel underneath
the alluvium. Good rock wells are, however, more common than
in any other part of the county, owing to the proximity to the
surface of the sandstone of the Saint Louis, the best water bed
of this region. The limestone of the Saint Louis is quarried in
the bluffs a mile south of Eddyville and the sandstone is exposed immediately underneath.
Among these rock wells may be mentioned that of A. J. Gardiner on the upland (SW. % sec. 19, T. 73 N., R. 15 W.), 220 feet
in depth, which enters the rock at 55 feet and the sandstone at
214. The well of G. F. Glass, three miles southeast of Eddyville ·on the riv·e r bottom, enters rock at 25 feet and the sand
rock at 50 feet, the total depth being 75 feet. The O. H. Leander
well, three miles north of Dudley, 185 feet deep, reached Ooal
Measures at 24 feet and the sandstone of the Saint Louis at
157, after passing but sev,en feet of limestone. The well of
George Stevens, two miles no'r thwest of Dudley, is 205 feet in
depth; that of James Harris, 1% miles southwest of Kirkville,
is 177 feet; and that of Joe Johnson, 2% miles south of Eddyville on the river bluff, is but 120 feet.
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One of the most interesting wells in this vicinity is -that of
Stephen Lewis, just south of Eddyville (section 7, Columbia
township). It is a characteristic blowing well. As stormy
weather approaches the water becomes roily and the well rumbles and roars with a rush of air which jars and rattles the
pump. Although the water is derived from the sandstone of the
, Saint Louis at a depth of 80 feet, the' air apparently issues from
the limestone at a depth of perhaps 60 feet. The well was
drilled in 1903, and at that time the phenomenon was most pronounced, but it has gradually decreased since.
A. J. Leonard, two miles northeast of Munterville, (section
9, Polk) , reports water at a depth of 124 feet, beneath 24 feet
of limestone. Another well 1% miles east of Munterville
reached the Saint Louis at 210 feet and penetrated it 20 feet,
when an abundant supply was found. Near Blakesville the
limestone was struck at a depth of 360 feet. A well in the NW.
1,4 sec. 27, Green township, reached the Saint Louis at 350 feet
and its water-bearing sandstone at 370 feet.
Owing to the thickness of the drift, the slight probability of
securing satisfactory water in the Coal Measures, and the depth
to the Saint Louis, few wiells have been drilled in the southeastern part of the county. In the vicinity of Agency some
bored wells reach a depth of 100 feet or over, though d-epths of
20 to 35 feet are most common. A small flowing well was secured in the SE. 1,4 sec. 24, Agency township, the flow coming
from the Des Moines stage at 44 feet.
CITY AND VILLAGE SUPPLIES.

Eddyville.-Eddyville is 676 feet above sea level and wells
there should find the same artesian waters as at Ottumwa, but
at great.er depths. 'T he water-bearing sandstone found at 417
f~et below sea level at Ottumwa was presumably the Saint Peter
and should be found at Eddyville at about 550 feet below
sea level or about 1,225 feet below the surface. The
logs of the 'Ottumwa wells are conflicting and no set of drillings
has ever been preserved. It is possible that the lower sandstone
is the Saint Peter, and this would be found at Eddyville at
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about 1,375 feet from the surface. It is quite probable that a
well 1,500 feet deep would suffice for the town, but mor,e copious
flows can be had by drilling deeper, the supply increasing to
2,000 feet at least.
The static' level is such as to bring the water to the surface
with a probable pressure of 20 pounds. In quality it should be
a good potable water of the sodic-magnesio sulphated class, provided that the upper waters of the Carboniferous and Silurian
are cas-ed out. In all probability gypsum or anhydrite will be
'found in the Silurian, and water-tight casing should be driven
to the Galena.
Eldon.-The location of Eldon (elevation, 630 feet) in the
Des Moines valley gives it an elevation so' low that artesian
water will he found within moderate distance of the surface and
will rise to the curb under a good pressure. The Des Moines
valley extends here approximately along the line of strike of the
strata, and the Ordovician dome of southeastern Iowa causes
a slight rise toward the southeast, the dip from Keokuk to Ottumwa measured on the Saint Peter being 1.6 feet to the mile.
At this rate the water bed suppos·ed to be the Saint Peter at
Ottumwa (PI. X) would be encountered at Eldon at 400 feet
below sea level, or about 1,030 feet below the surface; but the
absenoe of complete and reliable data both at Ottumwa and at
Keokuk makes accurate estimates impossible. Above the supposed Saint Peter, water may be expected in the limestones of
the Devonian and Silurian; below the Saint Peter, for several
hundred feet, the flow should be largely increased from creviced
and porous dolomitic beds and intercalated sandstones.
If the upper Mississippian waters are cased out the well
should supply a potable water of fair quality of the sodic-magnesic sulphated class. Sodium sulphate may be the chief mineral in solution, but some sodium chloride, or common salt, will
also be found. The pressur·e of the water at the ourb may reach
20 to 25 pounds.
Ottumwa.-The public water-supply franchise for Ottumwa
(population, 22,012) was granted to the Public Water Company
in December, 1903, for a period of 25 years. The water was
formerly drawn from a power canal leading from Des Moines
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riv,e r opposite Turkey Island down past the main pump house
in the city, 11;2 miles below. Dams across the two channels of
t.he river connec.ted with a levee divert the water into the canal.
and this still furnishes the greater part of the pow~r necessary
to operate the plant.
The water is now obtained in part from a well 20 feet in
diameter and 25 feet deep, sunk on the island just abov'e the
levee. An infiltration gallery, 250 feet long and seven by eight
feet in cross section leads into the well. As this supply is inadequate the additional amount necessary is taken direct from the
river through an eight-inch intake pipe.
A pumping station at the well on the island is equipped with
two ,electrically driven pumps, each having a capacity of 5,000,000 gallons a day, which force the water against a head of 44
pounds through the two 24-inch pipes leading to the main pumping station. T'o avoid danger of accident during high water
these pumps are set in a steel tank 18 feet square and 15 feet
deep, the top being well above high-water level, and the suction
of both connected with a header through whtch the water may be
drawn from the well, the river, the sedimentation basin, or all
of them.
The main pumping plant is in a modern fireproof station, 67
by 90 feet. Water and steam are both provided for power, the
former through the canal, which operates five turbines under a
head of 7lj2 feet. These furnish sufficient power for most of
the year. Four horizontal boilers supply the steam power.
Two Wiater-power pumps, one having a capacity of 2,000,000 and
the other of 3,000,000 gallons, are connected with a 125-horsepower Corliss engine in such a way that they may be operated
by steam if necessary. There is also a steam turbine pump
having a capacity of 5,000,000 gallons. Two electric generators,
one driven by water and the other by steam, generate the current needed to operate the pumps on Turkey Island and the
pumps at the auxiliary station at the reservoir and light the
company's buildings.
The city is built on two leve'ls, the business district being on
the" second bottom" of Des Moines river and the modern residential district on the bluffs, about 180 feet above. It there-
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fore requires two waterworks systems. The lower level is supplied with water under a head of 210 feet, from a reservoir of
2,000,000 gallons capacity, receiving its supply directly from the
pumps of the main station. The higher part of the city is supplied with water under the same head by a motor-driven pump
located at the reservoirs.
Two standpipes, each 56 feet in height and six feet in diameter, located on the 24-inch' mains, one at either pumping station, regulat'e the flow in the pipes and give head to operate an
old series of Jewell filters when the condition of the riv'e r water
is such as to necessitate its being filtered.
A new sedimentation basin at the island station and a clearwater reservoir at the near,e r station are contemplated at an
early date.
On the "second bottom" of Des Moines river, a terrace about
20 feet abo've low water, driven wells have generally replaced
the older open dug wells. These average between 15 'and 20
feet in depth between Main Street and the river and have a
maximum of about 30 feet in the vicinity of the fair ground.
The water occurs in alluvial sand so fine that ordinary screens
are of no use, and 60 to 120 gauze is required with large exposure. .
Between Main Street and the foot of the bluffs bored wells
fitted with six-inch drain tiles are common. The fineness of the
alluvial silt and sand causes the water to be somewhat roily.
On the bluff dug wells are still used though the supply there Is
from the drift and is meager and of poor quality. Oisterns are
frequently used for domestic supply.
A spring worthy of mention is that of William Wheaton in
the northeast portion of the city, from which 75 to 100 barrels
per day flow. The water is stored in a tank by means of wind
and gas engines an,d sold for household use throughout the
dty.
On the south side of the river practically all the wells are
driven, the only exceptions being in the west end where the
sandstone of the Saint Louis is found within 15 or 20 feet of the
surface and is occasionally utilized; the well of B. A. Williams
1

'Eng . Record, vol. 53, 1906, No. 18, p . 430. Fire and Water Eng., Feb. 8, 1906, p. M.
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entler.s it to a depth of 80 feet. :rhe average well is about 24
feet in depth. The water-bearing sand is here overlain by 10 to
12 feet .of yellow clay and is generally coarser than on the north
side. The water is generally good though hard, and is inexhaustible. After a time the point is coated over with sand
cemented into a conglomerate with lime and iron. The fact that
. but a few feet of loamy clay separates the city from its water
supply makes this sand a questionable source of supply.
'T he Wabash Railroad Company uses for boiler supply a battery of 17 driven wells which reach the rock. The water is
pumped into a 30,000-gallon tank, from which about 10,000 gallons a day are used without €ver running short. Though somewhat hard, the thin scale which forms breaks easily and the
water does not cause foaming.
Similar results are obtained at the Dain Manufacturing Company's plant, where all of the "\Vater used comes from the
alluvial sands. In the open heater a slight yellow iron precipitate is formed and a thin flaky scale forms. The water stands
10 to 12 feet below the surface.
The country rock at Ottumwa is the Des Moines. (See PI. X,
p.448.) For the nature and thickness of the deeper formations
dependence must be placed entirely on the identifications of the
drillers' logs, in the absence of any drillings from any of the
welts. In a number of important points these logs are in substantial agreement, and correlations may be made with considerable assurance. But the real natures of several strata and
their places in the geologic column remain in doubt because of
the total lack of direct lithologic evidence.
After passing through thin superficial deposits the drill penetr'a tes the 'rapidly alternating limestones, cherts, shales, and
s'andstones of the Saint Louis limest'one ,and the Osage stage.
'rhe shales of the Kinderbook ' ar,e reached at about 200 feet
above sea level and apparently extend to about 40 feet above sea
level or even lower. Leaving the Kinderhook, the drill passes
into a complex of limestones with more less shales interbedded
at different horizons, the whole attaining a thickness of 300 to
375 feet. The lower 125 to 150 feet of this complex is described
by one log as "limestone," as "caving rock" by a second, and
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as '" shale"
a third. The drill next encounters a sandy limestone from 75 to 125 feet thick. As at least some of the drillers
seem to have had wide experience, and as they speak of the
arenaceous dolomites of the Prairie du Chien stage in the same
terms it is quite probable that it is here a true arenaceous limestone rather than a limestone which crushes under the drill into
crystalline sand. All logs agree that this sandy limestone rests
on a water-bearing sandstone from 75 to 100 feet thick, whose
top may be reckoned at about 430 feet below sea level by an
average of probabilities, although variously placed in the logs.
Below this lies 100 feet of limestone from which the drill passes
into 20 feet of green shale overlying a white sandstone 40 feet
thick whose summit stands at about 630 feet below sea level.
Either the' first or the second of these sandstones is the
Saint Peter, but which of the two it is must be left in doubt,
although the question could be settled at once by inspection of
cuttings if these had been preserved. Favoring the theory that
the lower sandstone is the Saint Peter is the fact that it is called
a white sandstone and that. it is overlain by a shale definitely
stated to be green. We seem to have here the assocation of the
Saint Peter sandstone and the green shale of the Platteville
found in all near-by deep wells, as indeed it is found in almost all
the deep wells of the state. The fact that no shale is reported
overlying the upper sandstone favors this reference. 'T he upper sandstone and the sandy limestone which rests upon it,
then, fall to the Silurian and may be taken as the equivalent of .
the water-bearing Silurian sandstones found at Centerville and
Washington and certified at these two stations by cuttings of
the strata.
Bearing against this reference is the thinness of the beds intervening between the two sandstones, which must represent
the entire thickness of the Maquoketa, Galena, and Platteville.
At Centerville these beds are about 290 feet thick, at Washington about 450, and at Pella upward of 500 feet thick, and at
Ottumwa the logs allow for them only about 120 feet. (See PI.
X, p. 448.) The fact that the Maquoketa is absent from the section, as no shale underlies the upper sandstone, is not decisive;
since it is also absent at Centerville, although present in force
at points north and west of Ottumwa.
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If the upper sandstone is assumed to be the Saint P eter, the
shale reported in one well at from 137 to 307 feet below tide
must be referred to the Maquoketa, but as this rests ' directly
upon the "sandy limestone" and as less than 150 feet intervenp.
between the shale and the sandstone the same difficulty recurs as
to the thinning out of the Galena and Platteville.
If it be assumed that the lower of the two sandstones is the
Saint Peter, the drill at about 1,300 feet passes out of it into
the Prairie. du Ohien stage, with perhaps still lower terranes
undistinguished from it with the evidence at hand, the whole
forming a complex of limestones, sandy limestones, and sandstones extending, according to the logs, to the bottom of the
deepest well, 1,562 feet below sea level. The description of
these strata as given in the Ottumwa well logs is altogether
similar to that given of the Prairie du Ohien wherever found.
In a general way the Prairie du Ohien at Ottumwa tames with
the beds below the Saint Peter at Oenterville. From 800 to
1,250 feet below sea level thes,e. beds are generous in their yield .

The Ottumwa Iron Works well is 1,150 feet deep and six ,
inches in diameter; casing to 600 feet packed with lead at bottom. 'The curb is 648 f.eet above sea level. The o,r iginal head
was 50 feet above curb; the present head is above curb. Water
comes from 1,040 feet. T'e mperature, 62' F. The well was
('ompleted in 1888, at a cost of $3,000.
This well has shown loss of pressure. It still overflows and
is used to supply water-closets at the works. The lessened
flow is attributed to defective packing and to the loss in th~
well of a smaller pipe that was being inserted. The. sinking of
other wells has not affected the discharge. The strata penetrated are said to be mostly limestone to the waber bed at 1,040
feet, and below that sandstone.
The Artesian W ell Oompany well No.1 has a depth of 2,047
feet and a diameter of eight inches; cased to 1,200 feet. The
curb is about 648 feet above sea level. The original head was
108 feet above curb by pressure; the present head is 103 feet
above curb. The original and present flow is about 700 gallons,
per minute. Water comes from 1,015 feet. The temperature is
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variously reported as 70' F. and 67' F. Date of completion,
1889. In 1904 the well was repaired by recasing to 30 feet
below the curb, where a leakage was found to occur.
Driller's log

01

Artesian Weli Oompany well No.1 at Ottumwa.

IThIckness. IDepth .
Loam ________________________________________ _________________________________ •
LImestone ___________________________________________________________ _
Shale _________________________________________________________________________ _
Sandstone ______________________________________________________________ _
LImestone _________________________________________________________________ _
Shale ________________________________________________________________________ _
Sandstone, runty _____________________________________________________________ _
Sandstone __________________________________________________________________ _
LImestone ___________________________________________________________________ _
Shale _______________________________________________________________________ _
LImestone _________________________________________________________________________ _
LImestone, mixed wIth sand___________________________________________________ _
Sandstone, whIte __________________________________________________________ _
Shale and Jimestoneo______________________________________________________ _
Slate _________________________________________________________________ _
LImestone __________________________________________________________________ _
LImestone, water bearIng ____________________________________________________ _
~

Feet

21
21
14
SO
60
19
41
SO

Feet

21

42
66
86
146

165
206
286

195

481

SSO
96
110

9n

160

200
19
819
S82

591

1,067
1,177
1,877
1,896
l,n!>
2,IM7

The Artesian Well Oompany well No. 2 is 1,552 feet deep and
eight inches in diameter; cased to 1,200 feet; packed down 100
feet with concrete. 'The curb is about 948 feet above sea level
and the head about 76 feet abo;ve curb. The flow is about 300
gallons a minute, the water coming from 1,250 feet. Temperature, 70' F. The well was completed in 1897 by J. F. Ke~rnS',
of Ottumwa.
The Young Men's Ohristian Association building well is 800
feet deep. 'T he curb is about 648 feet above sea level and the
head, by pressure, nine feet above curb. The flow is 33 gallons
a minute; temperature, 65' F. The well is used to supply a
swimming pool and baths.
The packing house well No. 1 of John Morrell & Oompan)(Ltd.) has a~ depth of 1,110 feet. The curb is 643 feet above '
sea level. 'T'he first flow came in at 280 feet, and increased at
710 feet, the main flow being struck at 1,015 feet. The well was
completed in 1888. It was reamed out in 1892 by the original
drillers, J. P. Miller & Oompany, to a diameter of 12 inches to
19 feet, 8 inches to 518 feet, and 5% inches to bottom. The flow
was then 800 gallons a minute. The pumping capacity in 1908
. was 207 gallons a minute. The head in 1895 was 35 feet above
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curb; in 1896, 32 feet above curb. The loss of flow was gradual
and was attributed to filling with sediment. No r,e pairs have
been made since 1892.
Driller's log of packing-house well No.1 of John Morrell ~ Company, Ottumwa.
Depth
in feet.
Surface _____ -- -___ __ __ __ __ ________ ____ ____ __________ __ __ __ _______ __ __ ______ ____ __ ______ _________
80
SI a te _________________________________________ ______ ____ ________ ______ __ __ __ __ __ __ ____ _________
100
Slate and lim e________________________________________________________________________________
110
Lime a nd sand________________________________________________________________________________
215
So lid Ii m e __ ___ ____ __ __ __ __ __ ____ ______ __ __ __ ____ __ _________________ __ ______ __ __ ______ ______ __ _
255
Water flowed _________________________________________________________________________________
280
L! m e ___ __ __ __ __ __ __ __ ____ ______ ____ ______ ____ __ __ __ __ __ __ __ ________ __ __ __ __ __ ________ __ __ __ __ __ _
312
Lime and streaks of sand_________________________________________________________________
330
Lim e ___ ____ __ __ ____ __ __ __ __ __________ ____ ______ __ __ __ __ ____ ______ __ __ ____ ____ ___ _____ ____ __ _____
360
Sh al e _______ ______ __ __ __ __ ______ __ ____ ________ __ __ __ __ ___ __ __ __ ___ ___ ____ ______ ____ __ __ __ __ __ ___
440
~o lid ro ck ___ -- __ -- -- -- -- ---_____ -___ -_____ -------__ -- -- ---___ -_____-___ ______ _____ _____ __ __ ___
625
Flow i u cr eased ___________________________________ __ L______ __ __ __ ____ ________________________
710
~_

__

~:~g~:g~:, _~_~~~_~ ~_~~~!~~ __-_~~~~~~~~~~~-_~~~~~~~~~-_~~_:_~~~~-_~~~~~~~~~_:..~~~~__~~~~~~~~~~~~~:- 1~'~~

Packing-house well No.2 of John Morrell & Company (Ltd.)
. has a depth of 1,554 feet and a diameter of 10 inches to 25 f'eet,
9% inches to 97-feet, 8 inches to 540 feet, 6 inches to 994 feet,
5 inches to 1,320 feet, and 4 inches to bottom; casing, from surface to 25 feet, from 437 to 540 feet, from 842 to 994 feet, from
1,244 to 1;320 feet. The curb is 643 feet above sea level. The
original head was 57 feet above curb; the head in 1893, 49 feet
above curb. The original flow was 1,000 gallons a minute, and
the tested capacity in 1908, 214 gallons a minute. Repairs none.
Loss attributed to filling with sediment. 'T he water comes from
1,085 feet. Temperature, 64° F. The well was completed in
1892 by J. P. Miller & Company, of Chicago.
Driller' s log of packing-house well No.2 of John Morrell

~

Company, at Ottum'l.OO.

I

Thlckness· 1 Depth.

Surface ____ ________________ __ ___ __________ ____ __ _________ _________ _________________ _
Limestone ________________________________________________________________________ _
Shale ____________________________________ __ _____________ _____ ______________________ _
Limestone ___________________________________________________________________________
oaving rock _____ ____ _______ _________________________________________ ______________ _
Sandy limestone __ ___________________________________________________________ ___ __ _
Shale _____________________________________________________________________________ _
Limestone ____________________ _______________________________._________ _____________ _
Oavlng rock _____________________________________________________________________ _
Limestone ____________________________________ --__________________________________ _
Sandstone ___ __ _______ ___ ____________________________ __ ____________ ____________ ____ _
Limestone _____________ ______ ______________________________________________________ _
Sandstone _____________ ____________________________________________ ________________ _
Shale and sand ______________________________________ _______________________________ _
Limestone ________________________________________________________________ _____ ____ _
Sandstone _____ _________ ________ ______________________ ______________________________ _
Sandy limestone ___ __ ______ _________ __ ______________ ____ ____________ ______________ _
~

~

Feet

Feet
17
8
71

8H
90
150
35

17

25

96

440
530

680

UO

715
855

65
65

1,115

70
170

1,225
1,240
1,310
1,480

180

110
15
50

2.

985

1,050

1,580
1,554
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Packing-house well No.3 of John Morrell & Company (Ltd.)
bas a depth of 1,702 feet and a diameter of '10 to 6% inches;
casing, 8 inches from surface to 1,360 feet, later, 10 inches from
surface to 76 feet, 1,360 to 1,702 feet uncased. The curb is 643
feet above sea level and the original head was 50 feet above
curb. 'T he original flow was 1,500 gallons a minute; pumping
capacity in 1908, 244 gallons a minute. Repairs none. Temperature, 67° F. The well was completed in 1898 by J. P.
Kearns, of Forrestville, R Y. It was first bored to 1,702 feet
with a diameter of ,eight inches below 425 feet. As some trouble
was experienced with caving rock from 1,210 to 1,360 feet,
and as the well yielded only 900 gallons a minute, it was reamed
to 10 inches to a depth of 1,360 feet and an eight-inch pipe inserted to this depth, when the discharge was increased to 1,500
gallons a minute.
Packing-house well No.4 of John Morrell & Company (Ltd.)
has a depth of 2,205 feet and a diameter _of 12 to ·6% inches;
easing to 1,310 feet; with hemp packer. The curb is 643 feet
above sea leveL The head, in 1905, was 46 feet above curb. 'T he
original flow was 1,450 gallons a minute; tested capacity in 1908,
1,500 gallons a minute. A small flow came in at 1,190 feet; a flow
of 1,100 gallons, tested, at 1,260 feet, and of 1,450 gallons, tested,
at 1,896 feet; all rocks were water bearing between 1,451 and
1,896 feet, no increase at 2,205 feet. Temperature, 70° F.
The well was completed in 1905, by J. P. Miller & Company, of
. Chicago.
Driller's loga Of packing-house well No.4 of John Morrell c£ Oompany. at
Ottumwa.
aLog below 1,240 feet sent 'b y driller to the survey.
company. probably from the log of another driller.

Log above this depth supplied by th~

IThickness ,IDepth.
Surface _________________ ____________ __________________ __ ___ _____ _____ ___ ____ _____ __ _.
Small stone and rock __________ _______________________________________ ______ ______ _
Limestone and shale, mlxed __ __ __________ ________________________ __ ____________ _
Shale and limestone_________ ____ __________ _______________ __________ __ ______________ _
Limestone, solid ______________________________________________________ ____________ _
Streaks of shale and stone __________ ______________________________________________ _
Limestone __ ________________ _____________________________________________________ _
Shale _____________________________________________________ _____ _________________ _
Sandy limestone ___________________________________________________________________ _
Sandstone and limestone, small t1ow___ _________________________________________ _
Water rock (1,100 glillons t1ow) _______________________________________________ ~----

47

Feet

22~
63~

Feet

22~ .

96

S34

430

205

635

35
'50
60

170

125

115

50

67C
721

78
950
1,075
1,19'.
1,24>'
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Driller's log oj packing-house well No.4 oj John Morl'ell & Company, at
Ottumwa.-Concluded .

I Thickness I Depth

~~!~~;:~~e~~~~_~;;;;:~=:::::::~_:::=:~~=::::=:~~:=:::==-:::::::=::=
Limestone, with streaks ot shale___________________________________________ _
~f~~~~~~:, _:~_:~_:::=:::::::==::::::::=:::::=::::::::::::::::::=_-_=:::::::
Sandstone
____________________________________________________________ _
Limestone ____________________________________________________________ _
Sand or sandy lfmestone__________ _______________"_______________ _
Limestone with crevlces ________________________________________________ _
Sandstone, white _________________________________________________ _
Limestone with streaks ot sandstone ________________________________ _
~

t::~:~~~:, ________________________________________________ _
Limestone
Sandstone, whlte _______________________________________"___________________ _
Limestone, sandy, with crevices ___________________________________________ _
Limestone __ _______________________________________________ _
Limestone, sandy, or hard sandstone____________________________________ _
Limestone ___________________________________________________________ _
Limestone, ________________________________________________
sandy, or hard sandstone________________________________ __
Sandstone

-iiiiidy-::::::::::::::::::=::-_=:=:::=::::::::=_-::::::::

Limestone, h ard _______________________________________________________ _
Sandstone, with streaks ot lfmestone_______________________________ _
Same
as above,
thicker streaks (15 to 20 teet) ___________________ __
hard but
__________________________________________________
Limestone,
Limestone, sandy ______________________________________________ _

20
16
88
11
5
25

1,260
1,276
1,814
1,825
1,880

10

1,855
1,865
1,428
1,451

57
10

1,565
1,622
1,632

58
28
84
58
22

88

15
65

1 , 485
1,548

1,665
1,680

46

1,746
1,790
1,885
1,850

19
129

1,877
1,896
2,025
2,098

45
15
27
73
62

SO

15

2,150
2,190
2,205

WELL DATA.

The following table gives data of typical wells in Wapello
county:
Typical wells 01 Wapello Oounty.

...

"
0

Location

Own er

miles east of
John Curtis _____
Eddyville.
James Harris ___ I! miles southwest of Kirkville.
George Stevens _ 2 miles northwest
of Dudley.
o. H . Leander __ 3 miles north of
Dudley.
Joe Johnson ---- 2~ miles south of
Eddyville.
s. H. Lamls _____ 2! miles east of
EddyvflJe.
A. J. Gardlner__ 3~ miles south of
Eddyville.
J. P. Hawthorne 2 miles south of
Farson.
G. F. dIass _____ 3 miles southeast
of Eddyville.
8~

"

:e
'"
A'"
165
177
205
185
120
80

220
217
75

.£

:e
A''"
"

'"

0

Source of
supply

91 Sandstone (Saint
Louis).
9 ---- do ---------

a;

.0
",.0

Remarks

",,,
do..

:tI"

100 Hard water .
125

20 ---- do -------- _______ A good well .
40 ---- do -------- -------- Good soft water
16 Sandstone (Des
60 Good water.
Moines?) .
25 Sandstone (Saint
40 A blowing well"
Louis).
55 Sandstone (Des ------ Hard water.
Moines).
100 ____ do --------110 "Sulphur talte."
25 Sandstone (Saint
. Louis).

8
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WASHINGTON COUNTY

BY W. H. NORTON.

TOPOGRAPHY.

Washington county is situated in the third row of counties
north of the Missouri line and in the second west of the Mississippi river. Its relief is due almost wholly to the dissection of
an ancient plain of glacial drift molded by a continental glacier
to a well-nigh flat and even surface. The rivers of the area
have cut their valleys in this once continuous upland to depths
of 175 feet and more. Bordering the larger streams the country is "broken" into a succession of ridges and closely spaced
ravines. The interstream areas, however, are still largely uncarved by any sharp or well-marked channels and form tabular
divides traversed by shallow swales that mark the beginnings of
the tributary streams. The area may thus be divided into flat uplands called "prairies," and slopes, called "breaks," where
somewhat rugged. Iowa river forms part of the eastern boundary of the county, but as it saps the right-hand valley bluffs
its bottom lands lie outside the county limits. Skunk river
flows over a wide alluvial floor. English river has developed
a flood plain 11h miles wide for nearly six miles from the
western county line.
GEOLOGY.

Washington county lies wholly within the area of outcrop
of the Mississippian series, of which the Kinderhook stage, the
Osage stage, and the Saint Louis limestone are exposed to view.
The lowest stage, the Kinderhook, includes heavy shales overlain by earthy magnesian limestones and gritstones, the total
thickness being estimated at 200 feet. Upon the Kinderhook
rests the Osage stage, made up of massive, coarsely crystalline
limestones. In the southern and southwestern parts of the
county the Osage is overlain by the Saint Louis limestone, con-

740

UNDERGR,OUND WATER RESOURCES OF IOWA

sisting of limestones, shale, and sandstones. Some of the limestone is a breccia; that is, it is composed of angular fragments
cemented together. Small isolated patches of Coal Measures
are also found in this county-outliers of the coal fields of the
Des Moines stage. (See PIs. X, p. 448, XIV, p. 660.)
The Pleistocene of Washington county includes but two drift
sheets. Immediately upon the country rock lies the Nebraskan.
drift sheet-a tough, hard, dark blue stony clay, in many places
containing small fragments of coal and bits of wood, and in
some places at its base glacial gravels. Directly upon the Nebraskan' or separated from it by stratified sands ,and gravels
and in a few places by an old soil or forest beds-interglacial
deposits known as the Aftonian-lies the Kansan drift sheet.
This stony clay is normally blue in color, but is oxidized and
turned yellow for a considerable distance below its surface.
Upon the Kansan lies the loess-a thin, yellow, or gray gritless
silt or dust deposit, which ,e verywhere mantles the uplands of
the county. The av,e rage depth of the Pleistocene over the
county probably exceeds 100 feet.
UNDERGROUND WAIl'ER.
SOURCE AND DISTRIBUTION.

The water-bearing beds of Washington county consist of the
alluvial sands and gravels of the flood plains of the rivers, the
glacial sands and gravels of the Pleistocene, and the limestones
of the Mississippian. The first named are limited to portions
of the Valleys of Skunk and English rivers and their larger
affiuents.The second forms a province as wide as the entire
county. The third" or Mississippian, also includes all the <:!ounty
with the exception of a deep buried river channel extending
from northwest to southeast through the town of Washington,
and hence designated the Washington channel. Along the line
of this ancient river valley the limestones have been cut away
to great depth and water is sought and found in glacial sands.
On the flat uplands grolmd water stands high, and house wells
and wells adequate for small farms with little live stock may
be obtained in many places within 50 feet of the surface.
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A soft gray silt, underlying the yellow loess and attaining in
places a thickness of 15 feet, supplies many shallow wells. A
second water bed, consisting of streaks of reddish sand and
gravel varying in thickness from two to three feet up to 20 and
even 30 feet underlies the y;ellow pebbly clay of the area. A
portion of this sand is often cemented to "hardpan"; .and a
good roof of ha.rdpan overlying water-bearing sand and gravel
may be reckoned as distinct good fortune to the well maker.
A third water bed is found in layers of .reddish sand and
gravel underlying the blue pebbly clay of the drift (either the
Nebraskan or the unaltered Kansan) and resting on the country rock. This sand is said by drillers to be thin a.nd seldom
supplies water in adequate amount.
Washington channel supplies many deep wells from its buried
sands. In the town well of Washington a large amount of water
was struck at 235 feet in these san~s, and ' a number of .farm
wells tap them at depths exceeding 200 feet.
The chief water beds of the county are those of the bedrock.
The upper rock lay;ers broken by preglacial weathering into
spalls, called" shelly rock" by drillers, constitute a ' waterway
of much importance.
The limestone of the. Osage stage, which is found immediately
underlYing the drift over the larger part of the county yields
copious supplies from porous layers and from seams separating
massive beds. Some drillers report that the cherts and flinty
beds interleaved with the limestones of the Osage are especially reliable as water carriers. Water-bearing crevices, where
the drill drops a foot or more, are said not to be uncommon in
this easily soluble limeston.e.
Water may also be found in the Saint Louis limestone which
forms the country rock over the southwestern part of the county..
The thick shales of the Kinderhook stage will be found dry.
When they are reached without obtaining a sufficient supply of
water the question of going deeper should be carefully consid-.
ered. If this is decided against, the well may be shot with nitroglycerin at the top of the shale, the well having been filled up
to this height if the drilling has been continued below it. · ·The
well of Mr. L. Stout, in Brighton township, reached a depth of
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425 feet, having been sunk 215 feet in the Kinderhook. The
well was then plugged at the top of the shal~ and shot with
nitroglycerin, the flow being trebled in amount by the operation. In case this he·roic treament is not successful, the only
course remaining is to abandon the drill hole and drill again in
some other place, since torpedoing a well makes it impossible
to sink it deeper.
Some notes may be added as to ,conditions in dif:(erent townships. In Brighton township wells about :Verdi ar~ from 80
to 120 feet in depth and draw their water from a blue flinty limestone with some streaks of shale which may be ref,e rred to the
Osage. In Marion township a highly mineralized corrosive
water is found in drift sands and gravels, rock not being
reached. In West Franklin, Duck Creek and Seventy Six townships wells find the rock usually at about 100 feet, and obtain
water in the" shelly rock'" immediately beneath the drift. In
the latter township, however, a strip of "deep country" extends
from the Keokuk county line for five or six mHes on the north
side of Crooked creek and parallel with it. There rock is said
to lie from 200 to 400 feet from the surface and most wells are
, 'sand wells."
CITY AND VILLAGE SUPPLIES.

Ainsworth.-At Ainsworth (population, 408) the waterworks
a.re owned by the town. Distribution is made by compress,ed air
under a pressure of 65 pounds. 'T here are three-fourths of a
mile of mains, seven fire hydrants and 60 taps. The capacity
of the system is 12,000 gallons daily and the consumption is but
4,000 gallons.
Washington.-The town of Washington (population, 4,489)
draws its supply from deep wells. The consumption per diem
is 200,000 gallons. The domestic pressure is 47 pounds and the
fire pressure from 90 to 100 pounds 'T her,e are 9 miles of mains,
73 fire hydrants, and 600 taps. The waterworks are the property of the city.
City well No. 1 has a depth of 1,611 feet and a diameter of
10 to 41;2 inches; casing, l(}..inch to 244 feet, 614 -inch to 461 feet,
51;2-inch from 563 to 818 feet, 41;2-inch from 1,400 to 1,468 feet.

/

UNDERGROUND WATERS OF THE SOUTHEASTERN DISTRICT

743

The original head was 44 feet below curb; head in 1896, 54 feet
below curb; head in 1907, 133 feet below curb. The wen is now
pumped with air lift; capacity, 95 gallons per minute. The temperature is variously reported as 72° and 74° F. The well was
completed in 1891 by J. P. Miller & Company of Chicago.
City well No.2 (PIs. X, XIV) has a depth of 1,217 feet and a
diameter of 12 to 6 inches. The head is 58 feet below curb. Water was found at 300 feet, but was cased out, the present supply
coming from 1,105 feet; capacity, 62 gallons per minute. The
well was completed in 1897 by O. G. Wilson.
City well No.3 ha,s a depth of 1,808 feet; casing, 14 inches to
256 feet, 10 inches to 610 feet, and 8 inches to 1,470 feet. The
curb is 738 feet above sea level; the initial head was 100 feet below the curb; head in 1911, 70 feet below curb. The capacity
under compressed air is 300 gallons per minute. The water
(Jomes chiefly from 1,808 feet. The well was completed in 1908
by C. B. Brant of Indianapolis, Indiana., at a cost ·o f $10,000.
Water levels in Washington (Jit1/ well No.3 while wen was being drWed.

Geologic division

Head
Depth below
curb

I I

500
DevonIan _________________________________________ ._________________________________ Feet
SIlurIan _______________________________________________________________________________
563
SaInt Peter sandstone______________________ ______ ._____________________________ 1,215
New RIchmond
sandstone________________________
Jordan
sandstone
_________________________________________________________________
.__________________________ 1,365
1,670
SaInt Lawrence formatIon ________________________ .____________________________ 1,808

Description

01

strata

01

cit1/ well No.3 at Washington.

Depth
in feet
Quaternary (235 feet thick; top, 738 feet above sea level)__________
235
Carboniferous (Mississippian?):
Sandstone,
reddish
buff; microscopic angular grains;
flint of buff
sameand
color
_____________________________________________
242
Carboniferous (Mississippian):
Kinderhook stage (198 feet thick; top, 503 feet above sea
level)Shale, light blue, plastic, grltless_________________ _____________
265
Shale, hard, brownish drab, fissile ______________________ _____
360
Shale.
green-gray, calcareous; in rounded chips;
washhard,
ed _____________________________________________________________
385
Devonian (101 feet thIck; toP. 305 feet above sea level):
Silurian (29 fe e t thick; top, 304 feet above sea level):
Dolomite, light buff; siliceous, with microscopic quartzose
particles, and cherty, with white calciferous sandstone;
grains
imperfectly
rounded; chips_________________________
show microscopic
quartz flne,
crystals
_____________________________
Dolomite, dark drab mottled; light gray, pyrltlferous,
slightly quartzose residue; with white chert; some quartz,

534

Feet
200
120
110
95
80
~8
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Ord ovt:~ a~~o v e --- ------ ---------- -- ------ ------- ------ -- -- -- -- -- ---- ------ --Maquoketa shale (147 feet thick; top, 175 feet above sea
level)Shale,
light
green, plastic; noncalcareous; in molded_
masses
____________________________________________________________
563
Shale, drab. hard. noncalcareous _____________________________ _
816
Shale. green, hard, noncalcareous __________________________
620
Galena dolomite to Platteville limestone (398 feet thick; top,
28 feet above sea l evel)_
Dolomite, dark brown, granular crystalline, argillaceous,
of Galena facies; a nd yellow, earthy; three samples __- 710-790
Limeston
e, light
gray;
rapid ______________________________________
effervescence; cherty; seven 900-980
samples
___ _______
____________
Limestone, light drab and yellow-gray; wIth brown, and
hi ghly inflammable shale _____________________________________ _ 1,030
Shale; as above; with light brown and gray limestone ____ _ 1,037
Shale, hard, g r een; and limestone as above _______________ _ 1,043
Limestone,
yellow-gray
and brown; rapid etrervescence; light
four samples
_____________________________________
1, 050 -1, 085
Dolomite, brown, hard, crystalline _____________________________ _
Shale, hard, green, fissile; and sandstone; white rolled
noncalcareous grains; larger grains about 0_8 millimeter diameter (in log of earlier well this horizon is
given as s a ndstone 2 feet. arenaceous shale 16 feet)____ 1,090
Saint Peter sandstone (103 feet thick; top, 370 feet below sea
level)Sandstone , white; well rounded grains, larger up to
1 millimeter diameter; two samples ______________________1,1l5-1,1l7
Sandstone, fine; grains Imperfectly rounded, rusted,
native color, white; seven samples _____ __ ________________ 1, 150-1, 208
Prairie du Chien stageShakopee dolomite (142 feet thick; top, 473 _ feet below
sea level)Shale, light green; in hard molded masses; some
quartz sand ____________________________________________':.______ 1,211
Dolomite, gray, cherty; some oolitic, highly arenaceous chert; drillings largely sand; grains reach 1
millimeter in diameter; two sampl es ________________1, 215-1, 230
Dolomite, light yellow -gray, crystalline; considerable
quartz sand and green shale___________________ _____ ______ 1,235
Dolomite,
gray-buff,
arenaceous;
some chips show 1,250
embedded
grains _______________
__ ___________________________
Dolomite, light gray, arenaceous; some embedded
grains; some sand ___________________________________ _______ 1,280
Sandstone; as at 1,165 feet; sample mlsplaced___________ _ 1,310
Dolomite,
arenaceous; some sand and
bedded light
grainsdrab,
________________________________________
____em____ 1,320
New Richmond sandstone (27 feet thick; top, 615 feet below sea level)Sandstone, white; grains Imperfectly rounded, secondary
larger grains ____
of ____________
0.8 millimeter
dl
am enlargements;
e ter ____________ ____________________
-_____ _ 1,360
Dolomite, pink; considerable quartz sand In drilllngs __ 1,370
Sandstone; as a t 1,360 feet; cherty; some OOlitic chert __ 1,380
Oneota dolomite (210 feet thick; top, 642 feet below sea
l evel)Dolomite,
pink ___________________________________________________
and buff; a large part of drlllings 1,390
quartz sand
Doloml te, light gray-buff _____________________ ___ ____________ 1,415
Chert,
white;
large
chips, ____
some
oolitic; __
two
samples
_______In________
_______________
_________________
1, 420-1, 425
Dolomite, light gray, clean of sand; and whitish, pink
and pIes
brown;
with siliceous oolite In places; two
sam
_____________________________________________________
I, 445 -I, 590
Cambrian:
Jordan sandstone (150 feet thick; top, 852 feet below sea
level)Sandstone,
fine;
' grains imperfectly rounded; two
samples white,
_______ ____
______________________________________________
1, 595-1, 600
Sandstone,
larger grains reach 1 and 1.2 millimeters 1,612
diameterwhite;
___________________________________________________________
Sandstone, fine, whi te______________________________________________ 1,620
Sandstone, white, hard; In chips and detached grains ;
secondary enlargements; two samples ___________________1, 626-1, 650
Dolomite, gray; much sand_______________________________________ 1,670
Sandstone, white, fine _____________________ ,__ ____________ _________ 1,705
Sandstone; as above; and light gray dolomlte______________ 1,780
Saint Lawrence formation (68 feet penetrated; top, 1,002 feet
below sea level)Dolomite,
light ___________________________________________________
gray and whitish; drusy pyrite. at 1,745;
two samples
1, 745-1, 770
Dolomi te, light plnk________________ __ _____________ __ _____________ __ I, BOB
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Driller's log of city w~ll No.3 at. WIlshington.

1ThICkness. / Depth .
Subsoil, white and blue clay_____________________________________________________ .
Quicksand _________________________________________________________________________ _
OIay, blue ________________________________________________________________________ _
Quicksand __________________________________________________________________________ _
OIay, blue __ c______ _________________________________________________ ________________ _
Quicksand _______________ ___________________________________________________________ _
Shale, white _____________________________________________ ____ ____________________ _
Shale, brown ______________________________________________________________________ _
Shale, blue ________________________________________________________________________ _
Limestone, hrown __ ___________________________-------------- ____________________ _
Limestone , gray ____________________________ ______________________________________ _
Limestone, brown ________________________________________________________________ _
Limestone, gray ___________________________________________________________________ _
Shale, hlue ________________ __ ____ __________ _______________ _________________________ _
Shale, hrown _______________________________________________________________________ _
Shale, blue ____________________________ _______________________ ___ ___________________ _
Shale, brown, sandy _____________________________________________________________ _
Shale, blue _________________________________________________________________________ _
Limestone, brown, shelly _________________________________________________________ _
Limestone, brown, hard _____________ __ ______________________ ____ _________________ _
Limestone, gray ________________________________________________________ _.. _________ _
Limestone, brown, hard ___________________________________________________________ _
Limestone, gray __________________________________________________________________ _
Limestone, blue, and sandstone _______________________________________ _________ _ _
Sandstone, white, hard __________________ ________________________________ ________ _
Shale, blue ________________________________________________________________________ _
Limestone, red, shelly, h ard _______________________________________________________ _
Limestone, gray, hard __________________________________________________________ _
Sandstone, white, sofL ________ __ ____ ______________________________________________ _
Limestone, red ____________________________________________________________________
Sandstone, white, soft_________________________________________________________ _
Limestone, gray _________________________ _________________________________________ _
Limestone, gray, soft___________________________________________________________ _
Limestone, white, hard ___________________________________________________________ _
Sandstone, white, soft__________________ __ ________________________________________ _
Limestone, gray, hard ________________________________________ ___ _______________ _
Sandstone, white, soft ____________________________________________________________ _
Limestone, gray, hard ________________________________________________ ____________ _
Limestone, pink, hard _________________ ____________________________ ________________ _
~

Feet

65

l!'eet

5

35
12
118

7
118
25

235
242

860
885

50

435

40

475
527

52
7
29
42

15
80

85

28
27

10

228
22

40

584
568

605
620
700
785
768

790

800
1,028

1,050
1,090

18
108
4

1,211

123

1,353
1,865

5

1,380

20
80
110
80
30

1;400
1,480
1,590

15

12
10

40

63

5

R ecord of strata of a well drilled in Wa.shington previous to 1888 (PIs. X, p.
XIV, p. 660).
Adapted from report' by Calvin: Am. Geologist, Vol. I, 1888, pp. 28-81.
Depth
in feet
Pleistocene (350 fe e t thick; top, 738 f eet above sea level):
Sand, gravel, blue clay; forest bed with p eat y matte r and
cones of Abies nigra at 115 feeL ________________________________ _
115
Carboniferous (Mississippian):
Kinderhook stage (108 feet thick; top, 388 feet above sea
l evei) Shales, dark; in part calcareous; samples to _____________ _
432
Devonian (74 feet thick; top, 280 feet above sea lev el):
Limestones and shales; at 458 feet, limestoI].e light colored,
magnsian; with fragm ents of Atrypa reticula ris Linn
and Athyris vittata. Hall; samples to _________________________ _
500
Silurian (170 feet thick; top, 206 feet above sea level):
Sandstone;
calciferous
at
532 fe e t; purer at 585 feet; continuIn g to ____ _ ___________________________ _______________________ - ---- ----632
Ordovician:
Maquoketa shale (101 feet thick; top, 36 feet above sea lolvel)Shale; bluish or greenish, some with sand; some with
calcareous matter; samples continuing to _______________ _
793
Galena and Platteville limeston es (297 feet thick; top, 65
feet
below
sea
l
eveI)Limestone, grayish; samples ___________ ___ __ _____ ________ ______ 803-963
Limestone and dark, fine-grained, carbonaceous shale____ 1,020
Limestone ; facies of PIa tteville____________________________ _____ _ 1,059
~

65

'1'0

105
117

l,lOB

1,215
1,230

1,375

1,670
1,700
1,740
1,803
1,808

448,
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San ds t on e - __ ________ ________ ______ _______ ________ __ __ __ __ __ ______ __ ___ 1, 082
Shale, arenaceous ______________________________________ ________ 1, 084-1,095
Saint Peter sandstone (128 feet thick; toP . 362 feet below sea
level)Sandstone, pure white, granular; resembling refined
sugar; some drUI1ngs changed to reddish or brownish
by atmosphere and moisture; samples from _______1, 100-1,200
Shale, bluish
----------______________________________________ ____ _
1,228
Prairie du Chien stageShakopee dolomite (2 feet penetrated; toP. 490 feet below
sea leveI)Sandstone, gray _________________________________________________ 1,230

. Wellman.-The public supply of Wellman (population, 724)
is drawn from eight 3-inch wells 70 feet deep, located 50 feet
apart and joined to a single steam pump. Their combined yield
more than equals the capacity of the pump-225 gallons per
minute. The two best wells yield 149 gallons per minute and
one ·of these alone can supply 80 gallons. The wells are situated about ten feet abov,e' the level of Smith creek and head
four inches below the curb. Rock was here reached at 30 feet
from the surface. Water is distributed from a tank, whose
capacity is 3,500 gallons, through more than a mile of mains.
There are 12 fire hydrants and 54 taps. The domestic pressure
is 60 pounds and the fire pressure 100 pounds. The dally consumptiDn is 6,500 gallons. The works are the property of the
town.
Minor supplies.-The water supplies of minor villages are described in the following table:
Minor village supplies in Washington Oounty.

...

-:0'"

Town

<:
.E

Nature of supply
.Cl

Head above or
bel ow curb

.E
:£1

II;

"8

0.,

::ca=5

''""

"'.0

"''''
A

'"
A'"

~~

Feet

Feet

Feet

Feet

A

Crawfordsville _____ Dug, bored and drilled wells ____
Haskins __________ • Bored weJls _________________ _____
Nlra _____________ Wells __________________________ _
Rubio ______________ Driven, bored and drilled weJls __
Riverside ___________ Open wells _________ __ ___________ _
West Chester _____ Dug wells ______________________ _

:£1""

."I

15-140 -------- 60-100
20-150
100
55
20- 62 -------- ----30-190 -------50
25
18- 55 -------18- 50 ------85

-10

I

.,
"''''
~?:

"':::

Feet

-20

-6

------------

-so

-1lO to-60
-30

+6
--=20- ------------10
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WELL DATA

The following table gives data of typical wells in Washington
county:
Typical well8 in Washington County.

Remarks:
(Logs giveu in fe et)

Location

Owner

T. 77 N .• R. 9 W.

(Part of Lime
Creek).

George G. Sigler__ SW . t NW .

a sec.

_ _ Carris _____ NW. i ·sec. 32________
miles south of
Nira.
____________________ 1 mile south of Nlra
____________________

1~

I

Feet Feet
25

92

168

180
90

Diameter. 2~ inches.
Water also in sand at 60 feet;
discharge ~ gallon per minute .
Heads 2 feet above curb.
140 Sandstone_
179 ____________ Ends In shale.
78 Limestone_ Valley.

89 ____________ Creek bottom.

Flowing well;

now failing.
T. 76 N .• R. 9 W.

(Seventy·Slx).
O. K. Stoutner___
'- _ Stamp ____
__________________
- - Tallman __
P . H . Tallman___

- - Mickle _____
D. Monroe _____
D. Fisher _______
D. Fisher _____
_____________

Charles Kreger ___
A. S. Tuft _____
William Stoutner_
___________

Northeast of Keota_ ______ ]00 _________ .-.
Northeast of Keots_ ______ 125 __________ __
SE. 1 sec 18__________ 450 __________________ "Depth of drift. 450 feet."
SW. 1 sec. 17_________ 450 ______ ____________
Do.
Sec. 19 ______________ 551
_____ _ • ____ Joint and dark brown clay. 60;
sand, 10; clay, 70; rock, ~;
clay, yellow and brown, and
changeable mixed with some
gravel, 60; shale light gray,
grltless, with a !Jed of bluish
rock 30 feet thick, and bed of
rock In the middle, 250; sul.
phur, very hard, 4; rock, softer, to 551 feet; where water
was struck; water salty and
laxative.
SW. i sec. 84_________ 186 100 ___________ _
SE. i sec. 35__________ 118
SE. i sec. 27__________ 270
~~
Heads 70 feet below curb.
NE . i sec. 27________ 130 114 ____ do ____ Same level as preceding well.
Heads 30 feet below curb.
miles southwest of 330 _________________ No rock except a shell of soap.
at 100. No water.
stone
Lexington.
________ _
NW. 1 sec. 81________ 130 105
75 ___________ _
SW. i sec. 30______
90
SW. i sec. 5_________ 160 120 Limestone..
2 miles southwest of 100 100 __________ Plenty of water in shell rock.
Lexington.

j;imeStone:

2~

T. 75 N .. R. 9 W.

(Part of Dutch
Oreek).
Ourtis Wells _____ S.
sec. 12_________ _ 140
James Brlnnlng___ NW. i sec. 35______ _ 220
W. Horning ____ About 2 miles south· 230
west of Grace Hm.
~

B Engle ______ About 1 mne south· 130
west13 of_______________
Grace Hm. ______
W. W . Wells _____ Sec.

130
80 ::::::::::::: Drift, limestone; shale; lime·
stone. Heads 90 feet below
curb.
100
220
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,Typical wells in Washington Oounty-Continued .

...

Location

Owner

.d

C.
<l>

A

T. 76 N., R. 8

w.1

8'"
.B
:5

"<l>
A

<>

Remarks:
(LogS given in feet)

",»
~Q.

0'"
0 0

00'"

Feet Feet

(Cedar, part of l
Frankll.D) •
D. Monroe ______ NW. it sec. 3L________
- - McCurdy __ NE. 11 sec. 3L________

90 ______ GraveL ___ _
162
161 ___________ _

T. 75 N., R. 8 W.
(P arts 01 Frank·

lin and Wash·
ington).
Charles GUY _____ SW. ~ sec. 6__________________________________ Drift, 190.
Alexander Honk __ 3 miles west of Wash· ______ 110 ___________ _
ington.
T. 75 N., R. 7 W.

(Part of Wash·
ington).
County Farm ____ Sec. 7 ________________

John Graham ____
T. 74 N., R. 8 W.

n

miles east
Washington .

236 __________________ Wood and seeds at 236; below

of ______

(Brighton; part
of Marion).
L. Stout _________ Sec. 22 ______ _________

425

T. 74 N., R. 7 W .

250 ___________ _

blue clay.

20 Limestonc_ Foot of bluff, Skunk river bottoms; clay, 20; limestone, 190;
shale, 215.

(Part of Ma·
rion).
William Hamilton Sec: 6 _______________ _ 150 ______ Sand and Upland. Red clay, 30; bastard
Gravel.
shale, a blue clay with few if
any pebbles, 100; sand and
gravel, 20.

T. 76 N., R. 7 W.

(Jackson).

George Foster ___ Sec. 23 --------- ------ 313 ______ Sand ______ Ends in sand under 200 feet of
soft blue clay.
____________________ Sec. 26 - ---------- ---- ---___ 125 ____________ Same altitude and place as preceding.
T. 75 N., R. 6 W.

(Oreg6n).
Livery stable ___ _ Ainsworth - ________________ _
C. Pearsons _____ 2 miles south of- _____ _
Ainsworth.
T.74N.,R.9W .
(Glay; ·part of
DutCh C'reek.).
John Fleig _______ Richland
168
Henry Lewers ____ NW. 11

se~.

3________ _

240

50 ____________ 20
11~

___________ _

feet above railway station.

37 Limestone_ Water in rock at 165. Heads
120 feet below curb.
160 ____________ Heads 100 feet below curb.

UNDERGROUND WATERS OF THE NORTH-CENTRAL DISTRICT

749

CHAPTER XI.

UNDERGROUND WATERS OF THE NORTH-CENTRAL
DISTRICT.
INTRODUCTION

BY W. H. NORTON.

The north-central district comprises the eleven counties of
Butler, Cerro Gordo, Floyd, Franklin, Hancock, Humboldt, Kossuth, Mitchell, Winnebago, Worth and Wright. The predominant dip of the Paleozoic strata is southward. (See Pl. VII, p.
324.) In the northern part of the area the strata dip gently
toward the east, the axis of the trough lying apparently in
Floyd county. In Floyd and Butler counties a strong southwestward dip is evident. The gradient of the Saint Peter
southwest from Osage to Fort Dodge is about 9.5 feet per mile
and from Mason City south to Hampton is nearly 20 feet per
mile.
The rocks immediately underlying the drift in Mitchell,
Worth, and Floyd and most of Butler and Cerro Gordo counties
are Devonian; in the remainder of the area, except in
western Kossuth county, where Cretace oilS formations appear,
the rocks are Mississippian.
The geologic and artesian conditions in the eastern half of
the area are fairly well known through the records of wells at
Osage (PI. VII, p. 324), Charles City, Mason City (Pl. V, p. 280),
and Hampton; but in the western half the only well reaching
the Paleozoic sandstones is that at Algona, and of this well
practically nothing is known.
The Paleozoic rocks thin rapidly toward the west and north,
and some of the formations probably disappear. Thus, a.t Emmetsburg, a few miles beyond the western boundary of the area,
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from the bottom of the Cretaceous to the top of a rock called
granite by the drillers, is but 632 feet. (See PI. XVI, p. 814.)
If the .Algonkia.n or Archean rocks were really reached at this
depth, the entire Paleozoic is here comprised within little more
than 600 feet, though at Des Moines it exceeds 3,000 feet; if the
bottom of the well is in dolomite, as the drillings indicate, and
. this belongs to the Prairie du Chien ·s tage, the .same narrow limit
is set to a body of rock which in eastern and central Iowa ranges
. in thickness from 1,700 to 2,000 feet. "
Pennsylvanian rocks appear only in a few townships of Humboldt county. The Niagaran is probably present only in greatly
attenuated beds, and the Devonian may thin out before it
reaches Kossuth county. The Maquoketa may persist throughout the area, and the Galena and Platteville probably underlie
it all, although they seem to become increasingly shaly toward
the west. If the deeper sandstones have been correctly correlated, the Saint Peter maintains a thickness of about 100 feet
to the extreme northern and western boundaries of the areaa fact of prime importance in the matter of artesian s~pplies.
In the eastern counties the divisions of the Prairie du Chien
Rtage are well marked, and the Jordan, Saint Lawrence, and
Dresbach formations are also distinguishable. In the southwestern counties the dolomites of the Prairie du Chien stage
may become increasingly arenaceous and give place in part to
sandstones.
If the Minnesota ·well records are correctly interpreted, the
Saint Peter sandstone should be found in the northern tier
of counties at about 600 feet above sea level, and in the southern tier, along the south line of Wright and Franklin counties,
at about 300 feet below sea level. Thus, it is so near the surface that its waters, together with those of the limestones and
sandstones immediately below, can be exploited at no very
great expense over the entire area with fair chances of success.
Wells carried 400 or 500 feet below the base of the Saint Peter
will in most places tap the water beds of the Prairie du Chien
and Jordan or their western equivalents, and should reach
the shales of the Saint Lawrence formation. It will hardly be
advisable to drill through thes:e shales to the Dresbach sandstone.
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The red clastic beds (Algonkian ~) found in Minnesota may
occur also in this area, but as these beds yield little water their
exploitation is hardly more warranted than is that of granite
or quartzite.
The artesian waters of this area are of high grade. (See
pp. 164-167, 171-173.)

BUTLER COUNTY

BY MELVIN F. AREY.

TOPOGRAPHY.

In Butler county the soil is everywhere fertile and tillable
and agriculture is the principal occupation. There is no large
eity in this county, but there are eight or nine towns and villages, with population ranging from 400 to about 1,150. With
two exceptions, Allison and Bristow, which are on the prairie
level, the towns are in the valleys of the principal streams.
The area is crossed from the north and west by three tributaries of Cedar river. Shell Rock river traverses the northeast
portion for a distance of 20 miles or more, its drainage area
comprising about three-eighths of the county. West Fork of
Cedar, draining an equal area, flows in a somewhat more easterly course through the south-central part of the. Munty for
more than 30 miles. The rest of the county, embracing principally the south row of townships, is drained to Beaver creek.
These streams and their larger tributaries, with two or three
minor exceptions, have broad flood plains of alluvium, which
eonstitute fully one-third of the area of the county.
Between West Fork of Cedar and the Beaver is a ridge of
Kansan drift, which begins in the southern part of Madison
township (T. 91 N., R. 18 W.) and the northern part of Washjngton township (T. 90 N., R. 18 W.), and extends to nearly
the central part of Monroe township (T. 90 N., R. 17 W.). An-
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other ridge begins in the west-central part ·of Albion township
(T. 90 N., R. 16 W .) and extends east on t.hrough Beaver township (T. 90 N., R. 15 W.), reaching its maximum height about
80 feet above the valley of the Beaver, not far from New Hartford. There is also a beautiful cluster of wood-crowned hills
of Kansan drift in sections 26, 27, and 35, Madis'on township.
The Iowan drift plain is 10 to 15 f eet above the valleys of the
smaller streams and 30 to 40 feet above the valleys of the larger
streams. The natural drainage is better developed than in
most counties where Iowan drift prevails.
GEOLOGY.

Throughout the north and east portions of the county, comprising three-fourths of its entire area, the drift rests on the
Oedar Valley limestone of the Middle Devonian series (PI.
VII, p. 324) ; in nearly three-fourths of the remainder it lies on
the Lime Oreek shale of the Upper Devonian; in scarcely more
than one township in the southwest corner is it shown by outcrops to rest on the Kinderhook stage of the Mississippian
Heries.
The Oedar Valley limestone in this county shows at the top a
layer characterized by thin plates with conchoidal surfaces.
Predominantly and characteristically, however, it consists of
an inferior lithographic rock which ' is much jointed, shows
numerous thin clay partings, anq usually yields no water. At
the base of the lithographic layers is a soft, earthy limestone
which shows water-worn channels of con.siderable size.
The outcrops of the Lime Oreek shale, so far as observed in
the county, belong chiefly to its upper heds, described by Oalvin
as the Owen substage,' the lower part (Hackberry substage of
Calvin) being seen in but one locality. The upper beds in the
main are readily pervious to water, as are the sandstone and
much-jointed limestone of the Kinderhook stage.
'Ann. Rept. Iowa' Geol. Survey, vol. 7, 1897, pp . 162·166 .
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UNDERGROUND WATER.
SOURCE.

Water is obtained from the Buchanan gravel, from the sandstone of the Kinderhook stage, from the base of the upper
division. of the Lime Creek shale (Owen substage of Calvin),
from the shelly rock layers of the Cedar Valley limestone, and
from the earthy limestone just below the lithographic beds ,of
the Cedar Valley limestone.
DISTRIBUTION.

I

In the part of the county northeast of the valley of the Shell
Rock, and including all of Fremont and the northeast halves of
Butler and Dayton townships, the drift is everywhere thin and
rock reaches the surface in many places_ Several kettle holes
and small ponds occur along the northern border. Little trustworthy information concerning the wells of· this district could
be obtained, but a drilled well in the north half of Fremont
(sec. 22, T_ 93 N_, R 15 W.), which was completed in 1904, is
believed to be typical. The well is five inches in diameter and
87 feet deep and ends in soft limestone underlying the lithographic beds. The water is medium hard and plentifuL
Log 01 well in Fremont townshi4J.
MaterIal.

son and drift (Iowan). followed by gravel (Buchanan)_________________________
Olay. yellow. and shelly stone__________________________________________
LImestone (Oedar Vaney); some clay partlngs____________________________

IT~ICkness.

[ Depth_

Feet

Feet

7
20
60

7
27
87

In the valley of Shell Rock river, a tract about 20 miles long
and two to three miles wide, the wells range in depth from 10
to 30 feet, are dug or driven, and obtain an abundance of good
water in the Buchanan gravel, which everywhere and to an unusual depth underlies the alluvium. The towns of Greene,
Clarksville, and Shell Rock are in this district. Part of Greene
is on an elevated bench where the wells are about '50 feet deep,
48
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but the weps in the plain have an average depth of 25 feet and
are mostly driven. Greene has a public well located one-half
mile north of the railroad station, on top of a gravel ridge 30
feet or more above the river plain; this well is wholly in sand
and gravel and is 25 feet deep; water stands in it constantly to
a depth of 10 or 12 feet. At Clarksville many wells enter the
shelly rock about five feet, although many stop in the gravel.
At Shell Rock, at a point where rock is found in the river bed,
wells are drilled to a depth of 50 . to 80 feet, 50 to 60 feet being
in rock, and the water is hard as compared with that in the
driven wells in the southeast part of the town, which are 20 to
30 feet deep. The water is of excellent quality.
In the northeastern part of the elevated Iowan plain lying
between the Shell Rock and West Fork of Cedar the drift is
thin, but in the southwestern part it ranges from 100 t·o 200 feet.
The wells on this upland range in depth from 65 to 207 feet.
'rhe shallower wells end in drift, the deeper penetrate rock to
distances ranging from 15 to 140 feet.
In West Point township (sec. 32, T. 92 N., R. 17 W.) a well
200 feet deep is 40 feet in rock; water is plentiful but hard.
Most wells in this vicinity are 160 to 180 feet deep. In east
half of section 22, same township, a well 80 feet deep -tvholly
in drift, yields good water in abundance.
In Bennezette township in the NE. ~ sec. 19, T. 93 N., R. 18
W., is a well 207 feet deep. The owner reported 60 feet of drift,
39 feet of loose rock, and bottom of well in solid rock. The loose
rock is believed to belong to the upper division of the Lime
Creek shale. The owner reports a little water in this material.
A part lof the material below this is believed to belong to the
lower division of the Lime Creek shale, the well ending in Cedar
Valley limestone. Another well one-half mile south, gives good
water at a depth of 189 feet. Another a mile north is but 75
feet deep.
In Pittsford township, in the NE. 14 sec. 5, T. 92 N., R. 18
W., is a well 106 feet deep, the lowest six feet of which is in loose
rock, believed to be the Cedar Valley limestone. At Dumont
driven wells ' find water at 15 to 50 feet. Rock occurs at 60 feet
in the town, but on a hill to the north the drift is 95 feet deep.
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On the alluvial plain of West Fork of Cedar river is a tract 2 to

31h ,o r 4 miles wide and about 30 miles long, on which water is
obtained by driven or dug wells ranging in depth from 10 to 30
feet, the differences being due largely to the great thickness of
the Buchanan gravel, any part of which ordinarily yields water.
'The western end of the upland region between the plain of
the West Fork of Cedar and that of Beaver creek is wide and
is more varied in elevation and character than are other parts
of the county. This district narrows toward ~ the east until it
is occupied almost exclusively by the Kansan morainic hills_
Accurate data for wells in the western part were not generally
obtained, but it is reported that mos,t wells in this region are
shallow and end in graveL Two miles north of Austinville, in
sec. 10, T. 90 N., R. 18 W., a well 40 feet deep, three feet in limestone of the Kinderhook stage, yields a plentiful supply of hard
water. A broad valley of a tributary of the Beaver shares with
the latter the most of the northern area of Monroe township (T.
90 N., R. 17 W.) in which the wells are all driven and shallow.
In the eastern third of this district the ridge of loess-crowned
Kansan drift hills dominates the topography almost wholly.
Wells in this area range in depth from 55 to 190 feet and most
of them end in graveL
Near the center of section 27, Beaver township, a drilled well,
101 feet deep, penetrates rock to an unknown extent. In the '
NW. 1M section 27 a drilled well 'on top of a hill 70 feet above
the creek valley is 190 feet deep and obtains a plentiful supply
of water in grave!" beneath blue clay. In section 15 a drilled
well 122 feet deep passes 10 feet into limestone.
The alluvial plain of Beaver creek is narrower than the other
valley plains but is in other respects similar, except that in the
first two or three miles of the course of the creek through the
southwest corner of the county it is much constricted by steep
stony bluffs which are held up by limestone of the Kinderhook
stage. Most of the wells in this valley are driv~n to depths of
10 to 16 feet. The deeper gravels are more heavily stained with
iron and give to the water a taste so disagreeable .that many
prefer the shallower wells. New Hartford, Parkersburg, Aplington and Austinville, towns on the Illinois Central railroad,
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are situated wholly or in part in this valley, and obtain their
water supply largely from the gravels just below the alluvium.
In the narrow strip of upland south of Beaver creek water is
obtained by drilled or driven wells.
In the southeast part of Parkersburg, at an elevation of 30 or
40 feet above the railroad station, a well 142 feet deep ends in
gravel just above the rock. In South Parkersburg a drilled
well gives the following section:
Section of arilZea well in South Parkersburg.

IThlckness·1 Depth.
Drift ___________________________________________________________________ _
Limestone; water bearing, but not sufficiently 50 _____________________________ _
Soapstone; described by driller as a greasy, solid clay_______________________ _
Limestone; 1Irm; water plentiful, good, but hard _______________________________ _

Feet
142

"Feet
142

28
87
5

170

257
262

No rock outcrops in this vicinity. The nearest exposure is a
limestone belonging to the upper division of the Lime Creek
shale (Owen substage of Calvin), three miles northeast. It is
believed that the limestone above the "soapstone" belongs to
this upper division and that the soapstone belongs to
the lower division of the Lime Creek shale (Hackberry substage
of Calvin). The limestone in which the well ends must be the
Cedar Valley limestone.
Three miles due west of Parkersburg a drilled well is 65 feet
deep, the last five feet being in rock, undoubtedly the upper
division of the Lime Creek shale.
In the east half of section 32, Washington township, a drilled
well 30 feet deep is 14 feet in rock. This well is in the Kinderhook area and the surface is at least 40 feet above the creek
level. 'T he water is somewhat iron-tainted. The nature of the
rock cou1..-\ not be ascertained.
SPRINGS.

Small springs are not uncommon in some portions of the
county, many having their source in the drift and issuing from
slopes where the interglacial gravels or sands chance to be exposed. A few springs issue from limestone or sandstone beds,
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exposed by stream erosion. Such a spring is in the SE. 1~ sec.
11, Pittsford township, near a quarry in the Cedar Valley limestone. Another is near the center of section 31, Washington
township. The r·ock is limestone of the Kinderhook stage. Yet
another spring is in the SW. 1~ sec. 28 of the same township.
The rock is sandstone of the Kinderhook stage. Sprmgs of
the type first mentioned are in the SW. 1~ sec. 29, Fremont
township, and in the NE. % sec. 11 and the SW. 1~ sec. 15, West
Point township. Several springs in Shell Rock township afford
water for the stock in the pastures. Annias Best, Clarksville,
obtains a good supply of excellent water from a hillside spring
piped to his buildings.
CITY AND VILLAGE SUPPLIES.

Allison.-Allison (population, 495) pumps its supply by gas
engine from an 8-inch well drilled to 180 feet, reaching rock at
40 feet. The water bed is limestone. The well was completed
in 1899. A deep well would probably reach the Saint Peter
sandstone at 1,000 feet (50 feet be19w sea level), and a well 1,100
feet deep should give a supply ample for the town.
Greene.-Greene (population, 1,150) pumps by steam from a
dug well 20 feet in diameter and 25 feet deep, all in sand and
gravel. 'T he well is walled with limestone. 'T he head is 10
feet below the curb and does not lower on pumping. The well
was completed in 1900.
New Hartford.-New Hartford (population, 482) obtains a
supply by windmill from a driven well 2% inches in diameter
and 28 feet deep, wholly in gravel. The curb is on a slope 10
feet above the river. The well was completed in 1896.
Shell Rock.-The town of Shell Rock (population, 741) obtains its supply from a dug well 10 feet in diameter and 15 feet
deep, five of which is in limestone. A force pump run by water
power is used. The water is used for washing and for stock.
There are 3'5 taps. The curb of the well is 10 feet above the
river level. It was completed in 1900.
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WELL DATA.

The following table gives data of typical wells in Butler
County:
Typidal well8

01

Butler Oounty.

=
a
Jjg
c

Owner

'0

Location

Elevation

0 f

curb

Diameter Depth

""

A

Feet
R. H. Stewart___ BrIstow; on Iowan drIft plaIn 1906 ____________________ _
ChIcago G rea t ___ do _______________________ 1906 ___________________ _
Western __________
Railway Dumont; on alluvIal plaln__________________________ _
PrIvate
Electric L I g h t. Parkersburg; In valley______ 1898 10 feet below rail·
Heat & Power
way statIon.
00.

Depth
to
rock

Owner

I

Source
of
supply

Oasing

Head
below
curb

Pumped by

Feet
Feet
Feet
S. H. Stewart___
48! Limcstone_
48.5
52 Hand _____________
Ohlcago G rea t
40 _______________________ Gasoline ________
Western
Railway
PrIvate ______________________________________________________
ElectrIc L I g h t.
U Llmcstonc_
20
76 Steam; Ben pump;
Heat & Power
lowers slightly.
00.

Incbes
5
10

Feet
122
800
11>-50

8

90

Use

DomestIc.
LocomotIves.
- ________________ _
General; 120 taps.
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CERRO GORDO COUNTY

BY O. E. MEINZER AND W. H. NORTON.

TOPOGRAPHY AND GEOLOGY.

Gerro Gordo county IS' divisible into two distinct topographic
provinces. An area nearly coextensive with the western tier of
townships shows a thick deposit of Wisconsin drift, typical
morainic topography, poor drainage, and numerous lakes,
ponds, and swamps; the rest of the county shows a much thinner layer of drift (Iowan) and a smoother topography. The
drainage system in the Iowan area is, however, well developed,
many of the streams having cut into the bedrock.
The formations exposed in the countr include glacial drift
(Wisconsin and older), Mississippian limestone, and Devonian
strata consisting of limestone at the top, shale in the middle,
and limestone at the base. The rock formations dip gently
toward the southwest; hence, if the drift were removed, they
would outcrop in parallel bands crossing the county with a
northwest-southeast trend. Thus the Devonian shale lies next
below the drift in a belt that extends through Mason City (PI.
V, p. 280); toward the southwest it passes beneath younger
strata of limestone, and farther northeast it is absent and the
underlying older Devonian strata are found immediately below
the drift.
UNDERGROUND WATER.
SOURCES.

Water is obtained from the glacial drift, the limestone above
the Devonian shale, the limestone immediately below the shale
and deeper limestone and sandstone formations. 'T he Wisconsin drift is so imperfectly drained that where it occurs the
ground-water table is near the surface and nearly all the porous
'Calvln, Samuel, Geology of Cerro Gordo County: Ann. Rept. Iowa Geol. Survey, vol. 7, 1897, pp. 144 et seq.
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beds are saturated. Many of the wells are very shallow, but
some draw from beds of sand and gravel at greater depths.
Where the Wisconsin drift sheet is absent (PI. III) the drift is
too thin and well drained to be a reliable aquifer. In the western
part of the county, the limestones above the Devonian shale will
furnish large supplies; but farther northeast, where the shale
is near the surface, these limestones fail as a source of water.
and the Devonian limestone that lies stratigraphically below
the shale constitutes the most important water bearer.
In the western tier of townships dug and b'o red wells are common but there are also numerous drilled wells, which either end
in drift or enter rock. Elsewhere in the county drilled wells
are the dominant type, and several have been sunk to considerable depths.
HEAD.

Water from the Galena dolomite and the Saint Peter sand~
stone rises at Mason City to a little over 1,100 feet above the
sea, which is slightly above river level at that point, but 140
feet below Clear Lake, 130 feet below Burchinal, and 90 feet
below Thornton. Drilling by the municipality and by the Chicago,
Milwaukee & St. Paul Railway at Mason City seems to show
tha t the water in the still deeper sandstones is under less head.
In the west, the water from the limestone immediately underlying the drift will probably rise considerably higher than 1,100
feet above sea level, but if a deep well were drilled the head.
'would probably be lowered as greater depths would be reached.
In the relatively low area at the east base of the high morainic
belt, the water from drift and from the limestone below the drift
is under good pressure and will flow in certain tracts, as along
West Fork of Beaver creek.
CITY AND VILLAGE SUPPLIES.

Clela;.r Lake.-At Clear Lake (population, 2,014) about onehalf of the residents depend on the city waterworks, the supply
for which . is taken from the lake; the rest use private wells,
most of which are shallow and end in drift. The distribution
system consists of a ,standpipe, more than 3 miles of mains, 35
fire hydrants, and about 140 taps. The average daily consumption is estimated at 60,000 gallons.
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Dougherty.-The railway well at Dougherty (population,
171) is 417 feet deep and ends in shale which probably is the
Maquoketa. It is reported to have been pumped at 90 gallons
a mihute and to have a normal water level of 135 feet below the
surface.
Emery.-The well at Emery, owned by the electric railway
company, was drilled into shale, but gets its supply from higher
horizons. In this well the water stands only five feet below the
surface and the yireld is: large.
Section 01 electric railway wen at Emery.
l.rhICkneS8.j Depth.
Drift ________________________________________________________ _

Limestone ______________________________________________ _
Sandy transition bed.. ____________________________________________ _
Shale (entered) ___________________________________________ _

Feet

25

:10

Feet

25

55

Ii

60

15

75

Mason Oity.-The public supply in Mason City (population,
11,230) is furnished by flowing wells that discharge into two
large underground reservoirs. City well No.1, which was drilled
in 1892 by Henry F. Miller, of Chicago, is 1,350 feet deep and
eight inches in diameter. The elevation of the curb is 1,077
feet above sea level, water level at curb. The water beds are
variously reported at 426 and at 537 feet above sea level. As
the supply at 426 feet above sea level was far from sufficient,
drilling was continued to 1,350 feet, where the drill encountered
a crevice in the Saint Lawrence formation and the flow was
lost. The well was then plugged at 651 feet.
City wells Nos.. 2, 3, and 4 are 651 feet deep and five inches in
diameter. The curb is 1,077 feet above sea level and the water
level is at curb. Water is obtained at a depth of about 600 feet
in a porous limestone, said to be 40 inches thick, lying above
the Decorah shale. The temperature of the water is 49° F.
City wells Nos. 5 and 6, located about 500 feet from the reserVOir, are 616 feet deep and 10 inches in diameter, and are cased
to a depth of 50 feet. Normally the water flows above the surface, but is lowered 80 feet by pumping.
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City wells Nos. 2, 3, and 4 were drilled in 1892 at the corners
of a parallelogram 60 feet long and 40 feet wide, the other corner being occupied by city well No. 1. This space, excavated in
rock to the depth of 16 feet, forms the reservoir into which the .
wells discharge. The natural flow of wells 1 to 4 combined was
60 gallons a minute. In 1894 the wells were cased and an air
Hft was installed,,200 feet ,below the surface, increasing the discharge to 150 gallons a minute from the four wells. All six
wells still flow and furnish under compressed air an average of
400,000 gallons a day with a maximum of 650,000 gallons.
The water is pumped from the reservoir directly into the
mains, the combined capacity of the three pumps being 2,100
gallons a minute. There are 151;2 miles of mains, 108 fire
hydrants, and about 1,000 taps. Approximately one-half of the
people are supplied from the city waterworks; the other half
depend on private wells, most of which are drilled only a short
distance into rock and furnish only small amounts of water.
Record of st?'ata in Mason Oity waterworks well No.6,

ThICk-/
neSR

Depth

Feet
Feet
DevonIan and Snurlan (f):
DolomIte, light yellow-gray, subcrystalllne; In sand __ ______________________ _
10
10
DolomIte, brown, crystalline; In small chlps _______________________________ _
50
40
'
80
80
LImestone, blue-gray, rapId effervescpnce; crystalline; much yellow-gray flint
DolomIte, brown, crystalline; consIderable calclte_________________________ _
110
00
LImestone,
gray and blue mottled; rather slow effervescence; some brown
dolomIte light
_______________________________________________________________
_
140
80
LImestone, brown; rather slow effervescence; consIderable calclte______________ _
10
150
DolomIte, light gray, crystalline, vesIcular, fosslllferous ___________________ _
167
17
of
rapid
effervescence;
and
dolomite,
light
LImestone,
blue-gray,
crystalline,
yellow, hard, In small chIps and sand ____________________________ _
175
8
Dolomite, crystalline, brown; 2 samples____________________________________ _
200
25
OrdovicIan:
Maquoketa shaleLImestone. brown; of rapId effervescence; dark broW>! Inflammable shale
and blue-gray Ilmestone of rather slow effervescence ___________________ _
215 .
15
Shale, medIum dark blue-gray, hIghly calcareous; In large chlps___________ _
5
220
LImestone,
argillaceous; rather slow effervescence; some brown_
dolomIte blue-gray,
___________________________________________________________
226
6
LImestone , medium dark blue-gray, argllla,ceous; In fine chIps; 2 samples__
89
265
Shale, medIum dark blue-gray, hIghly calcareous; In chIps; 2 samples ____ _
85
800
Galena dolomIte to Platteville limestone-LImestone,
light gray
IIld whItIsh, dense, line-grained; rapId effervescence;_
In large flakes
____________________________________________
815
15
Dolomite, gray, crystalline; chIps of drab clay shale______________ _
6
820
Dolomite, dark brown, vesIcular, cherty; 2 samples ___________________ _
25
845
Ohert and dark gray dolomlte _________________________________ _
15
S60
LImestone, as at 815 feet _______________________________________ _
4
864
Ohert, gray; and dark gray dolomite; 2 Bamples________________ _
21
385
Dolomite, brown; much cbert__________________________________ _
88
418
LImestone, yellow-gray, earthy; rapid effervescencll.. _____________ _
15
488
Limestone, blue-gray; and chert ____________________________ _
7
440
LImestone, earthy, whItish, and light yellow; Trenton facIes; 16 samples140
lim
~
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City well No. 7 has .a depth of 865 feet and a diameter of 10
.inches; casing, 10 inches from surface to 50 feet, 8 inches from
620 to 750 feet. The curb is 1,109 feet above sea level; the head
at a depth of 220 feet was 40 feet above the curb; after passing
the Saint Peter it was about the same as in the wells in the
reservoir. The only water bed mentioned is at 70 feet. The
well is 470 feet from the wells in reservoir and 700 feet from
well No.6. It was completed in 1910 at a cost of $2,579 by W.
L. Thorn, of Platteville, Wisconsin.
De8cription

01 strata

in wen No.7, Mason Oity waterwork8.

Depth
In feet
Devonian (and Silurian?) (210 feet thick; toP. 1.109 feet above
sea level):
Limestone. cream·yellow. finest grain; subconcholdal fracture; rapid etl'ervescence; In large chlps _____ ••• __ •• _. _______ _
25
Limestone;
as limestone;
above; and
dark blue-gray.
compact. non-_
magnesian
In small
chlps __ • _____________________
50
Dolomite. drab. crysta1l1ne; In flaky chips ; light gray limestone of rapid etl'ervescence; some dark blue flssUe shale__
75
Limestone.
subcrystalllne;
rather slow
etl'ervescence; brown-gray;
In large chlps
_______________ • ____________
•_____
. __ _
100
Limestone. light gray; rather slow etl'ervescence; In sand __
no
Limestone.
subcrystalline.
'vesicular;
rather
slow etl'er-_
vescence;drab.
3 samp
1es _______ . _____________
• ________
••_______________
140
Dolomite. light brown-gra.y; In sand _____ •_____________ . ___ •... ___ _
150
Limestone. buti'. vesicular. with molds of fossils; rather slow
etl'ervescence.
with
lighter
nonmagnesian
lImestone.
_____
_
160
Doloml teo buti'. compacL ________________ • ________________________ _

170

Limestone. drab. brownish. compact; rather slow etl'ervescence; with limestone of lighter tint and rapid etl'erves-

DOl~~fte. -iirab-and-brown;'iii-coars;;-iian'd::::::::::::::::::::::

Ordovician:
Maquoketa shale (90 feet thick; toP. 899 feet above sea level)Shale.
Ught
calcareous.
laminated; In large_
chips;
alsoblue-gray
some buft dolomlte
___________________________
Dolomite. buti'. saccharoldR.L ___________________________________ _
Shale. light blue-gray. calcareous; In chips; 2 samples __
Dolomite.
drab
and____________
brown. vesicular;
some
brown
In-_
flammable
shale
. ______________
• _________
• _______
Shale.
blue-gray.
highly
calcareous;
In
large
chips;
samples _. _______________________ ._. ____________________________4_
Galena dolomite to Platteville limestone (450 feet thick;
toP.
809 feet gray;
aboveInsea
level)Dolomite.
coarse
sand_____________ •__________________ _
Limestone.
gray
and
buti'; ._.
considerable
rapid_
etl'ervescence ___ . __________
_______________ •calcite;
_______ . ________
Limestone. gray. soft; In large chips; rapid etl'ervescence
Limestone. fine saccharoldal. greenish gray; rapid etl'ervescence; In sand with powder ot shale _____________ _
Dolomite.
gray.
In places
cherty.
crystalline;
5 samples
_._.vesicular;
___________________
._.________
• ___________
. ____ _
Chert. Ught gray; and blue-gray shale _______________________ _
Chert.
gray; _______________________
shale; and hard argillaceous
dark_
gray light
limestone
•________________
Dolomite. dark gray. vesicular; and chert. _______________ _
Dolomite. dark butl'-gray; disk ot crlnolds ___________ _
Limestone. dark gray. saccharoldal; moderately rapid
etl'ervescence; In large fiakes; 8 samples _______ • ____ • ___ _
Limestone and shale; limestone of Trenton facies.
earthy.rapid
grayish
buti';
In chips;• ____________________________
toss1l1terous; etl'erves-_
cence
_________
• _____________
Limestone buti'. nonmagneslan_ •• _______ .. ____ ••_____• _________ _
Limestone: whitish or light gray. earthy. nonmagneslan;
in flaky chips12 often
ot__________________________
considerable size; • ____
In . _______
places_
fossiliferous;
samples

190

200

210
220
240
25()

290
800

810
820
1m

sso
800

400
410

420

450
460
470

500
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Description of strata in well No.7, Mason CUy .waterworks.-Continued
Limestone, as above, but blue-gray ____________________________
600
Limestone, green-gray; and shale_____________________________
610
Limestone, cream-colored __________________________________
620
. Limestone, blue-gr.ay; cry.stalllne; in coarse sand__________
630
Limestone,
blue and yellow-gray; In flaky chips; 2 . 650
samples ___________________________________________________________
Shale, green i in molded masses. calcareous; 2 samples___
670
Shale,
above; some______________________________________________
chips of hard dark limestone of
rapidaseffervescence
eso
Shale, green; in molded masses; 2 samples _________________ "_
7lQ
Shale,
fine, gritless,________________________________
noncalcareous; in splintery
chipsgreen;
_______________________
_______
720
Limestone, blue-gray; rapid effervescence; some hard',
noncalcareous green shale____________________________________
730
Shale,
hard, green,
noncalcareous;
in large ________
chips;_________
some
limestone
_________________________
________________
740
Saint Peter sandstone (77 feet thick, top, 359 feet above sea
level)Sandstone, white ; rounded grains, rarely exceeding 0,7
millime ter in diameter; 2 samples__________________________
760
Sandstone, as above, but slightly fin e r ; 2 samples__________
780
Sandstone, as above; larg'est grains attain 0.8 millimeters
in diameter;
some____________________________
light yellow limestone
and green
shale;
2
_________________
-_
800
Sandstone, clean; as at 780 feet________________________________
810
Sandstone, white ; with calcareous cemenL__________________
820
Prairie du Chien stageShakopee dolomite (40 feet penetrated; top, 282 feet above
sea level)Dolomite, light gray and light brown; in fine sand;
considerable quartz sand; 3 samples __________________ 824.850
Sandstone, calciferous; or limestone, highly arenaceous;
grainswell
fine.rounded
about_________________
0.6 millimeter
in diameter; white,
._______________
860
~_____

samples_~

Driller's Zog of city wen No.7, Mason Oity.

[l'biCkDess.[ Depth.
Sand _____________________________________________________________ ..• _____
Lime, white _______________________________________________________.... ___...

Feet4
26

Feet 4
SO

tl:::

~~~ ~~_~.:~:::::::::::::::::::::::::::::::::::::::::::::~:::
~6
~
Lime, wbite
______________________________________________ .___
95
Lime, brown _____________________________________________________
5
100
Lime, brown, and sbale______________________________________ .. __ .
5
105
Lime,
gray blulsb..____________________________________________________
108
115
Lime, brown
and gray_____________________________________________ .___
123
Shale in soft thin layers______________________________________________________ _
Lline, brown __________________________________________
22
145
Lime, brown,
and shale..____________________________________
15
160
Lime,
gray _______________________________________________________
22
182
Lime,
Lime,
Lime,
Lime,
Lime,

brown and gray________________________________________________
brown and gray, and shale_____________________________________ .:.____
blue _______________________________________________________
blue.
with shale_____________________________________________
blue _________________________________________________

28
15
13
647

210
225
238
245
809

Lime,
Lime,
Lime,
Rock,
Rock,
Lime,

blue and gray__________________________________________
gray and white..______________________________________
gray,
and shale________________________________________
gray·brown
______________________________________________
gray
and
gray and whlte_____________________________________
white__--_____________________________________

H
2S
61
185
466

S28
346
407
542
588
594

Lime, and
grayclay
and_________________________________________
blulsh________________________________
Shale
Shale,
clay,
and
brown
lime.._________________________________
Shale and clay___
--____________________________________
Sandstone (Saint Peter) __________________________________
Lime, gray and wblte..________________________________________

81
93
209
73
"

625
718
'738
'747
820
864
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The Lehigh Portland Cement Oompany has two wells locate'd
in section 33, Lime Creek township, just north of city limits.
They have a depth of 405 112 feet and a dia:r:neter of 12 inches
to 141h feet and 10 inches to 4051h feet. 'T he head is within 10
feet of the surface. On bailing with sand pump for 1 hour at
a rate of about 45 gallons a minute the water fell to 30 feet below surface. 'The well was completed in 1911 by J. B. Lowe &
Company, of Mason Oity. These wells were sunk as a reserve
supply in case the Oalamus: creek reservoir supply proved inadequate.
Description 01 strata, wen No.2, Lehigh Portland Oement Oompany, at Mason
Oity.
Depth
SolI, black; no sample _____________________________________________________in fee~
Devonian (and Silurian?):
Limestone, light colored; no sample_______________________________
20
Llmestone~ I1ght butt and blue-gray, compact; rapid ettervescence; in large chips____________________________________________
20
Limestone,
I1ght gray, dense; earthy luster; rapid ettervescence __________________________________________________________________
30
Dolomi te, crystalline, butt; In sand__________________________________
40
Dolomite, drab, crystalline: in small chlps_______________________
50
Dolomite, darker drab; rather slow ettervescence' with drab
fissile shale and I?ome nonmagneslan I1ght coi ored limestone; 2 samples____________________________________________________ 70-80
Dolomite,
hard, vesicular; with casts of fossils;
in largedark
chipsgray,
______________________________________________________
90
Limestone, nonmagneslan, yellow-gray, compact, lithographic; conchoidal fracture____________________________________
100
Limestone, gray-butt, hard; rather slow ettervescence; subcrystalline; in Sllnd and small chips________________________
no
Dolomite, blue-gray, crystalline; In small chlps______________
120
Limestone,
light brown-gray;
in thin flakes; moderately
rapid ettervescence
_______________________________________________
130
Limestone, light brown-gray; in sand at 140 feet; In large
flakes at 150 feet; rather slow ettervescence; 2 samples____
150
Limestone; rather slow ettervescence; gray-butt at 169, 180,
and
190
feet;
drab
at
170
feet;
hard;
in
small
chips;
(
samples ______________________________________________________________
190
Dolomite, brown, crystalline'; 2 samples____________________________
210
Limestone,
light yellow,
lithographic; nonmagneslan, conchoidal fracture
___________________________________________________
220
Ordovician:
Maquoketa shaleLimestone, brown; moderately rapid ettervescence; considerable brown and black Inflammable shale__________
280
Dolomite, drab, hard; some blue shale; 2 samples_________
250
Shale,
blue, pyrltlferous;
highly calcareous; In sand;
( samples
_______________________________________________________
290
Limestone,
highly
argillaceous; or shale, highly calcareous, blue
_____________________________________________
800
Galena and Platteville I1mestonesLimestone, drab; rapid ettervescence; 2 samples___________
Limestone, I1ght butt, saccharoidal. minutely vesicular;
moderately slow ettervescence; In large chlps_______
Limestone
above, but cherty; 8 samples_______________
Chert. whiteas_______________________________________________________
Chert, white, with hard drab dolomite; 8 samples_________

320
830
360
370
(00

The well of Jacob E. Decker & Sons has a depth of 604 feet
and a diameter of 10 inches. The elevation is about 1,092 feet
above sea level and the head eight feet below the curb; cased:

, 166
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tOo 18% feet. The capacity is 225 gallens a minute and the water
cOomes frem a depth ef 100 feet; temperature, 50° F. The well
was cempleted in 1911 at a cest ef $1,850 by W. L. Thern, ef
Platteville, Wiscensin.
Description

01 f.sitrata. in Jacob E. Decker cE

Sons' wen at Mason Oity.
Depth

No samples __________________________________________________________________~h~
220
Limestone, hard, fine-grained, brown, nonmagneslan ________________
Maquoketa shale:
Shale,
blue-gray,
laminated;
In largo chips; some brown
Infiammable
shale
________________________________________________
Limestone, light blue-gray, argillaceous; 2 samples___________
Shale,
and ______________________________________________________________
highly argillaceous blue-gray limestone; 5
samples

250
300

Galena dolomite to Platteville limestone:
Limestone, brown, crystalline, nonmagneslan__________________
Shale,
blue; ____________________________________________________________
some white macro crystalline nonmagneslan
limestone

310
S20

Doloml te, bl ue- gray; 3 sampl es_____________________________________
Chert; some limestone and shale; 5 samples____________________
Limestone, yellow-gray, crystalline; mostly of slow effervescence, with chert and shale; 2 samples____________________
Limestone,
yellow-gray
and
whitish,
earthy; 16 nonmagneslan,
samples ________________________________

220
230

350
400
420

600

The OhicagOo & North Western Railway 'well, IOocated Oone mile
nOorth Oof the statiOon, has a depth Oof 862 feet and a diameter Oof
10 inches tOo 53 feet"8 inches tOo 650 feet, and 6 inches tOo bettOom;
easing, Oover the shale Oof the Platteville frOom 660 tOo 749 feet.
The curb is 1,124 feet abOove sea level and the, head 24 feet below the curb. The tested capacity is 6,500 galiOons an hOour
a.fter 10 hOours' cOontinuOous pumping with cylinder set 200 feet
below the surface. Water cOomes frOom 650 feet abOove the shale,
rising within 16 feet ef the surface and supplying 1,000 gallOons
an hOour, and frOom 746 feet, with rise Oof water 2 feet in tube and
testing (at 756 feet) 1,440 gallOons an hOour. The main supply is in
the Saint P ,e ter at 862 feet. The head ef this IOower water is reported at 117 feet belOow the curb. Date of cOompletiOon, 1900.
Driller's log of railway well, near .M1zSon Oity.

I

ThICkness·1 Depth.

Loam, clay, and graveL _________________________________________________ -----Limestone ______________________________________________________ -----------------Shale ______________________________________________________ -----------------------Sandstone ______________________________________________________ -------------------Mud __

_____________________________________________ ---------------------------

F~et

89
94

l!'eet
16
676
765
859

3

862

16

660
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The Chicago, Milwaukee & St. Paul Railway well No.1 has a
depth of 1,473 feet and diameter of 8 to 6 inches. The curb is
1)28 feet above sea level. The original head was 2 feet below
curb and the head in 1896 was variously reported at 30 and 75
feet below curb. ' The capacity is small, being insufficient to
keep a small steam pump running. The well was completed
about 1879 by Swan Bros., of Minneapolis. The well has long
been abandoned; in 1896 it was used-or misused-as a depot
sewer. The water was not found inadequate in quantity, but
its quality as a boiler water was inferior to ·that supplied by
the city.
Record of strata in Ohicago, Milwaukee ~ St. Paul Railway
(Pl. V, p. ~80) .

wen

No. 1

1TbICkness· l Depth.
and __
Recent
(28 feet thIck; top, 1,128 feet above sea level): _
PleIstocene
.:...___________________________________
Blaek loam
. Olay __________________________________________ _
DevonIan
and Silurian
thlek; top,
1,100 feet above sea level):
soft,feetargllJacoous
___________________________
_
LImestone,
brown, (276
DolOmite, hard, lIeht bluIsh gray, granular, subcrystalllne; some lighter
and softer, briskly eftervescent IImestone____________________ _
DolomIte or maeneslan limestone, hard, broWD.. ________________ _
OrdovIcIan:
(57 feet tblek; top, 82' feet above sea level)Maquoketa
shale__________________________________
Shale, blue
.
Galena dolomite (S50 feet thIck; top, 767 feet above sea level)LImestone, magnesian, hard, pale buft__________________ _
LImestone, magnesian, fllDty, Impure, bluish gray; earthy luater____ _
Platteville lImestone (75 feet thIck; top, .17 feet above sea level)Shale,
ereen,_____________________________________
IIlIl'htly I'rltty; with ebert and particles of magnesian_
lImestone
Dolomite, hil'hly arenaeeoua; yellow__________________ _
Saint Peter sandstone (85 feet thiek; top, S42 feet above sea level)Sandstone, tine, white; grains rounded and ground____________ _
PraIrie du Ohlen stage (808 feet thlek; top, 257 feet above sea level)Shakopee
dolomIteDolomite,
whIte ___________________________ _
New Richmond sandstone.
"Mixed lime and sandstone", (no sample) __________________ _
Oneota
doJoJplteDolomite,
lfl'ht gray_______________________•
Oambrlan:
feetwhlte..
thlek;
toP. 51 feet below sea level).Jordan
sandstone
Sandstone,
buft(70and
__________________________
_
Saint Lawrenee formatIon (174 feet thIck; top, 121 feet below sea level)Dolomite. bard, gray; flakes of rather hard, green shale_________ _
Sbale, greenish, highly arenaceous; fragments of dolomlte _________ _
Dresbach sandstone (45 feet thIck; top, 295 feet below sea level)Sandstone,
gray;
larger
grains,
rounded;
many smaller angular frag-_
ments; with
some
greenish
shale
_____________________
Oambrlan or pre-Camhrian (1) (5 feet penetrated; top S(() feet below sea len!):
"GranIte." The sample so labeled consIsts of sandstone sImilar to the
above, rounded graIns about 0_2IHI.35 mIllimeter In diameter, wIth some
dolomite,
cbert_________________________________________
, and sbale; none of the constItuents of granite are present_
exeept
quartz

Feet

2
26

Feet

2

28

70

98

119
87

217

804.

57

861

50
800

711

65

766

85

8'11

20

Ul

786

118

984

riO

1.OM

1411

1,179

70

1,249

1111
68

1.8115

411

1,488

6

1,478

1.423

768
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The Ohicago, Milwaukee & St. Paul Railway wen No. 2 has a
depth of 816 feet and a diameter of 6 inches. The curb is 1,135
feet above sea level. The original head was 30 feet below curb;
head in 1908, 126 feet below curb. The tested capacity is 120
gallons a minute.
Driller's log of Chicago, Milwaukee a, St. Paul RaiZwa.y well No.2. near Mason
City.

l

ThlCkness· 1Depth.

Olay _________________________________ __ _________________________________ _

Limestone __________________________ _____________________________________ _
Shale ________________________________________________________________ _
Limestone ___________________________________________________________________ _
Sandstone ____________________________________________________________________ _
Shale.

Feet

Feet
S6

659
30
35
66

36
695

725
760
816

The American Brick & Tile factory has a well 207 feet deep,
and the Mason Oity Brick & Tile factory one 304 feet deep.
The water rises within about 20 feet of the surface in the former
and within about 30 feet in the latter, or to about 1,100 feet
above S'ea level in -each. Both wells yield large supplies.

Rockwell. The city well at Rockwell (population, 700)
passes through glacial drift, limestone, and shale, and ends at
a depth of 236 feet in limestone beneath the shale. The water
stands 20 feet below the surface, or 1,110 feet above the sea,
lowering about 25 feet on pumping for 12 hours at 60 gallons
a minute. The water is pumped into an air-tight cylinder from
which it is delivered by air pressure. The total length of mains
is one-half mile, and there are 10 fire hydrants. Only a few
homes have service connections, and the total daily consumption
probably does not exceed 5,000 gallons.
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FLOYD COUNTY

BY O. E. MEINZER AND W. H. NORTON.

TOPOGRAPHY ANt> GEOLOGY.

The smooth surface of the Iowan drift plain extends over
Floyd county but is moderately dissected by a number of small
parallel streams which flow southeastward. The thickest drift
is found in the northeast in an area which includes the eastern
and central parts of Oedar, nearly all of Niles, and the extreme
eastern or northeastern part of Saint Oharles townships. Here
many wells have penetrated more than 200 feet of drift, and
in one well (NW. 1,4 sec. 29,T. 97 N., R. 15 W.) a thickness of
365 feet is reported. Throughout most of the remainder of the
. county the drift is relatively thin, the average thickness probably being less than 50 feet, and along the streams rock outcrops are corom·on. The numerous inegularities in the rock
surface on which the drift rests account for the radical differences in the thickness 'of the latter noted in drilling wells at
points not far apart and on nearly the same level.
The rock which lies immediately below the drift is probably
all Devonian in age and consists for the most pa,r t of indurated
but somewhat cavernous limestone. (See PI. V, p. 280; PI. VII,
p. 324.) In the southwest part of the county, including the
southern part of Scott and the southwestern part of Union
township, the distance to limestone is commonly 75 to 100 feet,
but it is not clear from the data at hand whether this depth is
due entirely to glacial drift or in part to the Devonian shale,
which is known to be well developed in the next county to the
west.
49

770

UNDERGROUND WATER RESOURCES OF IOWA
UNDERGROUND WATER.
SOURCE AND DISTRIBUTION.

Water is obtained from (1) alluvial and outwash gravels,
which are practically restricted to the valleys, where they yield
freely to some shallow wells; (2) glacial drift, which in most
parts of the county is too thin and well drained to be a satisfactory source of supply; (3) Devonian limestone, which constitutes the best and most largely utilized aquifer; and (4)
lower formations reached in at least one well-the deep well at
Charles City.
In Cedar and Niles townships there are many shallow open
wells that end in the upper part of the drift, and perhaps even
more drilled wells that extend to an average depth of nearly
200 feet and draw unfailing supplies of good water from the
lower part of the drift or from the limestone. In many of the
deepnst wells the water level is low, in some standing 100 feet
below the surface. In Saint Charles and Floyd townships some
wells end in alluvial sand and gravel and some in porous drift
beds, but the best penetrate the limestone and have an average
depth of more than 100 feet. In Riverton township, where the
drift rarely exceeds 60 feet in thickness and is in some localities
very thin, most of the satisfl:J,ctory wells penetrate limestone
and are commonly between 120 and 160 feet in depth. In
Pleasant Grove township, where the drift ranges in thickness
from less than 10 feet to more than 140 feet, the wells are
g·enerally drilled into limestone and have an average depth of
perhaps 100 feet. In Rock Grove and Rudd townships the rock
is near the surface and is penetrated by practically all wells.
The most common depths are between 50 and 150 feet, but in
the northern part of .Rock Grove township wells approaching
300 feet in depth are reported. Many of the shallowest wells,
such as those common in the village of Nora Springs, do not
yield much water, but abundant supplies are usually found if
the rock is penetrated some distance. In Rockford and ffister
townships the drift is also thin and in many places wells must
be sunk many feet into the rock before obtaining large and de-
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pendable supplies. Depths ranging from 30 to· 180 f.(let were
reported. In the northern parts of Scott and Union townships,
where the limestone is generally near the surface, most of the
wells are between 50 and 125 feet deep, but in the southern
parts, where the distance to limestone is greater, most of them
are between 100 and 200 feet deep.
From the head of wat.er in the deep wells at Mason City and
at Charles City it appears probable that flows with slight pressure could be obtained from deep wells on the lowest levels in
the valley at Marble Rock, Rockford, Nora Springs and ,elsewhere, bVt so much excellent water can be obtained by drilling
a few hundred feet into the limestone that it would seem unnecessary to sink to greater depths even for municipal or industrial supplies.
SPRINGS.

The largest springs issue from cr·evices in the limestone at
places where the streams have removed the overlying drift.
A good example is afforded by the spring of C. F. Beelar, in
the valley of Shell Rock river, at the south edge of the village
of Marble Rock, where a stream of several hundred gallons per
minute pours from a solution ch~nnel in the limestone.
CITY AND VILLAGE SUPPLIES.

Charles City.-The city water supply of Charles City (population, 5,892) is obtained from a well 1,587 feet deep (PI. V, p.
280; PI. VII, p. 324), drilled by J. F. McCarthy, of Minneapolis, .
in 1906, at a cost of $3,591. The well is 10 inches in diameter
to 800 feet, 8 inches to bottom, and is cased from top to 250 feet
and from 600 to ~OO feet; no, packing was used. 'T he curb is
about 1,013 feet above sea level and the head of water 10 feet
above curb. The natural flow is 200 gallons per minute; with
vacuum of 7 pounds, 900 gallons a minute. Temperature, 53 F.
The strata penetrated are shown in the following table:
0
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Record of strata of deep wen at Charles City.

ThlCk-1
ness Depth

i

(120 feet
thick; top, 1,013 feet above sea level):
Devonian
Limestone
______________________________________________________
_ Feet
H
Limestone, yellow; rapid ell'ervescence_____________________________ _
86
rather soft, finely granular, crystalline; moder-_
Limestone,
brown-gray,
ately rapidlight
ell'ervescence
_________________________________________
10
Limestone, yellow; rapid ell'ervescence___________ _________________________ _
10
that at fallen
50-60 feet;
some fragments of yellow, soft, argillaceous_
Limestone,
limestone,like
probably
10. _____________________________________

Limestone, hIghly argfllaceous, In light blue chips; and limestone, hard, gray,
of moderately slow effervescence; 2 samples______________________ _
Shale, blue, plastic, calcareous; 2 samples _______________________ .,. __ _
Silurian? (130 feet thick; top, 893 feet above sea level):
Limestone, gray, soft, granular, argillaceous; earthy luster; slow ell'ervescence
Limestone,
blue-gray,
argillaceous;
some____________________________
nodules of pyrIte; moderately slow_
__________
ell'ervescence;
8 samples
Shale, and soft, gray argfllaceous limestone___________________ ..:. _____ _
Limestone, blue-gray, argillaceous; rapId ell'ervescence; 3 samples __________ _
Limestone
and shale,In IJmestone
yellow with slight quartzose reSidue, shale
chlps ________________________________________________
• ___ _
hlue, calcareous,
Dolomfte, gray, porous, rather hard, with blue-gray shale; In chlps__________ _
Dolomite, gray, hard, In part vesicular; with molds 6f fosslls _______________ _
Shale, blue, calcareous; In chips and powder; and limestone, blue-gray, some
of rapid ell'ervescence, some hard, compact, and of slow_
crystal1fne and
ell'ervescence
______________________________________________________
Limestone,
blue-gray, rather hard; moderately slow ell'ervescence; earthy_
luster ____________________________________________________________
LImestone gray;
and shale,
blue-gray;
varying In rate of ell'ervescence__ __
Dolomite,
earthy
luster; 2limestone
sBIDples___________________________
Dolomfte, gray, mfnutely saccharoldal; some yellow limestone, probably fallen
from above -----------------------------------------------------OrdovIcian:
(110 feet tblck;
top, _________________________________
713 feet above sea level)Maquoketa
shale calcareous,
Shale, blue,
In powder
_
Shale and limestone; shale blue; limestone gray; cherty; slow ell'ervescence
LImestone, gray; moderately slow ell'ervescence, rather hard; In sand. __
Shale,
light ________________________________________________________
blue-gray; calcareous; In powder with sand of gray dolomfte;_
4 samples
Limestone, light gray, hard; rapid ell'ervescence; somewhat sl1fceous _____ _
Shale; blue-gray; with limestone of rapid ell'ervescence_______________ _
Galena limestone to Plattevflle limestone (330 feet thick; top, 603 feet above'
sea level)Limestone,
argillaceous,
yellow-gray, somewhat sfllceous; rapid ell'erves-_
cence _____________
____________________________________________________
gray,
earthy
luster; rapid ell'ervescence; In thin flaky chips;_
LImestone,
5 samples _________________________________________________________
hard, somewhat sfllceous, magnesian; cherty_
Limestone,
yellow-gray,
at 500 feet;light
4 samples
__________________________________________
Shale and limestone, gray____________________________________ _
Limestone,
yellow-gray,
crystalline,
mfnutely porous, somewhat sfllce-_
________
________________________________
ous; slow light
ell'ervescence
LImestone, yellow-gray and blue mottled; crystalline; rapid ell'ervescence __
Limestone, gray; moderately slow e1Iervescence__________________________ _
Limestone,
gray, soft; earthy luster; argillaceous; rapid ell'ervescence; 4_
samples _________________________________________________________
Dolomite, hard, crystalline, light gray; ell'ervescence slow; cherty_______ _
Limestone, light gray; rapid ell'ervescence; 2 samples______________ _
Shale, blue, calcareous; In masses of concreted powder; 3 samples _________ _
cherty, and minutely arenaceous_
Shale,
Shale, buff,
blue; calcareous;
as at 680 toresidue,
660 feetocberous,
___________________________________
Shale, hard, green, fossiliferous; In chlps _______________ _________ _
Sandstone, highly argfllaceous, gray, allghtly calcareous; grains fine,
rounded,Inofdiameter;
considerable
diversity
of size; the largest more than 0_5 mil-_
limeter
8 samples
________________________________
Saint Peter sandstone (80 feet thick; top, 223 feet above sea level)Sandstone,
white;
clean
quartz
sand grains well rounded ________________
and sorted; largest_
1 millImeter
In dl
a meter
_________________________________
Sandstone and dolomite; quartz sand of rounded grains wfth much white
chert and gray siliceous dolomfte and green shale; granular; 4 samples
Sandstone, white; clean grains of quartz; fine-gralned. ______________ _
Sandstone,
white; grains mostly 0 .76 mfllimeter in diameter; calcareous_
cement __________________________________________________________
~

Sandstone, white -----------------------------------------------------Prairie du Ohl~lD stage (300 feet thick; top 148 teet above sea leveI)Shakopee dolomfteDolomfte, light yellow-gray; in meal; little quartz sand In drllllngs ____ _

Feet
14,

50
60
70

10

30

2()

20

100
120

10

180

80
10
30

160
170

200
210

10
10
20

240

10

250

10
10
20

260
270
2IlO

10

300

10
20
20

350

40

22()

310

330
890

10
10

400

10

420

410

50

470

40

610
520

10

20
10
10

540

550

560

40

600

10

610

2()

680
660

80
10
20
80
70

6'ro

690
720
790

10

800

40
10

840
350

10
10

860
870

10

880
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Record of strata oj deep well at Oharles Oity.-Concluded
ness Depth
jThiCk.j
Dolomite, blue·gray and yellow·gray; 2 samples ••••_______________________ •__
Sandstone
and dolomite;
sandstone
white, moderately tlne·gralned; dolo·_
In tine sand
______ •____________________________________
mite blue·gray;
Dolomite,
blue;
shale,
white,
in
powder;
and sandstone, white; largest_
grains 1.2 millimeters In dlamcter_____________________________________

New Richmond) sandstoneSandstone,
white; ___________________
tlner than above;•________________
with admixture
of dolomite ._"
In ______
lower_
part; 2 samples
•______________
Sandstone: wbite; largest grains 1 millimeter diameter; 2 samples _______ _
Oneota dolomiteDolomite, blue, and sandstone; drlllings largely quartz sand; 2 samples ___ _
DolomIte, brown, drab, and gray; finely arenaceous and cherty; 7 samples
Marl, white, calcareous; residue argillaceous and quartzose _____________ _
.
Dolomite, white and gray; highly cherty at 1,070 feet; 11 samples ______ _
Oambrlan:
Jordan sandstone (80 feet thick; top, 157 feet below sea level)Sandstone,
white;but
welltlner
rounded
grains; many 1 millimeter In diameter_
Sandstone, clean,
as above,
______________________________________
Sall(1810ne; as ahove, coa'ser; largest grains 1.5 millimeters; passing at
bottom
Into___________
hlghly arenaceous
dolomite represented In drlllings by blue·
gray
chips
•_________________________________________
•___ _
Sandstone; as above; clean quartz sand; 2 samples ________________________ _
Sandstone, tiner, calciferous _________________________________________ _
Saint Lawrence formation (887 feet penetrated; top, 287 feet below sea level)Shale, green·gray, calciferous, arenaceous; 2 samples ______________________ _
Sandstone,
moderately tlne·gralned; chips of dolomlte __________ __
No
samples white,
_______________________________________________________
.Shale,
greenish,
calcareous,
glauconlferous, arenaceous; tine rounded grains_
of quartz; 4 samples _____________________________________________
Shale,
blue·gray, calcareous,
glauconlferous;
In easily friable concreted_
masses;
2 samples
___________________________________________
Sbale;
as
above;
and
greenish,
tlne·gralned,
argillaceous,
and glaucoblf·_
______________________ .:. ________________
erous sandstone; 7
ar~naceous:

samples~

Sbale, green·gray, glauconlferous, calcareous, and arenaceous ________ _
Shale: as above: with flakes of hard, dark, greenish drab shale, noncal·
careous and nonglauconlferous; very Slightly siliceous; 2 samples ____ _
Sbale; green·gray, glauconlferous, calcareous, and arenaceous__________ _

20

900

. 10

910

10

920

20
20

940
960

20
70
10
110

980
1,050
1,060
1,170

80
10

1,200
1,210

10
20 '
10

1,220
1,240
1,250

20
10
120

1,270
1,280
1,400

50

1,450

20

'1,470

70
10

1,540
1,550

20
17

1,570
1,587

The following chemical . analyses of drillings from the deep
well at 'Charles City were made in chemical laboratory of Cornell
College, Mount Vernon, lowa:
Analyses of driHings from Oharles Oity wen.

27~280
j6OO-610
Feet
Feet
MgCO. _____________________ •_____________ •________ •• ________ --_____________ ._. __ .
CaCO. ______________________________________________________ ---------------------.
Fe.O, _. _______ •_____ •___________________________ •________________________________ .
AI. O. _____________ •________________________________________ ----------------------.
SI O. ___________________________ " __________________________ -----------------.

2 0 -----------------_._---------------------------------------------------------.
H
CaSO,
_____________ •____ • _______________________________ •• __ -----------------------.

Total __.----------------------------------------------------------.

89.45
58.42
.21
.99
'.50
.54
.29

85.29

58.28
.75
.28
9.89
.50

.11
-----99.40
100.0S
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The waterworks system consists of a standpipe, 6 miles of
mains, 56 fire hydrants, and about 450 taps. The water is used
for domestic purposes by perhaps 1,800 people, or one-third of
the population, and for boiler supplies by both railway companies and by other industrial concerns. The average daily
consumption is estimated at 200,000 gallons .
. Malrble Rock.-The village well at Marble Rock (population,
480) is 154 feet deep, nearly all of which is in rock. It has been
pumped for 12 hours at the rate of 65 gallons a minute without
noticeable effect. The water normally stands about 60 feet below the surface. The system comprises an elevated tank, half
a mile of mains, six fire hydrants, and about 35 taps. About
one-fifth of the people use the public supply.
Nora; Springs.-The public well at Nora Springs (population,
985) is eight inches in diameter and 197 feet deep, nearly the
entire depth being in limestone. It is pumped at the rate of 45
gallons per minute without appreciable effect. 'T he water rises
to a level 20 feet below the surface, or about 1,050 feet above
the sea, and is pumped to an elevated tank, from which it is
distributed through three-fourths of a mile of mains. There
are 14 fire hydrants. Only a few of the inhabitants use the
public supply; about 4,000 gallons are said to be consum~d
daily. According to Norton, a supply of good water could
probably be obtained from a deep well sunk to the Galena and
Platteville limestones, or from these and the Saint Peter sandstone combined. The summit of the Saint Peter should be
found at about 300 feet above sea level, or at about 775 feet below the surface. A well 800 or 900 feet deep should be ample.
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FRANKLIN COUNTY

BY O. E. MEINZER AND W. H. NORTON.

TOPOGRAPHY AND GEOLOGY.

Franklin county is divisible into two distinct topographic,
geologic, and ground-water provinces, the area of Wisconsin
drift occupying the western part, and the area of Iowan drift
occupyirig the eastern part. The former has deep drift, a
morainic topography, many undrained swamps and ponds, and
numerous drift wells; the latter has thin drift, a nearly level
but well-drained surface, and a predominance of rock wells.
Except in certain localities, the dividing line between these two
areas is well defined. It crosses the north boundary about nino
miles east of the west margin, trends southeast, and crosses the
south boundary about four miles west of the east margin of the
county.
The rocks upon which the drift rests are chiefly limestones
belonging to the upper part of the Devonian and the lower part
(Mississippian series) of the Carboniferous. Apparently they
dip gently toward the southwest, so that the oldest formations
are found in the northeastern and the youngest in the southwestern part of the county. In the northeastern part of Franklin county and also in Cerro Gordo county a shale formation is
interbedded between Devonian limestones.
UNDERGROUND WATER.
SOURCES.

Water is obtained from the glacial drift and underlying limestone, and in the deep well at Hampton from the ·lower sandstone formations. In the western morainic area the drift is in
general between 65 and 150 feet thick, and because of the poor
drainage the pervious portions are filled with water nearly to
the surface. When this area was first settled, the water supply
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was nearly all obtained from shallow wells that ended in the
upper part of the drift, but many wells have recently been sunk
to the lower part of the drift and into the 'Subjacent limestone,
thus obtaining more sanitary, more plentiful and more reliable
supplies. In the eastern area, where th'e drift is thinner and
a little more dissected by streams, it is generally necessary to
drill into rock in order to obtain supplies that are at all dependable. Most of the wells end in the upper limestone at depths
ranging- from 30 to 100 feet, but a feW' pass through the Devonian shale and end in the underlying limestone at depths between 200 and 400 feet. In all wells that are sufficiently deep
the supply is abundant and permanent. The water from all
beds is hard, but is otherwise of good quality unless polluted
from the surface.
'
SPRINGS AND FLOWING WELLS.

In the valley of Iowa river in the southwestern part of the
county, in the valley of West Fork of Red Cedar river in the
northeast and in a number of low tracts, especially at the east
base of the high morainic area, the water in the ordinary drilled
wells rises nearly to the surface or, in a few wells, overflows.
In other localities east of the morainic belt, the water-bearing
beds have been exposed by erosion or otherwise, allowing the
water to ,escape in rather large springs. 'The head of the city
well at Hampton indicates that the water from the
deeply buried formations will remain at a lower level than that
from the formations reached in ordinary drilling.
CITY AND VILLAGE SUPPLIES.

Hampton.-The public supply of Hampton (population,
2,617) comes from a group of springs and from a deep well.
The springs discharge into two reservoirs at about 100 gallons
a minute; and the well has been tested at 160 gallons a minute.
There are a standpipe and ~system of mains with about 225
taps. The average daily consumption is about 150,000 gallons,
the water being used for domestic purposes by over 1,000 people
and for boiler supplies by both railway companies and by
several industrial concerns.

UNDERGROUND WATERS OF THE NORTH-CENTRAL DISTRICT 777

The well is 1,709 feet deep, is cased with 10-inch pipe from
surface to 190 feet, 8-inch from 588 to 642 feet, 7-inch from 196
to 1,139 feet, and 6-inch from 1,139 to 1,191 feet; the casing is
split to let in water. The curb is 995 feet above sea level. The
normal head is 50 feet below curb; under pump the water stands
160 feet below curb. The principal water supply is obtained
from a depth of 1,100 feet. The well was drilled in 1900 by J.
P. Miller & Company of Chicago. The strata penetrated are
indicated by the following log and section:
Driller's .log of city well 'at Hampton.

I

ThiCk-I
ness Depth

Surface ____________ __________ _____________________________ -'____________________________ _ Feet
52
Shale ___ _______________________________________________________________________________ _
153
Lime, hard ___________________________ c______________________________________________ _
S9S
Shale, caving ______________________________________________________________________ _
77
Limestone ____________________________________________________________________________ _
65
Shale _______________________________________________________________________________ _
60
Mixture of lime and shale and ,coating material ___________________________________ _
40
Very hard rock, which hatters drilL _____________________________________________ __ _
85
Mixture 01 rock and soapstone______ _____________________________________________ __ _
140
Limestone ________________________________________________________________________ _
85
35
53
Sandstone _____________ ____ _______________ ______ _________ ______________ ________________ _
60
Limestone _____________________________________________________________________________ _
152
Sandy limestone _______________________ ____________________________________ _________ _
Hard limestone ___________________________________________________________________ _
i~
Sandstone _____________________________________________________________________________ _
'i!l

~b~r: ~~:~:~~~-======:============================================================:=:=
~

Description of rs>trata in city well at Hampton.
Depth
in feet
Pleistocene (52 feet thick; top, 995 fe et above sea l evel):
Till , pale yellow _____________________________________ .__________________
20
Sand. ocher-yellow ; with ocherous clay __________________________
40
Carboniferous (Missi"sippian):
Kinderhook stage (l08 feet thick; top, 943 feet above sea
level)Shale, blue ___________________________________________________________
60
Limestone, bluish gray. sub crystalline ; of rapid effer v escence; in coarse chips ; fragments of calc spar and
sparry surfaces indi cate that the rock is geodiferous;
platy fragments of drusy pyrite, in some of which the
pyrite alternates with laminae of black coaly shale__
80
Shale, blue.; 3 samples _____________________________________________ 100-140
Devonian (360 feet thick; top, 835 feet above sea level):
Limestone, dark green -gray, earthy; brisk effervescence;
argillaceous residue; in large chips; some fragments of
white. fine-gr a in e d, crystalline limestone___________________ _
160
Limestone, dark drab, fine-grained, crystalline, hard; residue
black;
moderately
brisk
effervescence;
microscopic
grains
of crystalline quartz _______________________________________________
180
Limestone, white, compact; earthy luster ; also gray and
cream-colored; saccharoidal. in small chips; much argillaceous admixture; effervescence moderate; residue large,
argillaceous,
and micro scollically
quartzose__________________
200
Shale, greeni s h __________________
:_______________________________________
220
Limestone, white, earthy; brisk effervescence; in fine sand;
some cuttings of shale_____________________________________________
240
Shale, greenish; 2 samples _____ ___________________ ________ _______ _____ 260-280

Feet
62
205
698

675
740
BOO
840
875
1,015

1.100
1,185
1,188
1,248
1,400
1,475
1,636
1,709
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Description of strata in city well at Hampton.-Continued.
Limestone, white; brisk effervescence; crystalline, in fine
sand masked by argillo-calcareous powder ___________________
Limestone, varicolored, dark bluish, saccharoldal, with
moderate effervescence, and argillaceous residue; and
buff, subcrystalline, fine-grained, compact, with brisk
effervescence and little resldue_____________________________
Limestone, light gray, fine-grained, subcryst.alline, subtranslucent; rapid effervescence; in large flakes___________
Limestone,
large
dark argillaceous residue; effervescence drab;
moderate
__________________________________________________
Limestone, light gray, dense, fine-grained, subcrystalline;
brisk effervescence;
some chips of soft greenish saccharoidal
limestone ___________________________________________________
Limestone,
light
buff,
soft,
compact, earthy;
effervescence
brisk _________ ______________ ____________________
______ ___________
____ ___
Lim estone, light blue and light buff; hard, brisk effervescence
Limestone,
lightresidue
brownish,
soft;
earthy; ________________
brisk effervescence;
argillaceous
__ _____
_____________
___________
Limestone, blue-gray; earthy luster; tine-grained, compact;
brisk effervescence, dark argillaceous residue_______________
Lim estone, . blue-gray; effervescence rather slow; large
clayey r esidue; fragments of fossiliferous green shale___
Limestone,
gray,
subcrystalline; in angular sand; effervescence brisk
___________________________________________________________
Silurian (78 feet thick; top, 475 feet above sea level):
Limeston e, cream-colored, very soft; earthy; effervescence
mod erate; some drab, argillaceous_____________________________
Limestone,
light blue-gray,
soft; rather
large
clayey
residue;
effervescence
modera te ____________
________
________
___ _______
__ ___ _
Limestone; as above, but with chips of chert, siliceous limestone, and drab argillaceous llm"stone________________________
Limestone, white, soft; rapid effervescence; subtranslucent
Ordovician :
Maquoketa shale (172 feet thick; top, 397 feet above sea
level)Shale, light chocolate- brown, calcareous_____________________
Shale,
reddish;
reaction for carbons or hydrocarbons
In closed
tubeno_________________________________________________
Shale, light greenish, calcareous ____
Limestone;
moderate effervescence; much argillaceous
powder ___________________________________________________________
~__________________________

800

820
840
360
S80
400
420
440
460
480
600
520
540
560
580
600
620
640
660

Gray chert, greenish shale, and red calcareous shale;
probably fallen from above______________________________
700
Shale, greenish _____________________________________________________
720
Limestone, varicolored, in sand; brisk effervescence;
much greenish shale__________________________________________
740
Shale, dark greenish, calcareous________________________________
760
Galena limestone to Platteville limestone (410 feet thick;
top, 225 feet above sea level)Limestone, white; brisk effervescenlle; much shale________
780
Limestone,
buff, ____________________________________________________
and shale, chocolate-brown; conSiderable
yellow chert
SOO
Limestone, gray and white; brisk effervescence; much
white chert and argillaceous powder; 2 samples _______ 820-840
Shale, green and brown; gray chert_______________________
860
Limestone, gray; brisk effervescence_________________________
880
Limestone, cream-colored; brisk effervescence; In fine
sand; much argillaceous powder __________________________
900
Limestone, light yellow; highly argillaceous; 2 samples __ 920-940
Shale, light browniSh, calcareous______________________________
960
LlmE'!stone, light gray; some fossiliferous; cherty; brisk
effervescence;
In
chips;
much
argillaceous
powder
In
some samples; 6 samples ___________________________________980-1,080
Limestone, gray, brisk effervescence; 2 sampleB-________ 1,180
Shale, green; and gray limestone_____________________________ 1,140
Shale, green; Indurated; in fine chlps___________________________ 1,160
Saint Peter sandstone (68 feet thick; top, 185 feet below sea
level)Sandstone; white grains of clear quartz, well rounded,
comparatively uniform In size, surfaces smooth, with
green shale from above; 4 samples _________________1,180-1,240
Prairie du Chien stageShakopee dolomite (172 feet thick; top, 253 feet below
sea level)Dolomite, gray, hard, cherty_________________________________ 1,260
Doloml te, gray, cherty, arenaceous_________________________ 1,280
Sandstone, fine-grained, white_______________________________ 1,300
Dolomite, light buff and gray, cherty; 2 samples ____l,82O-1,840
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Description oj strata in city well at Hampton. - Concluded
Dolomite, light buff, arenac~ous; considerable quartz
sand in drillings_____________________________________________ 1,860
Dolomite, blue-gray ___________________________________________ 1,400
New Richmond sandstone (70 feet thick; top, 425 feet
below sea level)Dolomite, blue-gray, and sandstone; large part of
dr!llings quartz sand________________________________________ 1,420
Dolomite, gray; small fragments of arenaceous dolomite and some quartz sand________________________________ 1,440
Sandstone
and dolomite;
sandstone of Saint Peter 1,460
.
facies; dolomite
gray _______________________________________
san1d
- tone, white, fine-grained, hard_______________________ 1,480
Oneot?
)lomite (145 feet thick; top, 495 feet below sea
leve'
Do. .lite, gray and white. cherty; 2 samples ________1,500-1,520
Dolomite, gray; residue of crytocrystalline quartz_____ 1,540
Dolomite, blue-gray; residue as above___________________ 1,560
Doloml te, gray; 3 samples __________________________________ 1, 680-1, 620
Cambrian:
.Jordan sandstone (74 feet penetrated; top, 640 feet below
sea level)Sandstone; of clean, white, well-rounded grains of pure
quartz, of moderate size; S samples ___________________ .1,640-1,6S0
Sandstone; as above, but somewhat harder, as Indicated by_______________________________________________________
larger number of fractured grains; 1,700-1.709
2
samples

Latimer.-The village well at Latimer (population, 378) is
six inches in diameter and 150 feet deep, the last 50 being in
limestone. The water rises within 45 feet of the surface, and
the well is reported to have yielded 300 gallons a minute continuously during a 12-hour test.
The water is brought out of the well by an air lift and is then
forced by a rotary pump into a cylindrical air-tight tank, from
which it is carried through the mains by air pressure. The
total length of th'e mains is less than half a mile, the number of
fire hydrants six, num·b er of taps fourteen, and the average
daily consumption is estimated at 6,000 gallons. Only a small
proportion of the inhabitants use the public supply.
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HANCOCK COUNTY

BY O. E. MEINZER.

TOPOGRAPHY AND GEOLOGY.

The drift-covered surface of Hancock county is in most localities only gently undulating. It has been but little modified by
stream erosion and consequently its natural drainage is imperrecto The glacial material forms a continuous blanket, 75 to
250 feet thick, beneath which the older rock formations are completely concealed. In the northwestern part of the county
(Bingham, Crystal, Orthel and part of Britt townships) the
drift has its greatest development, depths of 200 to 250 feet
being common; and in the southern tier of townships (Major,
Amsterdam, Twin Lake and Avery,) it is also rather deep, rangjng in general between 125 and 200 feet and averaging deeper in
Twin Lake than in Avery township; in parts of Britt, Garfield,
. Concord, Ell, German, Erwin and Boone townships it is relatively thin, depths of 75 to 125 feet being common.
The bedrock upon which the drift rests consists of indurated
limestone with a minor amount of inter stratified shale, 'and
probably belongs in part to the Mississippian series of the Carboniferous and in part to the Devonian system. The general
succession of the upper formations is indicated by the following
section of the village well at Britt:
Section ·0/ village wen at Britt.

IThiCk-I
ness

DrIft _______ ...; ____________________________________________ ..:..__
LImestone ______________________________________ _________________.____
Shale ____________________________________________________________
Limestone (entered) __________________________________________________

FeAt.
12'1}
411)

17.
1&

Depth

Feet
127\
168

185
200
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UNDERGROUND WATER.
SOURCES.

The water supply is derived from the glacial drift and the
underlying limestones. On account of the poor drainage, the
porous parts of the drift are usually :filLed with water
nearly to the surface; hence there are ma;ty shallow wells
which are liable to fail in dry seasons when the wa.ter level lowers. Better wells are
drilled to deeper
parts of the drift where they receive more dependable supplies from sand and gravel beds that contain water under pressure. The best drilled wells, however, pass through
the sand and gravel beds and tap the limestones, from
which are obtained copious supplies of water that is lifted by
a.rtesian pressure nearly or quite to the surface. The water
from both drift and limestone is hard, but is otherwise good.
'T hroughout the county the blanket of drift, with its undrained
surface and its water-bearing beds of sand and gravel, rests
on the same kind of bedrock, with its large water supplies under good pressure. The two variable factors are (1) the thickness of the drift and consequent depth to rock, and (2) ·the
altitude of the surface and the resulting depth at which the
water remains in the wells.
HEAD.

In most of the county the water in drilled wells rises nearly
to the surface and in some areas it overflows. The, foUowing
table showS' the head at several points:
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Head, of water in and, near Hancoc'k Oount1/.

LOCldity

Height to which
the water rises
u d e l - - - -of
surface
above
sea
Above
Above
or below
sea
level
surface
level

,
Forest Oity (WInnebago county) ____________________________________ _
Klemme -----------------------------------------------------_________________________________________________________ _
Garner
Belmond (WrIght county) _______________________________________ _
BrItt ___________________________________________________ _
HutchIns ____________________________________________________ _
Wesley (Kossuth county) ________________ ____________________ _
Oorwlth ___________________ ______________ _________ __________________ _

Feet
l,lSO
1,220

a1,210
1,180
1,230
1,208
1,246
1,178

Feet
Above
-14
-10

Above

-18
-18
~

-20

Feet
1.lSO

1,206
a1,200
1,180
1,212
1,190
1,166
1,168

aApproxlmately.

Flowing wells have been obtained along the several branches
of Boone river in Magor, Amsterdam, Boone and Erin town~
ships, and also in the low tracts adjoining several creeks in
Bingham and Orthel townships. They have also been obtained
in the valley of Iowa river near the south line of the county, and,
jUdging from the flowing well at Forest City, it seems not improbable that they could be obtained III parts of Lime creek
valley near the Winnebago county line.
The deepest well reported is the Chicago, Milwaukee & St.
Paul Railway well at Britt, which extends to a depth of 684
feet, and in which the water ,rises to sixteen feet below the surface, or 1,220 feet above the sea Jevel, this being practically the
same head that is found in the ordinary drilled wells of the
vicinity. At Algona to the west and Mason City to the east the
water from the deeply buried formations does not rise much
higher than 1,100 feet above sea level, and the general experience in deep drilling in this region indicates that the head tends
to become lower with increasing depth. In view of the generous
yield and go·od head of wells sunk relatively short distances into
the rock, probably litHe or nothing would be gained by deep
drilling.
In certain areas where the water in rock wells stands some
distance below the surface, it may be feasible to drain small
swampy tracts, remote from streams and large ditches, by conducting the water through wells into the cavities of the rock, but
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throughout the greater part of the county the head of the well
water is too high to permit this method of drainage.
CITY AND VILLAGE SUPPLIES.

Britt.-The public well at Britt (population, 1,303), a section
of which is given on page 780, is 8 inches in diameter and 200
feet deep. It is reported. that the first limestone yielded 60
gallons a minute and that the finished well, ending in the limestone beneath the shale, has been tested at the rate of 400
gallons a minute. The waterworks consist of an elevated tank,
about two miles of mains, 16 fire hydrants, and approximately
200 taps. A majority of the people use the water, the av,erage
daily consumption being estimated as 30,000 gallons.
The Ohicago, Milwaukee & St. Paul Railway well has a depth
of 684 feet and a diameter of seven inches. The curb is 1,236
feet above sea level. The head is 16 feet below the curb and
the tested capacity is 125 gallons a minute.
Oorwith.-The village well at Oorwith (population, 455) is
125 teet deep and ends in limestone. The water stands 20 feet
below the surface, or 1,158 feet above sea level, and has been
pumped at the rate of 70 gallons a minute.
The distribution system comprises an elevated tank, somewhat more than half a mile of mains, 8 fire hydrants, and 17
taps. Only a small portion lof the total population uses the
public supply. 'T he average daily consumption is reported to be
approximately 10,000 gallons.
Garner·-The public water supply of Garner (population,
1,028) comes from two wells, one of which was dug to a bed 'Of
gravel at 48 f,eet, and the other was dug to 55 feet and thence
drilled to 145-feet, where it ends in limestone. The water in each
well rises within 14 feet of the surface, but pumping at the rate
of 80 gallon~ a minute from the two combined lowers the water
level about 25 feet. .
The system comprises an elevated tank, about one-half mile
,of mains, 11 fire hydrants, and approximately 75 taps. It is
,estimated that less than one-fourth of the people are supplied
.from this source and that the average daily consumption is
about 13,000 gallons.
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HUMBOLDT COUNTY
.:· 1

BY O. E. MEINZER.

TOPOGRAPHY AND GEOLOGY.

Nearly all of Humboldt county is drift covered and much of
it is' poorly drained, but the East and West Forks of the Des
Moines river, which cross the county and unite near the south
line, have in many localities cut into the bedrock, and, with their
numerous short tributaries, have drained some of the swampy
tracts. in the eastern part of the county the glacial drift forms·
an uninterrupted sheet, commonly between 100 and 200 feet
thick, but in most of the central and western parts it is thinner
and in some places is only a veneer ov,e r the rock surface.
Near the northwest and southwest corners (PI. XVI, p. 814) beds
of loose sand, which are believed to represent the basal Cretaceous deposit, appear to lie immediately below the drift, but
elsewhere, as far as is known, the drift rests on Carboniferous
rocks which, according to T. H. Macbride: consist of shale and
sandston.e belonging to the Des MoineFl stage of the Pennsylvanian and of the Saint Louis limestone and the Kinderhook
stage of the Mississippian. The shale and sandstone are probably not widely distributed, for in most sections limestone constitutes the first rock recognized by dril1ers. The succession is
indicated by the following section of the Chicago & North West"
ern Railway well at Renwick:
Section 01 railway wen at Renwick.
IThiCk-!
[ ness Depth
'Soll,
and blue
clay_____________________________ ___________________
Olay, yellow
hard, blue
_______________________________________________________________
Sand ______________________________ ______________________________________________
Shale, red _________________________________________________________________
Shale, white _________________________________________________________________
Limestone ________________________________________________________________________

Feet
40
100
10

20
..
88

Feet
40
140
150

170
17'
21~

'Geology of Humboldt County: Ann. Rept. Iowa Geol. Survey. vol. 9. 1899.
pp. 122 et seq.
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UNDERGROUND WATER.
SOURCES.

Most of the water used in Humboldt county is obtained from
the glacial drift and the Oarboniferous limestones. In the eastern tier of townships relatively few wells have been sunk to
rock, but many end in the lower part of the drift at depths of
more than 100 feet. In the vicinity of Livermore the drilled wells average perhaps 100 feet in depth, and possibly half of
them end in rock; in the vicinity of Humholdt they average
somewhat deeper and a larger proportion enter rock. In the
west-central part of the county limestone wells are also nunierous, but in certain localities, especially near the northwest and
southwest corners, all drilled wells end in sand.
In general the rock wells are the most satisfactory and yield
the largest supplies, but where the drift is thin and the water
level is low it is in some places necessary to drill considerable
distances in the rock, and even where the latter lies entirely.
below the water lev<el a generous yield is obtained only after a
good crevice has been tapped. Although the upper part of the
limestone is the most broken and fissured it loccasionally happens that compact rock must be penetrated for many feet before
an opening is found whi'ch will freely conduct water to the
drill hole.
HEAD.

In the eastern part of the county water in the drilled wells
rises nearly to the surface, and several flows have been struck in
the valley of Prairie creek and elsewhere. In Bo<one valley, immediately e'a st of Humboldt county, flows are obtained over an
extensive area, but in Des Moines valley, which lies at a lower
level, none exist. The differenoe is due to the fact that in the
first valley there is a continuous thick blanket of bowlder clay
which is so impervious that it acts as a oonfining bed, holding
under pressure the water in the porous beds beneath; whereas
in the second valley the stream has cut through the confining bed
into the water-bearing strata, thus allowing the water to escape
freely. The result is that one 'valley has flowing wells but prl;tCriO

786

UNDERGROUND ,WATER RESOURCES OF IOWA

tically no springs, and the other has numerous springs but no
flowing wells.
In some localities in the western part of the county tlie water
in the drilled wells remains at rather greater depths and the conditions are unusually favorable for draining swamps into the
underlying limestone.
No deep drilling has been done in Humboldt county, but the
wells in Algona. Mallard and Webster Oity indicate that the water from the deep formations will rise to approximately 1,100
feet above the sea and that wells may possibly flow with slight
pressure in the Des Moines valley. The highes head would
probably be obtained within a few hundred feet of the surface;
no additional pressure would be gained by sinking to still lower
horizons.
SPRINGS.

Springs are abundant in the valley of West Fork of Des
Moines river, and also in that of East Fork near the junction of
the two streams. They issue mainly from the limestone, where
the impervious cover of bowlder clay has been removed by
erosion.
CITY AND VILLAGE SUPPLIES.

Humboldt.-About half of the people of Humboldt (population, 1,809) are said to use the public supply. The water comes
from a spring that flows into a reservoir, from which the water
is carried, by gravity, through a pipe that passes under the
river into a second reserv'oir, and is then pumped into a standpipe and system of mains. The total length of mains is 3Y2
miles, the number of fire hydrants is 21, and the number of taps
is about 180. Approximately 60,000 gallons of water are consum.ed daily.
At Humboldt the drill (according to Norton), after passing the
Mississippian limestone and shales, will enter the limestones and
shales of :the Devonian, below which some Silurian limestones
may possibly be found. Next are shales 100 to 200 feet thick, correlated with the Maquoketa, although they may in part represent
the Galena. Probably some water will be found in the Galena
ljmestone. Below the Decorah shale and the Platteville lime-
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stone the drill will enter the Saint Peter sandstone, about 1,300
feet below the surface. This sandstone may easily ' reach 100
feet in thickness and should afford a good yield of excellent water. The supply may be largely increased by going deeper, say
to 1,700 feet, to tap the stores held by the limestones and sandstones lying beneath the Saint Peter.

Livermore.-The village well at Livermore (population, 578)
is 163 feet deep, the last 31 feet of which are in' limestone. The
water is said to stand about 55 feet below the surface (or about
1,080 feet above sea level) and to have been pumped at the rate
of 60 gallons a minute.

KOSSUTH COUNTY
BY

o.

E. MEINZER.

TOPOGRAPHY.

The surface of Kossuth county forms a north-south trough,
the southern and central portions of which are drained southward through East Fork of Des Moines river and the northern
portion northward through Blue Earth river. These two rivers
are connected across the diviae oetween the Des Moines and
Minnesota river b~sins by a swampy area known as Union
Slough. ' The entire' area is covered with glacial drift and exhibits a typical ground-moraine topography. -The drainage is
imperfect and swamps and ponds are numerous.
GEOWGY.

If the layer of drift, which in most localities is over 100 feet
thick, could be removed the surface on which it rests would
probably comprise an erosional . topography exposing a
geologic section of considerable thickness and diversity. In
the eastern and most of the central part :of the county and also
in a small area in the extreme southwest the drift lies upon indurated Paleozoic limestone, the age of which can not be definiteIy ascertained because outcrops are lacking. In a tract adjoin-
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ing Des Moines river and throughout most of the western third
of the county a wedge of soft shale and sandstone with a maximum known thickness of about 200 feet intervenes between the
drift and the limestone. The uppe·r beds of shale and sandstone
are believed to be Cretaceous, but some of the lower beds probably belong to the Pennsylvanian series and possibly in part to
the Permian. The fonowing well sections, as reported by the
drillers, show to some extent the character and relations of these
strata:
GeneraZized welZ section for the vicinity of Wesley.

I

ThlCkness·l Depth.
Feet

Soli and yellow clay____________________________________________________ _
Olay, blue ___ ________________________________________________________ _
sand and gravel with fragments of wood ____________________ __
Olay,
Olay, brick,
blue ______________________________________________________________
Olay, black, with fragments of wood _____________________________________ _
Olay, yellow, sandy ____________________________________________________ _
Olay, blue ______________________________________________________________ _
Olay, yellow, and broken limestone _________________________________________ _
Limestone (entered).

Feet

8

8

45
5

68
68

45
2
7
88
2

103
105
112
195
197

Section 01 weZZ immediately north of Luverne.

I

\ Thickness. Depth.
Feet 80

Feet80
Olay, blue __________________________________________________
Sand ______________________________ _ _________________________
10
90
Olay, red ____________________________________________________
50
140
"FUnt" _________________________________________________________________
6
143
Sandstone __________ ..:.______________________________________________
20
166
Shale ____________________________________________________________________
10
176
Limestone (entered) ____________________________________________ ____: :;:
--;;::_:=
__:.::_'--_ _"2 _ ---=178.:.;:
~

Section of weH at the Algona steam lau.ntZrll.

I

Thickness. j Depth.
Feet

fil~' ~;;~~~~:-~~~~~~~~~~~~~£~~~~~~~~~-~~l~~~~~~~~~}

Limestone ___________________________________________________ _
Sandstone __ _ ________ ___________________ ______________________ _
Limestone (entered).

'Feet
90

90

125

215

5
7

220

227

Secti on of abandoned village tvclZ at Whittemore.

IThickness. \ Depth.
Clay , etc. ______________________________ ________________________________________ [
Sand , ete. _____________________________________________________________________

~~~~stone-{enteredr------------------------------------.-------------------------

Fee~5 1 'Feeitll
40
155

8

1~
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The section at W1esley suggests three distinct drift sheets
whose deposition occurred at intervals sufficiently long to enable
a soil to form and some weathering to occur at the top of each
before it was covered by the next. The section at Ba!ncroft
(page 792) likewise suggests either two or three distinct drift
sheets. The red clay or shale reported in a number of the sections in Kossuth, Humboldt and Palo Alt,o counties may represent the red shale found in the vicinity of F~rt Dodge.
UNDERGROUND WATER.
SOURCE AND DISTRIBUTION.

Water is obtained from glacial drift, Cretaceous sandstone and
Paleozoic limestones and sandstones.
In the northeastern part 'of the county, where the drift rests
upon limestone at depths ranging from about 100 fl'd ill the
vicinity of Germania to much more in certain other lo('nlities,
many drilled wells pass through the entire thickness of drift and
find water after penetrating only a short distance into the limestone. Farther west, in the vicinity of Swea City, a few wells
reach limestone at about 200 feet, but in general the rock lies
much farther below the surface and the wells are finished either
in the drift or in the Cretaceous sand.
Similar conditions prevail In the central portion of the county.
Thus, at Ramsey postoffice, near Union Slough, limestone occurs
and is reached by many drilled wells at about 100 feet; at Bancroft it lies 240 feet below the surface and is reached by only a
few wells; and at Ringsted, three miles west of the county line,
it occurs at 364 feet and is almost never reached in drilling.
In the southeastern part of the county many bored wells end
in the drift at depths of less than 100 feet, but a large proportion of the drilled wells enter rock, although in some localities
this lies at considerable depths. In a very general way it may
be said that the most common depths of the drilled wells are between 150 and 190 feet in the region south of Titonka, between
200 and 230 feet in the vicinity of Wesley, about 175 feet in the
vicinity of Sexton, between 200 and 260 feet in the high area surrounding Saint Benedict, and between 75 and 200 feet in the
vicinity of Luverne. In much of the region south of Wesley
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an::l east of Luverne the drift is deep and drilled rock wells are
proportionately rare.

m the vicinity of Algona there is a wide range in the depth
of wells, some of the drift wells being very shallow and some of
the rock wells going down more than 300 feeL An average for
drilled wells is probably between i50and 200 feet. In the high
area north of Whittemore the drilled wells; range in generaL between 200 and 330 feet and end either in the drift or in the subjacent beds of sana. South of Whittemore the range in depth
·of wells is between 70 and 200 feet ~nd most of the wells end
in sand, except in a small area near the southwest corner of
the county, where limestone is sometimes reached by the drilL
Of the several sources of water in this county the limestone is
the most satisfactory. Its upper portion is generally creviceda condition probably due t lO preglacial weathering-and hence it
Rupplies water very freely. On the other hand, sand at highel'
levels causes much trouble by rising in the wells or by clogging
screens. Only 6-inch wells should be sunk and, except in those
areas where the depth to rock is great, drilling should be continued until limestone is reached or a satisfactory sand or gravel
bed is encountered. As the ordinary rock wells yield generous
quantities of good water little if anything is to be gained hy
drilling to the deeper formations.
READ.

The upper part of the glacial drift is more or less porous and
as a rule is saturated almost to the surface, the water table
closely following the topographic irregularities' But the bulk of
the drift consists of dense bowlder clay which appears to be
quite impervious to water and which serves in a sense as a confining bed that holds under pressure the water in the creviced
limestone, in the sand strata, or in the sand and gravel deposits
within the drift itself. Hence, when a hole is drilled through
the bowlder clay, the water from the underlying formations
rises under pressure to a certain definite level, which is generally
higher (above the sea! in elevated than in depressed regions,
but which does not follow the topographic irregularities nearly
as closely as does the surficial ground-water. table. Hence it is

\
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that in the highest areas the water remains far below the surface
and in the lowest areas it may rise above the surface.
The following table shows the head of the water at several
points in or near this county:
Head,

01

watet· in and, near KO$8uth County.
Height to which
w ater rises

Locality

'"

...

0 .. "

~ o"'~"
...
~-

0"'"

,J:J,J:J",

<Ii

.
Feet
Buffalo Oenter (WInnebago' county) ________________________________
1,183
Germanla _____________________ ___________________________________________ _
Swea City _______________________ __ __ __________ _______________ ___________
1 ,174
Armstrong (Emmet county) _______ ______ ____________________________
1,240
Bancroft _____________________________________________________ _ ___
1,210
Burt ___ __ ____ __ ____ ______ __ __ ____ __ _______________________________________
1,170
Ringsted (Emmet county) ______________________________________
1,251
Wesley ______________________________________________________
1 ,246
Sexton __________________________________________________________
1,218
Saint Benedict ____________________________________________________
1 ,266
Algona _____________________ __________________________________
1,198
Whittemore ____________________________________ _______________________
1,200
1,178
Oorwith (Hancock county) ____________________________________________
Luverne __________________________________________________________
1,169
Liver more (Humboldt county) _____________________________________
1,140
West Bend (Palo Alto county) ________________ , _______________________ _

Feet
-14
~bove

-15
-68
-

60

-

76

-SO
-SO

-70
~125

-68
-

35

-20

-40
- 65
Above

Feet
1,169
1 ,146
1,159
1,172
1,150
1,140
1,175
1,166
1,148
1,141
1,140
1 ,165
1,158
1;129
1,085
1,156

Wells obtain flowing water in a tract of considerable extent
adjar.ent to Blue Earth river, chieflly in Hebron, Springfield,
Ledya rd, and Lincoln townships, and also in the valleys of Buffalo , Mud, Prairie, and Lotts cr,eeks, all of which drain into Des
Moines river. Throughout the entire northeastern part of the
c.ounty the water rises nearly to the surface, but in the high
areas in the northwestern and west-central parts, and in the
region about St. Benedict, it remains at considerable depths.
To the south the head is lowered by the leakage that takes place
farther south where the rocks outcrop along both forks of Des
Moines river.
CITY AND VILL'AGE SUPPLIES.

Algona.-The public supply of Algona (population, 2,908) is
0btained from two deep wells: City well No. 1~ drilled by S.
Swanson, of Minneapolis, which is 1,050 feet deep, and City well
No.2, which is 818 feet deep. The curb of well No.1 is approximately 1,202 feet above sea l,e,vel, and the water level is 69
feet below curb. The driller's logs follow:
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Driller's log

01

city wen No.1, Algona.

j Thickness

01

Depth

Feet

Material __________________________________________________ _
Sand rock _________________________________________________ _
Lime rock _________________________________ ___________________ _
Sand rock _________________ ___________________________________ _
Shale and streaks of sand rock _____________________________________ _

Log

I

}'eet

23;;

235
810

75

435
735

125
300

815

1,050

City wen No.2.

I Thickness.
son ________________________________________________________________________________

Feet

Olay, yellow _______ ___ __ _ _______________________ __________________________ _
. Olay, blue _____________________________________________________________________ __ _
Sand ______________________________ _________ ___ _________________________________ _
Shale, blue; shale, white; fllnt shale, Ifght blue ________________ ______________ _
Limestone _______________________________________ ______________________________ _

1

Depth.
Feet

4
10

4

14
91
141
310
818

77

50
169
508

The water level in the first well lowers notably when pumped
50 gallons a minute, but the second yields 150 gallons by the use
of an air lift. There are a standpipe, about five miles of mains,
and 39 fire hydrants. It is reported that about 1,600 people are
supplied and that an average of 60,000 gallons is consumed daily.
Bancroft.-The public supply of Bancroft (population, 830)
taken from a rock well, 242 f.eet deep, which has been te·s ted
at 40 gallons a minute. The system comprises an elevated tank,
about one-half mile of mains, eight fire hydrants, and 28 taps.
Approximately 5,000 gallons of water are used daily and perhaps
125 people are supplied.
1S

A well at one time drilled for the railroad company is said
to be 500 feet deep with the water rising within 2 feet of the
surface, which would be 1,187 f.e·e t above sea level. The well
stood a good test, but the water is so hard that it is not used
in locomotives.
Section

01

village wen at Bancroft.

I

I

Thickness. Depth.

-

-- --

-

- - - . - -- - - - - - - - - - 1---=F=-ee-:-t- ' - =
Fe-et""'"
'

~y!ly ~~~u!e~l~~-~!~:.:-=:====__:::========:=:===:===:=====:=========:===:==::=====:=:::1

Sand
wood, snails, etc_______________________________________________
Olay. containing
blue ________________
Sand ______________________________________________________________________
Olay, red and yellow ___ -'-_____________________________________________________
Gravel __________________________________________________________
Limestone, entered ______
~_______________________________________________________

~-----_____________________________ _

M
6
20
6

138

6
2

~

71
91

96
234
240
242
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Burt.-The village well at Burt (population, 495) is 175 feet
deep and has been pumped at the rate of 40 gallons a minute.
The water rises within 30 feet of the surface.
Waterworks with nearly a mile of mains and 10 fire hydrants
have been installed.
Swea City.-The public well at Swea City (population, 402)
is 117 feet deep and ends in sand from which the water rises
within 15 f,eet of the surface (1,160 feet above sea level). It
has been pumped at the rate of 30 gallons a minute. The water
is pumped to an elevated tank and is to' be distributed through
a system of mains.
MITCHELL COUNTY
BY O. E. MEINZER.

TOPOGRAPHY AND GEOLOGY.

Mitchell county exhibits few topographic irregularities. The '
deep-drift area, however, is higher than the shallow-drift area,
a fact that has an important bearing 'on ground-water conditions.
The bedrock in all parts of the county probably consists of
limestone of Devonian age, upon the irregular surface of which
rests a mantle of glacial drift. In the southwest the average
thickness of the drift is perhaps 200 feet, and in certain localities it exceeds 300 feet. In much of the northeastern part it is
also 'thick, but its average is less. Thus in the northern part of
Jenkins township and in much of Wayne township the drift
is only about 50 feet thick, though in the southern part of J enkins and in some places in the northeastern sections of Wayne
it is much heavier, locally exceeding 200 feet. In the second
Her of townships from the east the drift is thinner than in the
first tier; in most places in the w€stern half of the county it is
less than 25 feet t)1ick and -limestone outcrops are abundant,
especially along Red Cedar river~
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UNDERGROUND WATER.
SOURCE AND DISTRIBUTION.

Water is derived from alluvial and outwash deposits, glacial
drift, Devonian limestone, limestone below the Devonian, and
Saint Peter sandstone.
Deposits of alluvial sand and gravel occur locally in the valleys of the principal streams and afford large quantities of water to wells from 15 to 25 feet deep. Within the body of the
glacial drift there are many water-bearing beds of sand and
gravel, the shallowest of which can not, however, be relied on to
yield water in dry years. The limestone everywhere yields an
unfailing supply and is the most valuable water bed in the
county. The city well at Osage extends through the Saint Peter
sandstone, which was encountered at a depth of 715 feet.
In the southeastern townships most of the drilled wells end
in beds of gravel and sand far down in the drift, many wells
being more than 200 feet and a few more than 300 feet deep.
In the northeastern townships most of the drilled wells end in .
limestone at depths averaging about 100 feet in the localities of
thinnest drift and about 200 feet in the localities of thickest
drift. In the second tier of townships from the east drilled wens
commonly range in depth between 100 and 150 feet, some ending
in limestone and others in drift. In the western half' of the
county by far the gr,e ater number of good wells are drilled into
rock and obtain an abundance of water at depths ranging from
about 50 to 150 feet.
SPRINGS AND FLOWING WELLS.

In the western part of Mitchell county, especially in the valley of Red Cedar river, some rather large springs issue from
the limestone, the spring in the park south of Osage being typieal. In the eastern part of the county smaller seeps come from
gravelly beds in the drift; the spring at Riceville may be cited
as an example.

In a belt running north and south through the western part
of Wayne, Jenkins, and Burr Oak townships the water in the
drilled wells rises nearly to the surface and in some wells over-
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flows with slight pressure; farther west it does not flow, even
though the altitude is lower. 'The explanation of this distribution of flowing wells appears to be as follows:
Along the east margin of Mitchell county and the adjoining
parts of Howard county the surface is relatively high and the
pervious portions of the drift are filled with water nearly ' to
the surface. To some extent these pervious members are in
communication with the underlying limestone, which they thus
keep supplied ~ith water under considerable head. The limestone may be regarded as a continuous water-bearing formation, and ' consequently, if farther west, where the altitude is
lower, a well is drill€d into the limestone or into sand or gravel
in communication with it the water will rise under pressure
and a flowing well may result. The drift thus plays the double
part of a porous formation through which the water enters and
an impervious layer under which it is confined. A short distance farther west, however, no flows are obtained, although the
surface is still lower, the rapid reduction of the artesian pressure evid€ntly being due to leakage through. the thin drift cover
llnd through rock outcrops.
Altogether there are in this belt probably several dozen flowing wells grouped in clusters along streams or in depressions.
The well on the farm of James McOarthy, in the SW. 14 see. 9, T.
98 N., R. 15 W., is locally famous for its unusually strong pressure a:c.U flow. It ends in gravel at the depth of 174 feet ann
is r,e ported to flow about 300 gallons a minute.
In the Osage deep well the water from the Saint Peter sandstone rises to about 1,110 feet above sea level. According to
the railway su . .'veys the altitude at Osage is 1,168 feet above
sea level; at Riceville, 1,229 feet; at McIntyre, 1,279 feet; at
Stacyville, 1,208 feet, and at Saint Ansgar, 1,175 feet.
CITY AND VILLAGE SUPPLIES.

Osage.-At Osage (population, 2,445) it is reported that 40,000 gallons are pumped from the city well daily and about 1,500
people are supplied. The water is lifted into an elevated tank
and thence distributed through nearly four miles of mains to' 42
fire hydrants and about 400 taps.

•
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The city well (PI. VII, p. 324) is 780 feet deep, 12 to 10 inches
in diameter, and is cased to a depth of 192 feet without packing; the curb is 1,168 feet above sea level, and the water stands
60 feet below curb. The tested capacity is 200 gallons a minute. Water horizons are reported at 110 feet, with water heading 70 feet below curb; and at 650 feet, heading 60 feet below
curb; water is also reported at 780 feet. The temperature of the
water is 48° F. The well was drilled in 1899 by J. F. McCarthy,
of Minneapolis, and cost $2,400.
Driller's Zog 01 city wen at Osage.
\ ThiCkness. l Depth.

rf~!sto~e--::::::::::::::::::::::::::=--=-_-_-::-_-:..-=-_-=-_-_-_-:
GUUlbo shale ________________________________________ _
LIUlestone (water at 650 feet) ________________________________ _
Shale und santilLonc mixed _________________________________ _
Sandstone __________________________________________ _

Feet

Feet

20
160
20
460
60
60

20
180
200
000
720
780

Record of strata in Osage city well.·

1Thickness.
No sample ______________________________________________ _
Dolomite. ligbt buff, crystaUJne; beglnn;ng at 490 feet; 4 samples _________ _
Limestone. light gray; efferve.clng freely In cold bydrochlorlc acid; 6 samples __
Limestone, yellowish; with pyritic crystals and small nodules; 2 samples _____ _
Limestone, light gray; with pyrite; 1 sample __________________________ _
Limestone,
gray;______________________________________________
small Chips of IIgbter gray from above; some grains
of !l.Vrite; dark
1 sample
_
Limestone, dark gray, sbaly, pyritic; 1 sample _________________________________ _
Limestone, dark gray; cblps of green shale_________________________________ _
Shale, greenJsb __________________________________________________________ _
Sbale,
slaty
gray; some small flakes of limestone and crystals of pyrite; 2_
samples
___________________________________________________________________

Feet
490

Sbale,
dark
green;
a ___________________________________________________
few small bits of limestone and grains of clean water-_
sand.
worked
Quartz
Quartz sand, clean, clear, water worn; some cbips of green sbale from above;
8 samplcs; sand at 750 feet a little flner tban tbat above _____ .-______________ _
Sand, yellowisb; finer than any In tbe above ________________________________ _
Sbale, I:reenJsh, marly; some sand grains and small chips of limestone. ________ _
Sand, tine, gray; well rounded grains; some sbale_____________.____________ _

/j()

85
15
5
10

5
10

5

I

Deptb.
Feet
490
540
625

640
645
655
660
670
675

20

695

20

715

85
10
10
10

760
770
780

750

-Calvin, Samuel; Ann. Rept. Geol. Survey of Iowa, vol. 13, 1903, p. 336.

•

Calvin refers the sandstones from 725 feet to the bottom of
the well to the Saint Peter, and all the rocks above it to the
Galena, Decorah, and Platteville formations. The occurrence
of water above the Decorah shale-the source of powerful
springs in the northeastern counties of the state-should be
I], '.'...
noted.
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Riceville.-:The public supply of Riceville (popnlntioll, 8-14) is,
taken from a spring which issues from a SCRm of sand in the
drift at the bank of the river and yields a bou t 20 gallons a
minute. The water is allowed to flow into a reservoir from
which it is pumped into an elevated tank and thence distributed through a small system of mains to four fire hydrants and
15 taps.
St. Ansgar.-The city well at St. Ansgar (population, 747),
put down in 1902 by Emil Sedlack, of Thief River Falls, Minne·
sota, is 240 feet deep and 10 inches in diameter. (See PI. VII, p.
324.) The curb is 1,175 feet above sea level and the water stands
20 feet below the curb.
This well was in process of boring when the county was surveyed by .the Iowa Geological Survey. The drill had then
reached a depth of 160 feet, the last 60 feet being in the Maquoketa shale.

WINNEBAGO COUNTY

BY O. E. MEINZER.

TOPOGRAPHY AND GEOLOGY.

Winnebago county is covered with glacial drift to a depth, in
most localities, of 100 to 200 feet. The upper layer is of Wisconsin age and has a gently undulating and poorly drained surface. The highest land and the deepest drift are found in a
north-south belt which passes through the central part of the
county. Beneath the drift is an irregular limestone surface not
known to outcrop within the county.
UNDERGROUND WATER.
SOURCES.

Water is obtained from the glacial drift and from the underlying limestone. The drift is tapped by a large number of
dug, bored, driven, and drilled wells, and furnishes the great-
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or part of the supply; the limestone is reached by a smaller number of drilled wells, but the supplies are very satisfactory.
Driven wells are successful only over small tracts where coarse
material has been deposited at the surface. Bored wells are
common throughout the county, but many of them are filthy and
their yield is frequently small and uncertain. Drilled drift
wells penetrat,e deeper and reach beds of sand and gravel from
"yv"hich water is delivered under pressure. Where the waterhearing material is sufficiently coarse, they are satisfactory, but
in some of them the sand is so fine that it rises when the water
is pumped. Drilled rock wells extend through the entire thickIless of the drift and co~municate with the system of joints
nndsolution passages which ramify through the limestone, and
which are charged with abundant excellent though hard water
that is everywhere under pressure. Drilled rock wells are most
common in the western part of the county and least numerous in
the c,e ntral part where the drift is deep.
'T he good features of rock wells can be summarized as follows: (1) 'T hey contain no sand to cause trouble; (2) their
yield is usually large and permanent; (3) the water is under
enough pressur,e to rise high above the bottom of the wells, thus
requiring a comparatively small lift; and (4) if they are properly cased their water is pure. As at all points the limestone is
within easy reach of the drill, it is advised that, where the yield
from the drift is not abundant or the sand causes trouble if not
screened, drilling should be continued until limestone is penetrated and free communication is established with its waterfilled crevices. It is poor economy to stop with an unsatisfactory sand well when a little deeper drilling would result in a
good limestone well.
'
HEAD.

The water in the limestone and ,deeper parts of the drift is
lI1variably under a pressure which lifts it far, up in the wells.
The lowest head, relative to the surface~ is fou;nd in some of the
highest ar,eas in the central part of the county, but even here
the lowest head reported was only 75 feet below the surface.
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Near the west margin of the county flows are obtained in the
creek valleys and other low-lying areas. In the well at Forest
City a light flow was struck in gravel at a depth of 80 feet and
stronger flows were obtained at lower levels. Other flowing
wells could probably be obtained in the valley of Lime creek.
'l:he following table shows the head 9f the water from the lower
part of the drift or the subjacent limestone at sev€ral points:
Head of water in Winnebago County.
Height to which
water rises
Locality

Lake MIllII ________________________________ _
Forest Oity (in Talley) ___________________________ _
Tbompson ___________________________________ _
Buffalo Oenter ___________________________________ _
Rake ___________________________________________ _

Feet
1,265
1,180
111,275
1,188
1,1M

Feet
-30
Above
-75
-14
-10

Feet
1,235
1,180
al.200
1,169
1,144

aApi)roxlmate.

Wells which, like the Forest City well and the Lake Mills
railway well, have been sunk to some depth into the limestone,
yield so generously, have so good a head of water, furnish such
a fair quality of water, and are in every respect so satisfactory
that it does not seem advisable to drill deeper even where large
sl:pplies are required. From the deep-well data in this region it
may be inferred that the water from the lower sandstones would
not rise so bigh as that in the limestone underlying the drift.
DRAINAGE WELLS.

Where the water in rock wells stands at some depth below
the surface, it is possible to drain ponds and swamps through
them into the rock, though it is not certain that this method of
drainage can be made profitable. Where the water rises nearly
to the surface, as along the west margin, drainage through wells
is not feasible. In other sections of the state wells discharging
into sand have not proved as successful as those which discharge
into creviced limestone, and the same condition would probably
exist in Winnebago county.
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CITY AND VILLAGE SUPPLIES.

Buffalo Center.-The village well at Buffalo Center (population, 456) is 168 feet deep, the last 44 feet of which are in lime- .
stone. The water stands 14 feet below the surface, or 1,169 feet
above sea level. There is an elevated tank, and new mains are
being laid to' replace the old ones which have become corroded.
The people depend almost entirely on private wells, many of·
which are sunk only a short distance into the drift.
Forest City.-The well which furnishes the public supply at
Forest City (population, 1,691) is four inches in diameter and
300 feet deep, the last 180 feet of which are in limestone. It is
located in the valley, and the water rises a few feet above the
surface, or to about 1,180 feet above sea level. It yields several
hundred gallons per minute by natural flow at the surface and
discharges into the bottom of an underground reservoir at a
rate of about 800 gallons a minute when the water level in the
latter is lowered to seven feet below the surface. Approximately two-thirds of the inhabitants of Forest City are reported
to use the public supply. The water is pumped into a standpipe
and delivered through 3% miles of mains to 33 :fire hydrants
and about 140 taps. It is estimated that an average of 90,000
gallons of water are consumed daily.
According to a forecast Qf artesian possibilities made by N orton, the Saint Peter sandstone is estimated to lie only 700 or
800 feet below the surface, or between 400 and 500 feet above
sea level. Water may be found in considerable quantity above
the Saint Peter, in the Galena limestone, and in the Platteville
limestone above its basal shales. These basal green shales of
the Platteville, which rest on th.e Saint P€ter, may be expected
to be heavy and to need casing. The Saint Peter sandstone should
exceed 50 feet in thickness, and may be more than double that.
The limestones and sandstones underlying the Saint Peter would
add largely to the supply, and sinking for less than 500 feet
below the base of the latter would test their possibiliti,es. The
quality of the water should be excellent, its chief mineral ingredients being calcium and magnesium carbonates.
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Lake Mills.-The well which furnishes the public supply at
Lake Mills (population, 1,214) is 233 feet deep and enters limestone at 105 feet. The water rises to 30 feet below the surface,
or about 1,235 fe,e t above sea level, and has been pumped at 35
gallons a minute. The well of the Chicago & North Western
Railway Company at the same place is 334 feet deep, and enters
lim€stone at 120 feet, with th€ water rising within 21 feet of
the surface, or about 1,235 feet above sea level. In this well
pumping at the rate of 125 gallons a minute for 10 hours did
not perceptibly lower the water.
The public supply is pumped to an elevated tank, which connects with more than a mile of mains and 11 fire hydrants. Most
of the people use water from private wells, but a f,ew are supplied from the public waterworks. Approximately 17,000 gallons of water are used daily.
No deep wells have been drilled within a considerable distance of Lake Mills, but the dip of the strata, as estimated from
the sections at Easton, Minnesota, and Mason City, indicates,
according to Norton, that the Saint Peter sandstone lies 500
' to 600 feet above sea level or about 700 to 800 feet below the
surface. If any deep well is drilled it should be sunk to the bottom of this formation, which may be 100 feet in thickness.

Thompson.-The public supply at Thompson (population,
500) is derived from a drilled well six inches. in diameter that
ends in limestone at the depth of 300 feet, the water rising to a
level 75 feet below the surface. The waterworks consist of an
elevated tank with less than a quarter of a mile of mains and four
fire hydrants. The people rely chiefly on private shallow drift
wells, using only 2,500 gallons daily of the public supply.
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WORTH COUNTY
BY O. E. MEINZER.

TOPOGRAPHY AND GEOLOGY.

The outer margin of the terminal moraine of ' the Wisconsin
drift sheet crosses Worth county diagonally from northeast to
southwest. West of this margin the topography is irregular
and morainic and the drainage is poor; east of it an older drift
lies at the surface, which, although only slightly dissected, has
a well-developed drainage system.
The total thickness of the glacial drift is greatest in the northwestern morainic townships, where over extensive areas it
measures between 100 and 200 feet, and in the extreme northeast, where in many places it exceeds 100 feet. Throughout the
rest of the county its average thickness is probably 50 feet or
less. The drift is for the most part underlain by Devonian limestone, which is exposed in many places along Shell Rock river
and other streams.
UNDERGROUND WATER.
SOURCES.

The water supply of Worth county is obtained from alluvial
and outwash deposits, glacial drift, and limestone of Devonian
age or possibly older.
There are many drilled wells in all parts of the county,
although shallow dug, bored, and driven wells ar·e numerous in
the morainic area and in the areas where alluvial and outwash
sands and gravels lie at the surface. The drilled wells end in
the lower parts of the drift or in the subjacent limestone, the
average depth, as well as the proportion that end in drift, being
greatest where the drift is thickest. In general the wells ending in limestone are the most satisfactory, and, as in nearly all
parts of the county this rock is within easy reach of the drill,
it is usually unwise to 'depend on the drift for either farm or
village supplies.
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One of the deepest wells in the county is that of the Chicago &
North Western Railway, at Hanlonton, which enters limestone
at a depth of 23 feet and extends to a total depth of 260 feet.
The water in this well is reported to rise within 23 feet of the
surface and to have been pumped at the rate of 100 gallons a
minute.
CITY AND VILLAGE SUPPLIES.

Northwood.-The city well at Northwood (population, 1,264)
is 10 inches in diameter and 92 feet deep, the last 50 feet being
in limestone. The water rises within 18 feet of the surface, or
to about 1,204 feet above the sea, and has been pumped continuously for 15 hours at 100 gallons a minute without noticeable
effect. It is lifted from the well into an elevated tank and is
thence distributed by gravity through about one and three-fifths
miles of mains to 20 fire hydrants and approximately 70 taps.
It is ,e stimated that 400 people are supplied and that about 18,000 gallons of water are consumed daily. Nearly all tbe private
wells are less than 100 feet deep.
Northwood is 1,222 feet above sea level. According to a forecast of the artesian conditions of the locality made by Norton,
the drill, after penetrating the cover of drift clays and
sands, will pass through Devonian limestones and shales
with possibly some Silurian limestones, the whole, however, being less than 175 or 200 feet thick. The Maquoketa shale,
here rather thin, will then be penetrated, and below it several
hundred feet of magnesian limestones may be expected. As
these last are underlain by a heavy shale belonging to the Platteville limestone, considerable water will probably be found in
their crevices and porous beds. A dependable supply will be
found in the Saint Peter sandstone immediately helow the heavy
shale mentioned, which may be expected at about 600 feet
above sea level, or about 625 feet below the surface, although it
may lie 100 feet deeper. About 100 feet should be allowed to
penetrate this shale.
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WRIGHT COUNTY
BY O. E. MEINZER.

TOPOGRAPHY AND GEOLOGY •

•All of Wright county is covered with glacial drift. Extending
across it, somewhat east of the center, with a general northsouth trend, is a high morainic belt which contains several lakes
and ot;her undrained depressions and forms the divide between
the basin of Iowa river, which flows through the eastern part of
the county, and the basin of Boone river, which flows through
the western part. In this belt is found the deepest drift, the
average depth probably being not less than 200 feet; at one
point, two miles south and two miles east of Clarion, a depth of
367 feet is reported. In much of the eastern part of the county,
on the other hand, the depth of the drift is ·only about 100 feet,
and in the Iowa valley it is generally less. Throughout all or
.nearly all of the county the drift rests upon a surface of indurated Paleozoic limestone.
UNDERGROUND WATER.
SOURCES.

The water supply is derived from the glacial drift and the
underlying limestone. The upper layer of drift, owing to its
loosely consolidated and somewhat gravelly condition, is to a certain extent porous, and because of the poor drainage, it is normally saturated nearly to the surface with water which it yields
slowly to shallow dug or bored wells; but in time of protracted
drought this surficial water largely disappears and leaves the
wells without adequate supply. In certain small districts, where
beds of sand or gravel lie at the surface, as in parts of the Iowa
valley, inexpensive wells with large yields are obtained by driving points only a short distance into these porous water-filled de-
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posits. Deeper in the drift beds of sand and gravel are interbedded with dense blue bowlder clay, and these beds are almost
invariably saturated with water under pressure. Numerous
drilled wells are supplied from this source.
The limestone below the drift is hard and impervious, but
more or less broken and cavernous, and it is this condition, probably produced by preglacial weathering, that renders it an excellent aquifer. The openings in the rock are charged wjth water
under considerable head, and when they are encountered by the
drill the water surges into the well and rises rapidly to a level
determined by the head. That large supplies can be obtained by
drilling some distance into the limestone is shown by the village
wells at Forest City, Britt, Latimer and Clarion, each of which
will furnish several hundred gallons a minute without any great
lowering of the water level. Moreover, wells ending in rock do
not give trouble as do so many of the sand wells, and the yield
does not deteriorate with time as is frequently the case in wells
ending in fine-grained unconsolidated material. Though it is not
always necessary to drill to rock, yet there is much ill-advised
economy in finishing wells in unsatisfactory sand beds when a
little deeper drilling would reach rock and result in a much
better and more permanent well. Another mistake. frequently
made, especially where large supplies are desired, is in stopping
the drill before the limestone has been penetrated a sufficient
depth. The farther the drill hole enters the rock the more water-filled crevices it taps and the more chances there are that a
large fissure or cavern will be encounterd. The village wells
mentioned above penetrate rock to depths ranging from 20 to
180 feet.
HEAD.

The following table shows the head of the water from the
limestone and lower parts of the drift at several points in or
near Wright county:
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Head. 01 water in ana near Wright County.
Height to which
the water rises
Locality

Belmond _____________________________________ _
Galt ___________________________________________ _
Dows _________________________________________________ _
S miles east of Olarloll.. ____________________________ _
Olarlon ______________________________________ _
Florence _________________________________________ _
Goldfield ______________________________________ _
Eagle Grove __________________________ _________________ _
Convltb (Hancock county) _______ •____________________ _
Luverne (Kossutb county) _____________________________ _
Renwick (Humboldt county) ___________________________________ _
~

Feet
1.180
1,200
1,140
al,240
1,170
1,180
1,108
1,109
1,178
1,169
al,l80

Feet

o

-50

o

-W

-28

o

Above
Above
-20
-40

-so

Feet
1,180
1,150
1,140
a1,143
1,142
1,130
1,120
1,120
1,158
1,129
a1,l00

In the high central belt the water in the drilled wells remains
far below the surface, lifts of 50 to 100 feet being general. On
the lower ground east of this belt the water usually rises near
the tops of the wells, and in the lowest parts of the valley of
Iowa river at Belmond, Dows and elsewhere, flows are obtained,
West of this belt over an extensive area the water rises above
the surface or remains only a few feet below, flows being obtained aU along the immediate valley of Boone river and far
up the valleys of Otter, Eagle and White Fox creeks and their
tributaries. J ames Rowe, an experienced driller in Eagle Grove,
estimates that a flow can be obtained at some low point on approximately half of the farms in the western half of the county.
The above table shows that the head of the water is relatively
independent of the surface configuration, the water rising to
nearly the same level above the sea in the high oentral area,
where. it remains far below the surface, as in the valleys, where
flows are obtained, the wells being as truly artesian in principle
in one area as in the other. The table shows, however, that the
head gradually lowers toward the south and west, a condition
due to leakage at rock outcrops in the Des Moines vaney to the
west and in the Iowa valley and ·o ther localities to the south.
Information gained from deep wells drilled at several places
near Wright county indicates that the water from the sandstone
"Approximately.
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formations below the limestone will rise to approximately 1,100
feet above the sea. The supply from the rock immediately beneath the drift is so satisfactory in quantity, quality, head, and
other respects that probably nothing would be gained by drilling
to the more deeply buried sandstones.
DRAINAGE WELLS.

In the high central area, where the water in rock wells remains
a considerable distance below the surface, it is possible to drain
swampy tracts by conducting the surface water into drainage
wells, but in the lower parts of the county, where the water from
the limestone rises nearly or quite to the surface, this method can
not be employed. Where it is possible to drain into stream
channels or large cooperative ditches, drainage into wells will
probably not be profitable, but it is possible that, where conditions are favorable, small isolated swamps, remote from any
ditch or stream channel, can be profitably reclaimed by wells.
The two favorable conditions in the central part of this county
are (1) the low head of the well water and (2) the creviced
character of the limestone, both of which increase the capacity
of a well for receiving water; the one unfavorable condition lies
in the thickness of the drift, which, of course, increases the cost
of the wells proportionately. Thus far drainage wells have not
proved very successful even where the physical conditions are
the best, the chief difficulty being the rapid deterioration in the
capacity of the wells, which is believed to be due to the clogging
of the pores and crevices in the rock by sediment carried in
with the water. This deterioration takes place more rapidly
in sand and· gravel deposits, whose pores readily become sealed,
than in the limestone which has larger openings that are not
so easily clogged. If drainage into wells-ev·en into limestone
wells-is to be made successful, it will be necessary to devise
methods for lengthening the life of the wells used for this purpose, and this can probably be accomplished only by preventing
sediment from entering with the water. An experiment that
might be worth trying is to excavate a reservoir of considerable
size in which the water could stand for some time, thus allowing
the suspended matter to settle before the water is taken into the
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well. Such a reservoir would also greatly augment the potential capacity of the well in that it would receive the water from
a heavy rain and supply it to the well gradually, thus draining
the land before the crops were damaged and · yet allowing the
well to be functional during a large part of the time. Where
the drainage is effected by an underground system of tiles, the
difficulty with suspended matter is much less than where the
water is led to the wells in ditches.
CITY AND VILLAGE SUPPLIES.

Belmond.-The public supply at Belmond (population, 1,224)
was until recently taken from a dug well 14 feet in diameter and
25 feet deep and from eight driven wells 27 feet deep, the water
coming from a surface layer of sand. There are an elevated tank,
1% miles of mains, 16 fire hydrants, and 56 taps. It is estimated
that about 225 people, or one-fifth of the population, are supplied and that about 18,000 gallons are consumed daily.
The city well recently completed has a' depth of 500 feet and
a diameter of 10, 8, and 6 inches; casing 10 inches to rock at
130 feet, 8 inches to about 250 feet. The curb is 1,180 feet above
sea level and the head 16 feet below the curb. The depth to
the principal supply is 500 feet; another water bed is at 25 feet.
Date of completion, 1911; driller, W. L. 'Thorn, of Sparta, Wisconsin.
Driller's log ot city well at Belmond.

I TWckness
Gravel and clay (drift) _____________________________________ _
Lime rock (Mississippian) _______________________________________________.__
Shale (Lime Oreek. ot Devonian) _________________________________________ _
Lime rock _________________________________________________ _
Shale ____________________________________________________________ _
Lime rock (to bottom) _____________________________________ _

Feet
180
100

,

40
~o

f

I

Depth.

Feet
180

280
?110

,,

&00

The well penetrates deeply the Devonian and perhaps the
Silurian limestones, but does not reach the Maquoketa shale,
although that formation should be found within 100 feet of the
bottom. The Saint Peter sandstone is estimated by Norton to
be about 1,150 feet below the 'surface.
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Clarion.-The village well at Clarion (population, 2,065) is
280 feet deep and ends in limestone from which the water rises
to 28 feet below the surface, or 1,142 feet above sea level. It
has been tested at 500 gallons a minute. An elevated tank has
recently been erected and a system of mains laid.
Clarion is 1,170 fe et above sea level. According to Norton, a
deep well passing through the cover of glacial drift should find
limestone with some shales extending to a depth of about 750
feet. In these limestones, which are of Mississippian, Devonian,
and probably al so of Silurian age, some water may be found
and its quality will probably be so good that it will not require
casing out. Below these limestones lies a bed of mud-rock shale.
the Maquoketa (Ordovician), which effectually parts the waters
above it ,from those below. The Maquoketa shale rests ,on 300
to 350 feet of dolomitic limestones (Galena), below which the
drill will enter the heavy green Decorah shale and then the limestones and shales of the Platteville, which together may exceed
75 or even 100 feet in thickness. In the Galena and Platteville
limestones the drill may be fortunate enough to strike one or
more water beds in creviced or porous rock and may possibly
find a supply sufficient for the town, but as the formation immediately underlying the Platteville limestone is the Saint P 'e ter
sandstone it is advised to carry the drilling into this white and
smooth-grained sandstone. The top of the Saint Peter should
be reached at about 1,270 feet from the surface, but the contract
for a well should provide for going to a depth of 1,500 or 1,600
feet if necessary in order to insure against contingencies, although 1,400 feet should be amply sufficient to tap not only the
Saint Peter but also the main water beds below it.
Dows.-The public supply at Dows (population, 892) is taken
from an eight-inch well 85 feet deep, in which the water rises
to 15 feet below the surface, or to 1,146 feet above the sea.
There are an elevated tank, five~eighths of a mile of mains, nine
fire hydrants, and 15 taps_ The wa1Jer is used by only a small
part of the population and the average daily consumption is
reported to be approximately 5,000 gallons.
Eag'le Grove.-Only a few people in Eagle Grove (population,
3,387) use the public supply; the rest have private wells, most
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of which overflow. The public supply is taken from two wells,
one of which is a 20-inch bored well that ends in gravel and is
cased with tile, the other a six-inch drilled well with iron casing
extending to a depth of 168 feet and penetrating limestone, from
which the water rises above the surface. The two wells will
together discharge 500 gallons a minute into an underground
reservoir through an orifice 25 feet below the surface. There
are a standpipe, 3 miles of mains, and about 35 ure hydrants. It
is' estimated that approximately 40,000 gallons are consumed
daily.
Norton estimates that if the dip of the strata from Mason
City to Fort Dodge is uniform the Saint Peter sandstone should
occur at Eagle Grove at very nearly 1,300 feet helow the surface, and that it and the formations immerliately below it would
yield a large quantity of wholesome water. 1n ol'tier to get
the largest yield it is recommended to sink to (jllO or 700 feet
below 's ea level, or to 1,700 or 1,800 feet l)elow the surface.
As soon as the shales of the Saint Lawrence formation appear,
at 1,700 feet or lower, the drilling should be stopped except
under expert advice to the contrary.
No special difficulties in drilling need be apprehended. Shales
may be expected to occur among the limestones of the upper
800 feet, and heavy shales will be found between 800 and 950
feet, and again between 1,200 and 1;300 feet. These should b~
cased to insure against caving.
Water beds will probably be struck in the limestones above
the Saint Peter, but it is hardly probable that the quality of
any of these waters will be such as to necessitate their being
cased out.
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CHAPTER XII.

UNDERGROUND WATERS OF THE CENTRAL DISTRICT.
INTRODUCTION

BY W. H. NORTON.

The central district comprises twelve counties situated in
centr"al Iowa-Boone, Dallas, Greene, Grundy, Guthrie, Hamilton, Hardin, Jasper, Marshall, Polk, Story and Webster. By
far its larger part, including all the central and western portions, is underlain by Pennsylvanian rocks, which here consist
predomina]J.tly of shales; the eastern part is underlain by the
Mississippian, which also includes heavy shale beds. The
presence of these heavy beds of shale makes the' question of the
deep water supply ·of special importance.
The Paleozoic terranes continue their southwestward dip well
toward the western part of the area. From Waterloo to _I\..('kley
the average fall of the Saint Peter sandstone is eight feet l;er
mile; from Ackley to Fort Dodge the fall decreases to 2% feet
per mile (Pl. VI, p. 310). The section along the Chicago & North
Western railway shows a descent of the Saint Peter from Belle
Plaine to Boone averaging four feet to the mile (Pl. XI, p. 458),
but this dip is interrupted by the Ames anticline, discovered by
Beyt.r uncl demonstrated "by his section of the deep well at the
10,,'a Aglicultural College. By this singular upwarp the Saint
P:e ter at Ames stand:-; 276 [(-\et higher than at Boone, 15 miles
farther west. From Boone a very gentle descent of about three
feet to the mile continues to Ogden, but from Ogden the strata
rise at the rate of 8% feet to the mile as far as Jefferson.
Along the main line of the Chicago, Rock Island & Pacific rail-
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way the Saint Peter dips west from Grinnell to a point 12 miles
north of Des Moines at the rate of 6 feet to the mile. (See PI.
XV.) West of Des Moines the strata probably continue their
westward dip through or nearly through Dallas county, beyond
which a very gentle ascent probably occurs. From Waterloo
to Des Moines the Saint Peter descends 1,143 feet, or a little
less than 12% feet to the mile.
The deep-water beds of this district are the Saint Peter sandstone, the Prairie du Chien stage, and the Jordan sandstone.
The latter, however, may not be found well defined in the southern and southwestern parts. In the sections at Boone and Des
Moines the terranes below the Saint Peter are not well demarked,
even the bOl1l1c1a ry hetween the Prairie du Chien and the Jordan
being indi~til'd. TItOll~ll water-bearing sandstones ' will undoubtedly be found below tlle Saint Peter, their pla.ce can not
be predicted alit! their correlation is not always determinable.
In the central and southwestern parts of the district these sandstones are to be found only at great depths and the cost of
reaching them should be well considered before a deep well is
decided on. The history of the Boone wells is exemplary in
this respect.
In the northern tier of counties the, Saint Peter seems to be
unusually thick and the terranes immediately underlying it are
apparently markedly arenaceous.
They lie within profitable
drilling distance of the surface' and may be expected to yield
exceptionally large supplies of water.
Moderate amounts of water may be found in the Galena and
Platteville limestones, but generally wells should be carried
through the Saint Peter or the underlying water beds. 'T he
Herndon supply seems to come from the Galena, and it is quite
possible that had the well been drilled a few score feet deeper
the Saint Peter would have been encounterd.
The waters of the country rocks, especially those of the Pennsylvanian, are apt to be so highly mineralized as to be unpotable.
The gypseous beds of the Silurian also furnish highly mineralized waters at a number of places. Special care should be taken
The' high
to case out these upper waters from deep wells.
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mineral content .of a number of the deep wells le!lds to a strong
suspicion that their waters are derived in part from upper
horizons, yet the lower waters-those of the Saint Peter and
the subjacent beds-have come far, they have sunk deep, their
circulation has no doubt become sluggish, and they have had
opportunity to take up far more minerals in solution than have
the waters ,of the same beds farther to the north and east.
Taking all factors into consideration deep wells can not be
recommended for the extreme southern part of the district, including the southern half of Guthrie', Dallas, Polk and Jasper
counties, except as experiments and where other sources are
unavailable. The depth ,of the Ordovician formations along the
axis of the downwarp from Boone southward r,e nders deep-well
drillillg here, also, of doubtful expediency. Except in these
pal tlS of the uilStrict, however, wells may obtain water of fair
quality wituout Lwing carried to excessive depths. Other
sources of supply should, however, be carefully consider~d before decision is made in favor of artesian wells.
BOONE C OUNTY
BY W. J. MILLER AND W. H. NORTON.

TOPOGRAPHY AND GEOLOGY.

The surface of Boone county is rather flat, although very
gently rolling areas are not uncommon.
The most striking
modification of the general flatness is the broad, deep valley
cut by Des Moines river from north to south across the middle
of the county. A much less noteworthy depression is formed
along Beaver creek in the western part.
Wisconsin drift and Kan~an drift are spread over the whole
county except along Des Moines river, where both hav'e, been
completely eroded . . The drift appears to be thinner on the west
side of the river than on the east. It rests immediately on the
Des Moines stage of the Carbonifer,ous, which has been well
exposed by erosion along Des Moines river.
'
The drift ·formations show rapid variations in thickness, but
are generally horizontal. The rock fmmations dip rather
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strongly to the west in the eastern part of the county and lie
about horizontal in the western part. (See PI. XI, p. 458.)
UNDERGROUND WATER.
SOURCES.

Most of the wells in Boone county obtain water in the sand or
gravel beneath the Wisconsin drift, at depths ranging in different districts from 50 to 120 feet. Where the gravels fail to
yield sufficiently deeper wells must be drilled. Along Des Moines
riv·e r the Wisconsin is altogether absent, and it also appears
to be absent or very thin along the other watercourses.
Where the Wisconsin drift is very thin or absent, especially
along certain watercourses, first water is obtained in the sand
. or gravel beneath the blue clay of the Kansan drift, which affords a persistent and satisfactory supply and is tapped by a
good many wells. Because of rather rapid and local thickening
and thinriing of the Kansan, the depth of this water varies
greatly even in anyone part of the county. D~pths ranging
from 100 feet to nearly 300 feet have been noted, the most common being 150 to 200 feet; the greatest depth appears to be in
the vicinity of Boone. Along Des Moines river the Kansan has
been completely cut through. Unless a well has been sunk into
the underlying rocks, it may be difficult to tell whether the water
comes from beds below the Kansan or below the Wisconsin.
Local good supplies are found in sandy layers in the blue clays
of either the Wisconsin or the Kansan drift sheets . .
A number of wells obtain water from Carboniferous sandstones (Des Moines stage). A few very deep wells, as at Boone
and Ogden, get water in Cambrian sandstone.
On the lowlands along stream oourses the water in the drift
may be under sufficient head to overflow at the surface. The
most important flowing basin in Boone county is along Beaver
creek and its branches. Flows are also obtained along Big creek
in the southeastern part of the county, and at least one flowing
well exists in ther northeastern part of the county in the valley
of Squaw creek. A flowing well has been reported in the northwestern part of Boone and another five miles north of Boone.
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The available data are not sufficiently accurate to determine
definitely the source of these flows, but the best evidence indicates that those along Beaver and Big creeks are derived from
the gravels beneath the Kansan drift, and the others from the
sand and gravel beneath the Wisconsin. The flowing well in the
northwest part of Boone and the one five miles north of Boone
are almost certainly from the Wisconsin.
SPRINGS.

A few springs are found along Des Moines river and some
of the smaller streams, but none are of notable size.
CITY SUPPLms.

Boone.-Boone (population, J ().~-H) (10rin's itf:; water supply
from four wells, 3,010, 2,900, 297 nnll ~(i..J. f0C't deep. (flee PIs.
XI, XVI.) The water is pumped hy nil' lift to a reservoir and
thence to an elevated tank, from which it is distributed by
gravity with a domestic pressure of 40 pounds and a fire pressur'e of 100 pounds. Boone has 10% miles of mains, 46 fire
hydrants, and 500 taps. The ,s ystem serves 2,500 people with
300,000 gaUons a day. The water is plentiful but hard.
City well No. 1 has a depth of 3,010 feet and a diameter of 8,
5%, 4112, 3% and 3 inches; casing, 5% inches to 1,400 feet, 4%
inches from 1,300 to 1,875 feet, and smaller from 1,975 to ' 2,073
feet. The curb is 1,140 feet above sea level and the head 200
feet below the curb. 'T he pump cylinder is set 276 feet below
the curb; ,pumping at the rate of 70 gallons a 'minute produced
no noticeable effect on water level. Water from depths of 45
feet and 195 feet rose to 35 feet below the curb and yielded 40,000 gallons a day; water from the Saint Peter sandstone at
1,875 feet rose to 60 feet below the curb; water from, beds at
depth of 2,700 feet stood 200 feet below the curb but gave
largest yield. Date of completion, 1890. Temperature, 68° F.
The water is corrosive and scale forming; new water pipes
in boilers are eaten out sometimes in six months; scale deposits
at the rate of about one inch a week in heater and one-sixteenth
of an jnch in boiler tubes.
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Record oj strata in well No.1 at Boone."
1Depth
Feet
Pleistocene (200 feet thick; top, 1,140 feet above sea level):
Olay, yellow, sandy, variegated________________________________________________________
OIay, light blue; mixed with angular graveL____ ____________________________________ ____ ___
OIay, light blue; gravel more conspicuous________________________________________________
Olay, yellowish gray, sllghtly arenaceous; and containing fragments of wood closely
resembling red cedar; gravel persists but Is less angular_________________________________
Olay, gray-hlue; more even in texture than preceding, but still containing a considerable percentage of arenaceous material; strongly calcareous___________________________
OIay, yellow-gray; changes gradually to yellow at 140 feet; even-textured, almost
free from gravel, but slightly arenaceous throughout; 3 samples at 100, 110 and____
Olay, grayish yel1ow: containing angular sand and graveL___________________________
Gravel, coarse; embedded In matrix of blue clay; gravel of quartzitic, cherty, and
basicdeep
Igneous
rocks;
many pebbles faceted_____________________________________________
Olay,
brown
_______________________________________________________________________
OIay, blue, massive ________________________________________________________________________
Sand, quartz; fine uniform grain, containing a few grains of calcareous chert_________
Gravel, coarse; composed chielly of granite, vein quartz, basic igneous rocks, quartzite nnd nodules of clay ironstone_ 'fhe latter two bespeak strongly a Coni Measures
origin. The rounded forms of many of the constituents bear evidence of prolonged
attrition __________________________________________________________________________________
Pleistocene (?) (70 feet thick; top, 940 feet above sea level); may helong to Des Moines
stage of the Pennsylvanian:
Shale, buff, arenaceous ; containing a small amount of fine gravel probably carried
down from overlying strata; sligbtly calcareous, loesslike in appearance, and witb
distinct soil odor; samples at 240 and 260 feet clay, drab, sandy, and pebbly; not
molding readily wben wet; sample at 280 feet effervesces freely in acid, and slightly
calcareous below; appearance of old soil at 240 feet; a little wood at 250 feet; 7
samples at 200, 210, 220, 230, 240, 250 and______________________________________________
Oarboniferous:
PennsylvanlanDes Sbale,
Moineshlue,
stagecompact,
(175 feet thick;
870 feet above sea level)hrittletop
___________________________________________________
Shale, blue; a little coal; 2 samples at 276 and ___________________
Shale, hlue, calcareous, and slightly arenaceous________________________________
Shale, light blue, strongly calcareous; more arenaceous than tbe precedlng______
Shale, black, bituminous, fissile; 2 samples at 340 and_______________________
Shale,
bituminous,
mixed____
with
ash-colored fire clay, coal, iron pyrites.
and clay
ironstone
______ ______
________________________________________
"___________
~___________

Shale, black, noncalcareous, brittle; containing an abundance of iron pyrites__
Sbale, gray-blue; Slightly arenaceous at 400 feet but practically noncalcareous
throughout; 4 samples at am, 390, 400 and______________________________
Sbale, aSh-colored, brittle, calcareous________________________________________
Saint Louis limestone and Osage stage (156 feet tbick; top, 695 feet below sea
level)Sbale, gray; a little black shale, much flint partly in the form of geodes;
some limpid quartz; 2 samples at 44!5 and_______________________________________
Mississippian....,
Shale, grayish black, calcareouS' and arenaceous___________________________
Limestone. rhombs of calcite________________________________________________
Limestone, slightly oolitic; 4 samples at 470. 476, 490 and_______________________
Sbale, blue; strongly calcareous; 3 samples at 515, 625 and___________________
Shale, gray-blue; more marly than preceding______________________________
Limestone, blue-gray; Close-textured, brittle; sharply anguJar___________________
Limestone, conchoidal or hackly fracturc_______________________________________
Limestone; abnormal amount of chert__ ______________________________________
Limestone, oolitic faci es. sligbtly quartzite; not angular______________________
Sandstone, friable, fine-grained _________________________________________________
Kinderbook stage (215 feet tbick; top, 540 feet above sea level)Shale. green-gray, sligbtly arenaceous______________________________________________
Shale,
calcareous;
2 samples at 610 and______________________________
Shale. slightly
more marly
_______________________________________________________________
Limestone, gray; 2 samples at 640 and_________________________________________
Limestone, gray, marly; from 660 to________________________________________
Limestone, blue, compact, brittle______________________________________________
Limestone, apparently brecciated _______________________________________________ _
Shale. gray _________________________________________________________________________
Devonian and SlIurlan (520 feet thick; top, 825 feet above sea level):
Limestone, subcrystaWne, gray; 2 samples at 815 and__________________________________
Limestone; shows numerous reddish brown spots, probably due to oxidation of iron
pyrites; 2 samples from 849 to________________________________________________________
Limestone, magnesian, light buff; 2 samples from 930 to _________________________________

10
24
84
45
60
1(0
150
155
165
175
185
195

260
270
In!

S26
835
353
355
370
416
430

450
456
400
600
540
B50
652
660
662
580
690
600
8m
630

eoo

777
790
600
805
830

920
1.016

a Adapted from Beyer, S_ W_. Geology 01 Boone Ooun~y; Iowa GeoL Survey, vol. 5, 1895, pP. 194198. 'fhe assignment to formation s follows closely that of Dr, Beye r.
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Record oj stmla in well No.

1

817

at Boone- Continued

I

Depth

Limestone,
or less argillaceous; fragments of a dark colored shale; 2 ..samples
1,028 and more
_______________________________________________________________________
__________at_
Shale, slightly calcareous ___________________ _____________________________________________ _
Limestone, magnesian, light buff; 2 samples at 1,065 and ________________________________ _
Shale, gray-blue, slightly calcareous; sand present; 3 samples at 1,080, 1,000 and ___ _
Shale, arenaceous; many sand graIns larger than those above, at ______________________ _
Limestone, gray, dolomitic; bituminous shale at 1,130 feet; 3 samples at 1,130, 1,140 and
Limestone, magntslan, buff, saccharoidal; 3 samples at 1,160, 1,170 and ___________ ____ _
LImestone, magnesian; some quartz grains, 8L _________________________________________ _
Limestone, dolomitic, marly; 2 snmples at 1,200 and __________________________________ _
Shale, greenish gray, 8 t _______________________ _________ ________ _______________________ ---LImestone, dolomitic, marly; 2 samples at 1,240 and _______________ ~ __________________ _
Limestone, argillaceous, a t _____ ________ _________________________________________ --------Quartz varicolored, chnlcedonic, a t -----------------------------------------------------Olay, resIdual; a red ocherous substance, charged with whIte calcareous . grains, aL __ _
Sand, quartz, varicolored, a L ____________ -___ ---_______________ ------ -- ------ ------------ --Limestone, cYRtalline. nurl'lish: some llissiJe green shale, aL ________ _________________ _
Limestone, buff; considerable green shale, at _____________________________________________ _
fine, even-textured, brittle,
reduced
to ________
fine sand
hy drill;
2 samples __at_
Dolomite,
1,315 andgray,
_____________________________
____________
__ ____
_________
_______________
Ordovician:
Maquoketa shale (105 feet thick; top, 105 feet below sea level~Shale, green, soft, plastic, only slightly calcareous, from 1,335 to ___________ ____ __ _
Shale, black, carbonaceous, aL _____________________________________________________ _
Shale, buff, magnesian, 2 samples at 1,405 and ______________________________________ _
Galena dolomite and Platteville limestone (405 feet thick; top, 300 feet below sea
leveJ)Limestone, argillaceous, at ___________________________________________________________ _
Limestone, gray, magnesian; 2 samples at 1,450 and ________________________________ _
Limestone, argillaceous, marly, at _______________________________ ______________________ _
Limestone, gray, magnesian; 2 samples, at 1, 500 and ________·_______________________ _
Limestone, buff , magnesian, tinely granular, a1-_______________________________ _
Limestone, slightly cherty;' from 1,545 to _____________________________________________ _
Limestone, buff, magnesian, containing flakes of gray limestone and small cleavage plates of gypsum; 3 samples at 1,580, 1,590 and _________________________________ _
Dolomite, brownish yellow, marly, at _____________________________________________ ____ _
Dolomite,
progressively Iighter colored;
2 samples
1,620 and _________
Dolomite, becoming
buff, at ___________________________
____________
______at
_________________
_______ __
Dolomite, saccharoidal, at _____________________ ______________________________________ _
Dolomite, buff; 2 samples, at 1,660 and _______________________________________________ _
DolomIte, shaly, at __________________________________________ _________________ _______ _
Dolomite, bluIsh gray, marly, argillaceous, at _______________________________ _._______ _
Dolomite, buff; 3 samples, at 1,710, 1,720 and ______________________________ _________ _
OIay, residual, wIth some fine-grained quartz sand, at _______________________________ _
Shale, greenish gray, at _______________________________________________________________ _
Dolomite, brownish, at ______________________________________________________________ _
Shale, greenish gray with dolomite sand, at __________________________________________ _
Dolomite, deep brown, at ______________________________________________________________ _
from buff to greenish gray and texture
be-_
Dolomite,
colorfrom
changes
comes shaly;
1,795 gradually
to _______________________________________________
_____ ______
Shale, bluish gray, at __________________________________________________________________ _
Shale, green, noncalcareol1s, at ______________________________________________________ _
Shale, bluish, at _______________________________________________________________________ _
Saint Peter sandstone (55 feet thick; top, 705 feet below sea level)Sandstone, clear white, graIns well rounded, at. ______________________________________ _
Shale, green; small amount of sand, at _______________________________________________ _
Shale, arenaceous; 2 samples at 1,eeO and _____________ ______________________________ _
Sandstone, clear white, even-grained quartz sand; 3 samples, at 1,880, 1,300 and __
Prairie
du Ohien
stage--at ______________________________ ____ _______ _______________________ _
Shale,
arenaceous,
Dolomite, gray; fine quartz sand, at ___________________________________________________ _
Dolomite, greenisb gray, marly. at _________ __ __________ ________________ : ___________ _
gray; with
quartz;
and much more angular ____________________
than that at 1,880_
Dolomite,
feet; 2 sampies,
at 1.940
andsand
____ __finer
_______________________________
Dolomite, cream-colored, slightly shaly, at ___________________________________________ _

~~iy::i
at-=========================================================~
Shale, ;:d,
buff,g~~~ca~~:;~ou:,t
highly calcareous,
slightly arenaceous, at _______ ________________________ _
Shaie, green : Z samples, at 2,200, and _____ __________________________________ ________ _
Shale, dark blue, and marl, light gray, at ___________________________________________ _

52

Feet
1,040

1,050

1,070
1,100
1,120
1,150
1,180
1,190
1,210
1,220
1,250
1,260
1,280
1,282
1,200
1,298
1,305
1,325
1,385
1,395

1,430

1,440
1,480
1,490

1,510
1,637

1,560

1,600
1,610

1,630

1,640
1,650
l,e80
1,690
1,700
1,730
1,740
1,750
1,760

1,770

1,780
1,810
1,830
1,835
1,840
1,845
1,850
1,870
1 ,395
1,900
1,910
1,915

1,950
1,955

1,975
2,075
2,165
2,260
2,310
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Record of st?'ata in well No.1 at Boone-Concluded

I

Depth

Oambrlan:
Jordan sandstoneSandstone, highly calcareous, buff, flne·grained; 2 samples at 2,510 and____________
Saint Lawrence formation and earlier Oambrian strataShale, yellowish green, highly calcareous, at________________________________________
Sandstone,
fine-graincd, mostly
subanguJar or rounded; many angular
grains, at yellowish,
______________________________
________________________________________________
Sandstone, light buff; grains fine, mostly angular; 2 samples at 2,640 and________
Sandstone, brown, calciferous, fine·grained, at ____ ____________________ ________ _____
Alternating bands of shale, red marl, .and soft red sandstone, without limestone;
from 2,700 to --------------------"---------c----------:------------------------________

Feet
2,515
2;560

2 685
2;660
2,700
3,000

City well No.2 has a depth of 2,914 feet and a diameter of 16
inches to 195 feet, 12 inches to 294 feet, 10 inches to 500 feet,
6114 inches to 1,973 feet, below t.his not reported. The. curb is
1,140 feet above sea .level; water at 195 feet rose to 35 feet
below the curb; water at 1,870 to 1,885 feet rose to 100 feet
below the curb; the largest yield came from 2,846 to 2,900 feet.
The capacity of the pumping apparatus is 70 to 80 gallons a
minute. Temperature, 62° F. The cost, including casing, was
$15,000. The well was drilled by J. P. Miller & Co., of Chicago.
Both deep wells were abandoned in 1906 in favor of supply
from shallower wells.
Driller's log of deep well No.2 at Boone.
Depth

in feet
So II ___ ____ __ __ __ __ __ ___ ___ __ __ ____ __ ______ ____ ____ __ __ __ __ __ ___ __ __ __ __ _______ __
0- 4
Clay, b I u e ______________________________________________________________ ._____
Sand; with water ____________________ -,______________________________________
Sea mud ______________________ _____________ __ ____ ________________________ _____
Clay _________ _________________ ________________________________________________ _

13-45
60

86
V8

Sand; wi th water ____________________________________________________________ 185-195
Clay ________ , ___________________, __ __ __________ _________ ____ __ __ ___ ___ __ ____ ___ _
2,0
Stone, light blue______ ______________________________________________________
355
Shale, black __________ ____________________ ______ ______________________________
370
Sa n ds to n e ___ __ __ ____ ____ __ ____ ____ __ __ __ __ __ __ __ __ __ __ ___ __ __ __ __ __ __ __ __ __ __ _
430
Gravel and sla te _____________________________________ ________________ ________ _
450
Fi re clay ___ ______ ________________ __ _______ _____________________ _______________
457
Hard rock, gas________________________________________________________________
Li m es ton e _______________________________ -_ -- -- - ________ -- -- -- -____ - -- -- __ -- -_ _
Soapstone _________________________________________________________________ ---__
Limestone ________________________________________________________ ---__________
Ston e, red, hard _______________________________________ -------------__________
Marl, red, sticky ___________________________________________________________
Hard limestone _____________________________________________________________ ,
Shale, blue _______________________________________________________________ 1,335,
LI mestone _______ c_________________ ______ __ ____________________________________

471
520
610
642
1,282
1.290
1.315
1,435
1,735
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Rock, 1Igh t brown ______________ _________________ _____________________ _1, 752-1, 800
Shale, blue ____________ . ___________________________________________________1, 840-1. 868
Sandstone; w e ll t ested; amount of water smaIL _____________ ____ 1,870-1,895
Sand, shale, li meston e __________________________________________________1,900-1,975
Crevl ce ____________________ ___________ _________________ ______________ - _____ ---_ _ 2, 075
Limestone _____ ___ ____ _______ ____ _______ __________ _________ ______________ __ __ __ 2,140
Ch alk _________ __ __ __ ___ ___ ____ __ ____ __ ____ __ __ __ __ __ ____ ____ ____ ____ ____ ____ ____ 2, 190
Li mes to ne __ ___________ _____________________ ___________ ________________________ 2, ZOO
Shale and limes tone ________ ,. ________ _____ ________________________ 2,360, 2,650, 2,800
~

~

Shal e, blue ________ ~- ------------------- --- ----------------------- ___ ______ 2, 815-2, 835
Sandston'e, water beari ng _________ __________ _____________________ ___ _2, 846-2,900
Shal e , blu e. soft and s ti cky _________________ _______ ~______________________ 2,914

Record of strata (below 2,009 feet) in well No.2 at Boone.

IDepth

----------------------------------------------------,
Dolomite, cherty; much quartz sand, at __ _____________________________________________________ _
Dolomite, bighly arenaceous, or sandstone , calciferous, at ________________________________ _
Sandstone, brown; grains Imperfectly rounded, at ____________________ _______________________ _
Dolomite, arenaceous; 2 samples at 2,070 and _________________________________________________ _
Dolomite, aren aceous ; mucb sbale, at ___________ ___ ______________________________________ _____
Sbale, buff, bigbly calcareous, sligbtly sandy, at _____________________________________________ _
Dolomite, arenaceous; mucb sbale, at _________________________________________________________ _
Marl, drab, calcareous, argillaceous, and · minutely arenaceous and cberty, at ____ _____ ____ _
Dolomite; witb sbale and sand; 2 samples at 2,218 and ______________________________ _________ _
Sbale, green, at ______________ _____ ___________ ___ _____________________ - _____________________ _____
Dolomite, bigbly arenaceous , at _________________________________________ ___________ --- _________ _
Marl, drab, calcareous, argillaceous, minutely arenaceous and cberty, at _________________ _
Sandstone, calciferous, at _____________ ___________________________ ~ _____________ ---------------Sbale, dark blue, and marl, ligbt gray, at __________________________________________________ _
Marl, greenisb yellow and blue; 4 samples, at 2,315, 2,360, 2,365 and ________________________ _
Sandstone,
calcareous
cement; glauconlferous; much
2 samplesfine·gralned;
at 2,425 and
____________________________________
_____ __argillaceous
__ ____________material;
________ _
Sandstolle; rounded grains; higbly argillaceous; green fissile sbale, at _______________________ _
minuteargiUaceous,
angular grains
beld in calcareous cement, witb some greenisb crypto·_
Sandstone
at __________________________________________________________
crystaIIlneotslUca,
Sandstone; tine rounded grains, calcareous cement, glauconiferous; considerable green sbale
in tbe driIIlngs, at _________________ ______________ ________ ________ __ ___________________________ _
Sbale, bard, slate·colored; in cbips; greenisb yellow marl in concreted powder,at. ________ __ _
Sandstone, buff, calciferous; disintegrating under acid into fine angular partiCles; mucb
hard green lamInated sbale, at _______________________________________________________________ _
Dolomite, glauconiterous; much shale, at ----------------------- ------------------------------Sandstone, greenisb, bard, fine.grained, calciferous, highly glauconiferous; in laminated
chips; also cbips of sfIiceous gray dolomite and much bard green shale, at _______________ _
Shale.
slate·colored,
bard;
in cbips; much greenish argmo·calcareous and microscopically_
_________________________________________________________________________
quartzose
powder, at
Marl,
ligbt
green·gray,
quartzose;
constituents microscopic; sIigbt:ly glauconiferous; 2_
samples, at 2,750 and ________________________________________________________________________
Dolomite, arenaceous. glauconHerous; much sbale , at _______________________________________ _
Dolomite;
as above;
buff meal; ________
marl in____________________________________________________
green·gray concreted powder, at _______________ __
Marl,
green·gray,
at in
_______________
Marl, green·gray, glauconiferous, and dark slaty sbale, at. _________________________________ _
Marl, green·gray, glauconiferous, and bard shale, at. _______________________________________ _
Sandstone, buff; clean quartz grains, imperfectly 'rounded, very diverse in size, tbe largest
reaching or exceeding 1.5 miIIlmeters; water bearing, at _________________________________ _
Sandstone; as above, but coarser; many graIns reacbing or exceeding 1.5 millimeters, at
Sandstone; as above, but somewhat finer grained tban at 2,846 feet, at ___________________ _
Sandstone; at above; 3 samples, at 2,&70, 2,&77 8no ______________________________________ _
Sbale, light drah., sligbtly calcareous; driIlings highly arenaceous, at _______________________ _
Sbale or msrl; in concreted powder, bighly arenaceous; and bard, drab laminated shale, at

Feet
2,009

2,005
2,045
2,135
2,150

2,165
2,170
2,190
2,243
2,250

2,257
2,285
2,292
2,800
2,395
2,435
2,445
2,460
2,620
2,685

"'2,700
2,705
2,727
2,780
2,755
2,780
2,800

2,811

2,817
2,840

2,846
2,855
2,862
2,890
2,900
2,914

820

UNDERGROUND WATER RESOURCES OF IOWA

Driller's log 01 wen at Boone:

IThICkness.] Depth.
Peet

Soil, black, and yellow clay__________________________________________________ _
O1ay, blue, and pebbles __________________________________________________________ _
Sand, whIte and water__________________________________________________________ _
Sand (cleaner and coarser than above) and water _______________________________ _
Gravel and water __________________________________________________________________ _
Olay, blue, and pebbles __________________________________________________________ _
Olay, gray, hard _____________________________________________ ---------__________ _
Sand and lignite ___________ ______________________________________________________ _
Shale, gray ______________________________________________________ -_________________ _
Shale, black ______________________________________________________ ------------------Shale, bluish black ___ ___________________________________________________ -----------

20 '

Feet

20

28

48

67
10
18
67
20
50
10

115
125
143
210
230
280
290

5
2

295
297

Madrid-.-Madrid (population, 1,191) pumps its water from
a well 100 feet deep by a double-action electric motor. The supply is furnished by gravity, with a domestic pressure of 42
pounds; the fire pressur·e is greater. The town has 1% miles
of mains, supplying 17 fire hydrants and 10 taps to 70 people.
The water is plentiful, but fairly hard.
Driller's log, Madrid wen.

I

ThICkness. ] Depth.

Soli, black and yellow clay ___________________________________________________ _
Olay, blue ________________________________________________________________________ _
Olay, yellow, and sand; water_________________________________________________ _
Olay, dark, hard (hardpan) ______________________________________________________ _
Gravel and water; light clay or shale _________________________________________ _

Feet

Feet
16 .
54

24

~II

16

70

94
98

100

Ogden.--...:The town of Ogden (population, 1,298) draws its
supply from a well 2,507 feet deep by steam pump and force
pump combined. The water is distributed by gravity, with domestic pressure of 42 pounds and fire pressure of 42+ pounds.
There are four-fifths mile of mains, 10 fire hydrants, and 26
taps. All business houses and four residences use the water,
consuming 7,750 gallons daily. The supply is plentiful, but hard.
The city well (PI. XI, p. 458) is 2,507 feet deep and 10 to 3
inches in diameter. The original head was 125 feet below curb.
The head in 1905 was 140 fee t below curb. The capacity is 26
gallons a minute, the water coming from 110, 1,650, and 1,820
to 1,851 feet. Date of completion, 1897. Drillers, J. P. Miller
& Company, of Chicago.
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IStrata in city weU at Odgen.
(Based on driller's log.)

I

ThlCkness.j Depth.

Pleistocene:
Feet
OIay ________________________________________________________________ _
50
Sand _____________________________________________________________ _
15
Oarbonlferous:
. PennsylvanfanDes Shale,
Moineswith
stage
(top,
~,029 feet above sea level)coal
at 190
and 290 feet _____________________________ _
845
MfssfsslpplanSaint
Louis
limestone
and
Osage
stage
(top,
684
feet
above
sea
level)Limestone ___________________________________________________________ _
145
Kinderhook stage (top, 529 feet above sea level) __ .... ____________________ _
95
Oarboniferous? (MIssissippian?), Devonian and Silurian (toP. 444 feet above sea
- level):
Limestone __________________________________ - _______________________________ _
Ordovician:
'
171
feet below sea level)MaQuoketa
shale
Shale and
red(top,
marL
________________________________________________
_
Galena dolomite (top, 226 feet below sea level) ____________________________ _
Platteville limestone (top, 666 feet below sea level) ______________________ _
Saint Peter sandstone (top, 726 feet below sea level) _____________________ _
PrairIe
du Chien________________________________________________
stage (649 feet thick; top, 757 feet below sea leveI)- _
Limestone
Limestone and shale_________________________________________ _
Limestone and sand _________________________________________________ _

Feet
50
G5

410
/SI55

650

815

1,285

55
440
60
81

1,820
1,760
1,820
1.851

284

2,0115

75
840

2,160
2,500

It is also noted that the "lime rock had mud veins in5t from
650 to 1,265 feet and was the same from 1,320 to 1,760 feet."
"The rock caves more or less down to the top of the sand rock
about 1,820 feet; from that down to 2,460 feet (depth when
noted) the rock stands up."
WELL DATA.

The following table gives data of typical wells in Boone
county.
Typical welZs of Boone OountJ/.
".
0

...
.'".0

e

Owner

Location

S

2
3
4

5

6

..,

:S

.0

A

A

""'"

z"
1

E

P. Miller ______ 8 miles south, 4 miles

east, Ogden.
J. Pbrallu ______ Buckley
_____________ _
.r. Wilson ______ Ogden _______________ _
City ___ __________ Boone _______________ _
G. TiDer _____________ do ___________ _
Charles Pilcher__ 3~ miles northwest,
Boone.
Dodge Coopers- 3~ miles southwest,
tlve Creamery.
Mackey.

'"

-"'-

0",

""
""
0""

...

0'"
00

'"1»

o~

.0 0
do;

'C.o~

Remarks: (logs given
in feet)

d ... "
"'00
~

I

Feet Feet
Feet
102
(?) Shale (?) __ - 45 Bored well
126 ______ Sand ______

SO FlowIng well. No rock.

205 190(?) Sandstone_ - SO Bored and drilled.
297
280 Sbale (?) __ - 55 Steam air 11ft uled.
75 ______ GraveL____
3 Bored well. No rock.
371 ______ Sandstone_ -140

101 ______ Gravel____ - 40 Puinped by steam for
creamery uses.
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Typical lUJells oj /3oo,ne CQunty-Gontinued

-

..

<1)

Owner

""e

I

Location

I

"

Z

~,

.0

Po<1)

~

8
.£
£

'"<1)

,~

<1)

I

»

o~

o~

",,0

""

Pi

<1)<> c.
... c.
0 '"

rn

",""
..
d""

a:S 'Q) .0

Remarks : (J OgS given
in fe et)

<1) 0 <>

I

Feet Feet
Sand ______ Feet
108
25 Black soli, 5; yellow
clay a nd bIde clay,
85; "sea-mud,"
so·
called , 10; blue clay ,
10; sandy layer and
water (weak flow),
I
1; blue clay and
,
I
"sea-mud," san d
and water (flow) and
fossil wood and gas,
I
47. No rock.,
____
do
__
__
- 4 !ormerly flowed
100 -----+6
· 9 G. ! B . . Abraham_ 3 miles sou theast,
,
Luther.
feet . Black soil, 3;
I
yellow clay, 12; blue
clay, 45; sand (gray)
and water , l' blue
clay, 15; soft blue
clay or "sea-mud,"
83; green sand alld
water, l. No rock .
___ _ - 36 Bored well.
,10 Town ----------- MadrId
100 GraveL
100
____ do '____
11 ' Blake farm _____ ~ mile so-;;th-oTAligus
62 .----- 20 Bored well. No rock.
Ball _________ Near N allier __________
12 E.
215 .----- Sand ______ - 80 Black soil and yellow
clay, 20; blue clay.OO;
yellow clay, 20; blue
clay (bard and dark),
Ill; sand and water,
4. No rock.
1351______ GraveL ____ - 118 Bored
18 J. Nolan _____ ___ 7
mileS northw"st
,well. No rock.
MadrId.
8

W. Abraham ____ 5 miles

Luther.

southeast,

------

I

DALLAS COUNTY
BY O. E. MEINZER.

TOPOGRAPHY AND GEOLOGY.

Dallas county is just south and west of the center of the state.
Along its south margin, principally south of Middle Raccoon
river, the old loess-covered Kansan drift at the surface has been
so profoundly eroded that the topography is rugged; but the
rest of the county, including much the greater part of the total
area, is covered with Wisconsin drift so recently deposited and
so slightly eroded that it forms a typical youthful drift plain,
with gently undulating topography and numerous undrained
tracts. The entire drift mantle probably averages rather less
than 100 feet in thickness and in certain localities is much thinner. Although the Wisconsin drift is superimposed upon the
Kansan, it does not seem to increase the total depth to bedrock,
probably because of the abrasion of a part of the Kansan drift
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by the Wisconsin ice sheet. Over extensive areas, especially in
the northwestern part of the county, a layer of gravel lies between the drift and the bedrock. Thick accumulations of alluvial
and outwash materials are found along the principal watercourses, not only below the flood plain levels but also underlying
.
the terraces 'which border the valleys.
The rocks lying below the drift and outcropping at many
points in the southern part of the county belong to the' Des
Moin,es stage of the Pennsylvanian and consist of several hundred feet of alternating beds of shale, sandstone and coal. (See
1;>1. XVI, p. 814.) In Dallasl county the predomin!mt rock is shale,
but sandstone seems to be more abundant than is usual for this
series. If traced laterally the sandstone strata show rapid
changes in thickness and porosity.
The approximate section shown by a well in the valley of
South Raccoon river, on the farm of Calvin Marshall in the
SE. % sec. 7, T. 78 N., R. 29 W., is reported. by A. G. Leonardi
as follows:
Section of the Marshall flowing wezz.

1Thickness.
Pennsylvanian:
Shale, red and blue_____________________________________________________ _
Sandstone
-----------------------------------------------T---------------Shale and slate,
bituIninous _____________________________________________ _
Sandstone, white _____________________________________________________________ _
Mississippian:
.
_
Limestone, penetrated ________________________ _______________________________

Feet

I

Depth.
Feet

65
6

2CO
20
8

65
"11
271

291
299

UNDERGROUND WATER.
SOURCES.

In both the Wisconsin and the Kansan drift areas most of the
wells are dug or bored and depend on seepage from the more
or less porous seams in the drift. The wells in the Wisconsin
area ordinarily yield the larger and more permanent supplies.
In much of the Wisconsin ar,ea the gravel at the base of the
drift will furnish large amounts of water to drilled wells; and
other beds of sand and gravel at different levels in the drift
will also yield generously to drilled wells; but in some localities
the drill passes into the bedrock before water in sufficient quantities is found. In the Kansan area drilled wells are much less
'Geology of Dallas County; Ann. Rept. Iowa Geol. Survey, vol. 8, 1898, p. 75.
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successful, chiefly because of the radical difference in the head
of the water, which results dir'ectly from the difference in the
topography. In the Wisconsin area the surface is so nearly
level and the drainage so imperfect that practically all porous
deposits are saturated, and the water in the deeper beds is
under sufficient pressure to rush forcibly into the wells that
. penetrate them and rise nearly or quite to the surface. In the
Kansan area, on the other hand, the drift is deeply dissected
and the porous deposits are either drained completely or their
water is under such slight pressure that it will flow only sluggishly into wells. In accordance with this general difference,
flowing wells are found in a number of low-lying tracts in the
Wisconsin area and springE are plentiful in the valleys of the
Kansan area.
The Pennsylvanian sandstone strata are water bearing and
furnish the supply for a number of wells within this county.
They are, however, so inconstant in character that drilling into
bedrock always involves some uncertainty . . The Marshall well
(p. 823) was drilled in 1879 and has overflowed ever ,since. The
water comes from the sandstone at the bottom, and the natural
flow at the time it was visited was about 3 gallons a minute.
The diameter of the well is 1% inches. The flowing well in the
valley at Redfield (p. 8.25) was carried to a total depth of 1,384
feet, but it is reported that the first flow was struck at the depth
of 280 feet. In the wells located on higher ground the water
does not rise to the surface, but it is generally under better head
in the Wisconsin than in the Kansan area. In the former area
it is not unusual for drilled wells to get their supplies from
sandstone that lies a short distance· below the bottom of the
drift.
Two··inch sand wells require screens; which give trouble by
becoming incrusted, but most wells of larger diameter, if not
pumped rapidly, can be finished without screens and are more
satisfactory (p. 222).
The drift water and some of the water from near the top of
the Pennsylvanian is only moderately rich in calcium, magnesium, and the carbonates and does not generally contain
large amounts of sulphates, but the water from the lower part
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of the Pennsylvanian, here as elsewhere in the state, is rich in
sodium and the sulphatesl•
Water may be found below the Coal Measures in the Mississippian limestones, but in no large amount and perhaps of poor
quality, although with good head.
As Dallas county lies in the trough of the Paleozoic strata the
depth to the Ordovician and Cambrian water beds is probably
too deep for profitable drilling. At Adel the Saint Peter sandstone need not be expected at less than 2,000 feet below the surface (1,100 feet below sea level) and the yield from it will hardly
be enough for city supply. The water horizons below the Saint
Peter are uncertain, but within 500 or 600 feet below the Saint
Peter the supply should be largely augmented.
A drill hole made at Redfield, in search for oil or gas, is of
special interest, aR it shows the position of several water beds.
The water, which is !:lighly chalybeate, runs unused into Middle
Raccoon river. The elevation of the curb is about 900 feet'above
sea level.
Recont 01 strata in prospect hole at Reclf'ri,elcl.
(Based on driller's log.)

l

I

Thickness. Depth.

Quaternary:
Surface materIal ______________________________________________________ _
Sand and pebbles ______________________________________________________ _
PennsylvanIan:
Sandstone ___________________________________________________________________ _
Soapstone or 1Ire clay; red between 85 and 105 feet.. ______________________ _
Oave rock ________________________________________________________________ _
Slate, dark, cavlng_____________________________________________________ _
Ooal, 18 Inches; also 27 feet of sandstone, limestone, and cave rock ______ _
°
MississIppIan,
and Silurian:
Glass rock Devonian
_________________________________________________________________
_
MIxed rock ________________________________________________________________ _
MIxed limestone _____________________________________________________________ _
Sand and lime streaks, bearIng mlneral water_____________________________ _
Sand rock; bearing water, whIch comes to the surface____________________ _
LImestone ___________________________________________________________________ _
No record _______________________________________________________________ _
LImestone, dark _________________________________________________________ _
LImestone _______________________________________________________________ _
StIcky cave rock __________________________________________________________ _
Sand; bearIng water ___________________________________________________ _
Peculiar
limestone
Rock, hard;
traces -----------------------------------------------------of sand __________________________________________
Sand, hard; bearing water____________________________________________ _
Sand, hard; changIng to lImestone____________________________________ _
No record ___________________________________________________________ _
Sand; bearIng heavy pressure of mIneral water_________________________ _
LImestone, varIegated ____________________________________________ _
Oave rock __________________________________________________________ _
o _____ _

LImestone
Rock, hard;-----------------------------------------------------breakIng Into Band______________________________________ _
Sand roek; bearing strong water___________________________________ _

Feet

Feet
18
15

87
76
20

8
28

7
8
28

18
88
70
U5
165
168
196
203
206
28~

19

258

~

sas

40

9
20
10
15

10
27
18
12
18

25

10
80
80
60

8

Ii

298

842

863
878

888
898

425

488
450
463
463
498
528

558
608
616
680
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. Record in strata in p?'ospect hole at Redfield-Continued.
Thickness. [ Depth.

~ is:c~lt _~= = = = = = = = = = = = = = := = = = = = = = = = = = = = = = = = = =

Feet

~~~~~~~1f[~~~~~=~~~~~~~~~~~=~=~=:~~l==:=~~~[~j~~~'

\

Very bard, gray marble ________'-_l____________________________________________ .
Olose sand; bears water____________'_____________________________________ _____ _
Olose lime ________________________________ ___________________________________ _
Hard stone ___________________________________________________________________ _
Hard limestone _c _______________________ __ ______________ ________ ___ _________ __ _
Water sand _________________________________________________________________ - __
Lime rock _____________________________________________________________________ _
Dark lim e ___________________ _________ ___________ _______________ ________________ _
Ligb t lime _____________________________________________________________________ _
Traces of sand and water ____________________________________________________ _
Drilled hard ____________________________________________________ __ _________ ____ _
Limestone ______________________________________________________________________ _
Pronounced asph al tum _______________________________ __________________ _____ _
Sand rock _____________________________________________________ _______________ _
Limes tone ______________________________________________________________________ _
Lime, dark ____________________________________________________________________ _
Lime, white _______ __________________________________________________________ _
Lime, dark _____________ _______________________________________ ________________ _
LI me, so it, va rieg a ted _________________________________________________________ _
Radical cbange In lime ________________________________________________________ _
(?) wa ter __________________________________________________________________ _
L i lT1es tone _____ ______ ____ !.. ___________________ ____________________ - _____ --- -- --~

~

~

~

~

:oat;;e~~find_~=============================================================~======~
Very fin<' wa ter sand ____ ________ __________________ _____________________________ .
San ost 0 n P ________ .. ____________________ - _______________ -- - _____ --- -- -~------ - - -Sand 91"0 0 P. C_________ ________. ______________ ____________ - _____ - ____ -_ -- -- ------ -- ..
San ds to De _______________________ ---___ -- -- ____________ -- -- --- -- -- ---- -- - - ---.. Stone,
h a ro
-__ -----water
------broke
-- ---- --In----- -- ------ -- -- ------ -- --- -----Traccs of
lime_______
ann sand:
_____________________________
_____ ---__ _
~

~

--------------. -----------------------------------------------------Rock
red softer;
Rock,, red,
~t J.37R feet water broke In _______________________________ _

"Feet
25
10
43

20
40

ro

18
22
27

10
8
J5
22
39
23
48
17
J2
' 12
5
8
J8
11
7
8
20
23
17
65
10
15
19
JS
12

n

7
12
9
()

5
14
15

655
665
708
728
768
788
SOl
823
850
8'10
868
S83
90.';
037
960
1,008
1,025
1,037
1 ,051
1,056
1.004
1 ,082
1.()ll3
1,100
1,108
1,128
1 ,1;;1
1,lSS
1,233
1,243
1 ,258
1,2i7
1 ,290
1,302
1,3J3
1,320
1,332
1.341
1.350
1,355
1,369
1,384

CITY AND VILLAGE SUPPLIES.

Pe1-ry.-The public supply for Perry (populatirn. 4,630) is
drawn from seven wells. of which three are reported to he four
inches in diameter' and 110 fe et deep. one seyen inches in dinmeter and 117 feet deep, and three 10 inches in diameter and 117
feet deep. They pass through 11 feet of sand and gravel and then
through blue clay to a total depth of 84 feet, below which they
penetrate a 45-foot bed of gravel that rests upon sandstone.
In making the wells, rocks as large as four inches in diameter were brought up-so~e glaciated, others consisting of soft
brown sandstone obviously of local origin. All the wells are
finished with screens except 'one which ends with perforated
casing.. At first they overflowed, but now the water level is
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said to b~ 34 feet below the surface. By th~ application .of an
air lift they together discharge 2,000 gallons ~ minute into an
underground reservoir, from which the water iS ' lifted into a
standpipe by means of duplex pumps. The system includes
about 11 miles ,of mains, 80 fire hyrdants, and 835 taps. The
analyses given in the table (p. 190) show that the water is only
moderately hard and is not otherwise heavily mineralized. It
is us-ed for domestic purposes by nearly the entire population,
and is also utilized extensively in locomotive and stationary
boilers. It is estimated that altogether 'a n average of about
750,000 gallons is consumed daily.
.
The Chicago, Milwaukee & St. Paul Railway has five sixinch wells similar to those that furnish the public supply, and
the Van Camp Milk Condensing Company has two wells of the
same type, one six inches and one ten inches in diameter. In
all these wells air lifts are used ..

GREENE COUNTY

BY

w.

J. MILLER AND

w.

H. NORTON.

TOPOGRAPHY AND GEOLOGY.

The general flatness of surface so characteristic of all areas
covered by the Wisconsin drift is in Greene county considerably modified by the broad valleys, with long gentle slopes to
the: stream bottoms, cut and occupied by North Raccoon river
and 'its few branches, which flow in a general southeasterly dire~
tion acroSs the county.
Earli1er drift than the Wisconsin is found Qver the entire
county, 'b ut the combined thickness of these deposits is in most
places less than 200 feet.
In the western part ,of the county rocks of Cretaceous age,
here very thin, immedi~tely underlie' the drift j' in the eastern
part the underlying rocks belong to the Des Moines stage' of.
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the Pennsylvanian series. From Jefferson a'tongue of the Des
Moines, without Cretaceous above it, extends some distance up
North Raccoon ;iver. (See PI. XI, p. 458.) So far as known
none of the formations show any great departure from horizontality.
UNDERGROUND WATER.
SOp-RCES.

Nearly all of the water used in Greene county is derived from
wells in the drift. Most of these wells strike the important
water-bearing sandstone or gravel stratum beneath the Wisconsin drift, and therefore the depth to this aquifer varies a good
deal over the county, well records shdwing differences of 20 to
150 feet or more. The greatest depths, as a rule, are found in the
western part of tl;le county. Water from this bed is very satisfactory and is practically unaffected by the weather.
Another important aquifer lies beneath the blue clay of the
Kansan drift at depths ranging from 72 to 270 feet, the greatest depth being in the western part of the county. Although this
is the most important and persistent water bed ih the drift comparatively few wells are deep enough to reach it. As the Wisconsin and Kansan drift sheets are not always clearly separable
in a single section, it is sometimes difficult to tell with which one
is dealing.
.
Sand or gravel beds of consderable thickness are found locally
within the Wisconsin or Kansan drift sheets, and a good many
wells undoubtedly get their water supply from such deposits.
ARTESIAN BASINS.

In several places in the county wells in the drift yield flowing
. water. One of these local artesian basins is in the southwestern
part along the Willow creek bottom, where flows are easily obtained by wells ranging in depth from 26 to 100 feet or more.
The water probably comes from gravel beneath the Wisconsin
drift.
.
Another basin is in the vicinity of Jefferson, where a number
of wells along North Raccoon river and Hardin creek bottoms
yield flowing water. The aquifer from which the water comes
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has not been definitely determined, but it is probably the gravel
beneath the Wisconsin drift at depths of 100 to 125 feet; west
of Jefferson at least one well, 270 feet deep, derives flowing
wat€r from gravel beneath the Kansan drift.
A third important baEi~ lies along the principal stream bottoms in the northeastern part of the county. Good well records are not available to show the source of the water, but in
some places, as in the vicinity of Grand Junction, the water
seems to come from the bas'e ' of the Kansan drift. In other
places the wells are much shallower, and the water horizon
appears to be at the base of the Wisconsin drift.
A number ,of deeper wells have penetrated the drift and have
gone into the Des Moines stage, obtaining water chiefly in sandstones. The deepest well (2,026 feet) in this county, that at
Jefferson, derives its supply from Cambrian sandstone.
SPRINGS.

Springs of small size drawing water from the drift deposits
are rather common along the main stream courses.
CITY AND VILLAGE SUPPLIEs.

Jefferson.-The city well (PI. XI, p. 458) at Jefferson (population, 2,477) has a depth of 2,026 feet and a diameter of S
inches; cased to 1,400 feet. The curb is 1,110 feet above sea
level, and the head 40 feet below curb. The capacity is 200 gallons a minute, the water coming from 1,400 feet. The well was
completed in 1886 by J. P. Miller & Company, of Chicago. The
water is pumped by compressed air to a reservoir, from which
it is forced to an elevated tank. It is distributeu by gravity
pressur,e of 60 pounds through 31/2 miles of main to :?:! fire
hydrants' and about 200 taps. About 1,200 persons use the supply, and the daily consumption is 50,000 gallons. The water is
hard but is otherwise good.
The strata penetrated by this well are shown in the following.
record:
Record 01 strata in city wen

~t

Jefferson.

Carboniterous:
Depth
Pennsylvanianin teet.
Sandstone, dark buff ; moderately fine grains, imperfectly rounded______ 260
Sha l e, da rk, un ctuous, noncalcareous _______________________________ ••• _._.____ 27()
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Mississippian. Sandstone, argillaceous, slightly calcareous; grains of pure quartz,
from fine to coarse and but Jittle rounded by attrition____________________
Chert, gray; large to small grains of l!mpid quartz, probably from
above, and a little white limestone________ ___ __ _______________________________
Limestone, white, rionmagnesian; highly arenaceous, with minute
quartzose particles and some rounded grains________________________________
Limestone, dark and light drab; hard ______ ~----------------------------- __ ______
Shale, green-gray, pyritiferouS', calcareous (Kinderhook)________________
Devonian ( ?) :
Limestone, light buff, crystalline, pure ____________________________'______ ________
Silurian and Galena (OrdovIcian):
Limestone, magnesian; in white powder ; pure ____________________________________
Limestone, magnesian, or dolomite; some shale In brown powder; residue
ch e rt y - -- -- -- -- -- -_ __ __ __ __ __ __ __ ____ __ __ __ ____ __ __ __ __ __ __ __ __ __ ____ __ ____________ _________
Limeston e , magnesian; brown; In fine sand; effervescence rather
ra pi d ----- ---- ---- -- -- -_______________________________________________________________ 1. 200,
\ Limestone, magnesian, light blue-gray; luster earthy __________________________
Dolomite, light buff; in fine sand; highly cherty ________________________________
Dolomite or magnesian limestone, brown, cherty; slow effervescence ______
Ordovician:
Plattev!lJe J!mestoneShale, green, sligh tly cal careous _________________________________________________

340
350
355
525

700
800'
1.000
1. 100

1. 300
1,850
1.450

1.600

1.670

Saint Peter sandstoneSandstone, fine, white, clean; rolled grains, 50 f~et thick _________________ 1,700
Prairie du Chien stageDolomit e; in fine sand deep brown; some chert -___________________ _____ 1,74&
Sandstone; in yellow powder and sand of angular particles of quartz
wi th a few round grains _________ ___ ____ ___________________________________ 1. BOO, 1,880

Scranton.-The water supply of Scranton (population, 845)
is derived from a well somewhat over 200 feet deep. The water
is. pumped to an elevated tank from which it is distributed by
gravity through about 'a mile of mains to five fire hydrants and
45 taps. The domestic pressure is 50 pounds and the fire pr,essure 100 pounds. About 250 people use the supply, the daily
eonsumption averaging 15,000 gallons.
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WELL DATA.

Information concerning typical wells in Greene county is presented in the following table:
TypicaZ wells

Owner

01

Greene Oounty.

Rem arks:
(Logs in foet)

Location

D. Fltz _______________ 8 miles west of Ohurdan.
Mlnncapolis & St. Grand Junction ___
Louis Ry.

Dr. Arthur •

6 miles south of Ral·
ston.
WIlliam Anderson ___ 6 miles southeast ot
Jefferson.
Electric light plant ___ Jefferson ____________
Albert Head _________ 1 mile west of Jeffer·
son.

Feet

Feet

190 Sand __ ____ -00

325 Sandstone_ -13 Engine

26 Sand ______

+

supply. Black soil,
yellow clay, blue clay, lire
clay (white), shale (white),
~
toot iron pyrites, 12Q;
sbale (dark) and black jack,
30; coal, 1~; lire clay, 64;
sandstone and water at bottom shale, 110.
2 Flowing well.

192 Gravel_____ -SO
134 Sand ______ -60 Boiler use.
270 ____ do ____ +3 Black soil, 10; yellow clay, 15;
sand and water. 15; clay

(dark brown and tough),
potter's clay (white).
blue clay, 100; sand
(hardened) and water, '50;,
sand, 52.
16;
12;

Mr. Weant __________ 2 miles west of Paton

159 Sand and

R. Townsend _________ 5 miles east 2 miles
north of Ohurdan.

146 ____ do ____ -13

R. Adamson _________ 2 miles north of Bay·
ard.

127 Sand ______ -.'30 mack soil, 16; sand, 80; blue-

-.'30

gravel.

clay, black "muck" and
fossil wood, 16; sand and
water. 15.
Hard, iron bearing.

John McCarthy ______ 2 miles north of Jef- 105 Gravel and +21)
frr~on .
sand.
Town
of
Grand Grnnrt .Junctlon _____ _ 75 ____ do ____ +25 Publlc well.
.lunctlon.
Willi"," Diamond
7 milps nnrt!mcst of 103 l'innd ______ + t
farlll.

.I d/orson .

Ed. Jones ___________ 4 mil<-,
Ohas. Reidel _________ 1

of

nurthpn~t

Grund .!uoctioll.

mile south
Rippey

of

3fJO

Sanrlstonc_

--4~

160 ,nnd _____ . --fO
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GRUNDY COUNTY.

BY W. J. MILLER AND W. H. NORTON.

TOPOGRAPHY AND GEOLOGY.

Grundy county comprises an area of low, broad hills which
give its surface a slightly undulating appearance. As a rule the
hills' are just high enough to cause the land to be fairly well
drained. There are no large streams ' to pr,oduce noteworthy
topographic irregularity.
Iowan drift deposits underlain by Kansan drift extend over
the whole county. In some small areas loess may be present.
Beneath the drift 'a re sedimentary formations-limestones and
shales-belonging to the .Mississippian series (Lower Carboniferous). These extend over the whole county exoept in the extreme northeast corner, where the drift rests on Devonian rocks
(PI. VI, p. 310), and in the middle western portion, where it lies
above shale and limestone of the Des Moines stage of the Pennsylvanian series (Upper Carboniferous).
The drift deposits are practically parallel to ,each other except
for local thickening or thinning and there appears to be a general slight eastward dip of all. The underlying' rock formations
dip slightly westward.
UNDERGROUND WATERS.
SOURCES.

The most important aquifer in the drift is the sand or gravel
bed at the bottom, which nearly everywhere yields a good supply
of water. The depth to this aquifer ranges from 125 to 230 feet,
according t,o the thickness of the drift sheets in different parts
of the county. This aquifer is rarely lacking in Grundy county.
Higher up and within the blue clay there are some local waterbearing sandy layers. In many localities, however, the water
supply from these is small and may 'fail altogether after a
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time. Surface wells in the drift fluctuate with the seasons and
very few farmers depend on them.
In the rock formations below the drift water is obtained by
the deeper wells, many of which have been sunk in recent years.
SPRINGS.

Springs of any considerable size are not known in the county.
Those that do exist are merely seepage flows from the drift deposits.
CITY AND VILLAGE SUPPLIES.

Grwndy Center.---.:The water supply of Grundy Center (population, 1,354) is obtained from a well 469 feet deep, drilled in
1897 (¥) by P. Pfiffner, of Traer. The well is eight to four
inehes in diameter and is cased to the bottom. The water level
is 80 feet below the curb.
The strata penetrated are indicated by the following log:
Driller's Zog ' ot city well at Grundy Genter.

l

ThiCkness.[ Depth.

Pleistocene:
OIay, yellow ______________________________________________________________ _
Olay, blue, and some water-bearing sand_______________________________ _
Oarboniferous
(Mississippian):
_
Limestone _________________________________________________________________
Shale, some water___________________________________________________ _
Limestone ____________________________________________________ __________ _
Shale, some water ____________________________________ ____________________ _
Devonian:
Limestone ___________________________________________________________ _

Feet

10
180

5
4,

6
80
184

Feet

10
190

195
199
2Q5

285
~g

The water is distributed by gravity, under a pressure of 56
pounds, through 0.26 mile of mains, to 21 fire hydrants and 120
taps. About 600 people use the supply. It is reported that
about 5,000 gallons are used daily. A larger supply might be
obtained by sinking wells through the Devonian and Silurian
limestones to the Maquoketa shale (Ordovician), which here lies
675 to 725 feet below the surface. The Galena and Platteville
limestones would also probably yield some water. The Saint
Peter sandstone should be reached at 270 to 350 feet below sea
level or la t a depth at most of 1,325 feet below the surface. Probably these formations would give sufficient water for the needs
53

834

UNDERGROUND WATER RESOURCES OF IOWA

of the town for many years, but a large supply may be had from
the Prairie du Chien stage and -the Jordan sandstone, which
would be reached by a well a little more than 1,800 feet deep.
The water should be of good quality.
Re~nb eck .-The town well at Reinbeck (populatio"n, 1,205), 339
feet deep, yields a good supply of hard water.
The secti on reported by the driller is as follows:
Driller's log of Reinbeck town well.

I

Thickness. \ Depth .

Clay, yellow _______________________________________________________________________ _
Clay. blue, and sandy beds; water. ___________________________________ __________ _
Shale ____________________________ ________________ _________ _____ __________________ _
Limestone; water _____________________________________ ____________________ -_______ _

Feet

,

Feet

225
20

,

221l .

249
339

90

The water is pumped by steam pump and is distributed under
gravity pressure of 43 pounds through three miles of mains to '
13 fire hydtantsand 140 taps. About 700 persons are ~upplied;
the daily consumption is estimated at 24,000 gallons.
WELL DATA.

Information concerning typical wells
sented in the folIo-wing table:

III

this county

IS

pre-

Typical wells of Grundy County.

I
I

I

Own er

l'

Location

:Finluy~oIL

__ _ 7

S

I
miles north
Morrison.

of

""'"

~

miles southeast of
Grundy Oenter.

580

John Gange

3 miles east of Reinbeck.

273

3~

344

miles northeast
of Grundy Center.

6.

;;;
'0

"'"

,,-

~l»

0,,"

00

I

:.-

;;
OJ

.0
'0.0
'
,,~

Remarks:
(Logs given in fe et)

~2

Feet
Pumped by windmill. YeJ60
low clay, 12; sand (some
water) , 190; shale, 20;
limestone and water, 20 .
200 ____ do ____ 60 ' Yellow clay, 8; blue clay
full ot pebbles in sand
layers, 192; limestone,
some sandy, 377; shale,
~; limestone and heuvy
flow of water, 2. Pump·
cd by windmill.
Black soil. yellow clay
140 ____ do ____ 100
and blue shale with some
sand beds and water,
140; shale, dark hard
rock, and iron pyrites,
60; limestone and water,
18 to 20.
277 Sandstone_ 140 Yellow clay, 37; blue clay,
and some sand, 220;
sand and much water,
20; shale, 60; sandstone ,
red 7.
202 Limestone_

242

,j

L. G. BenkeD ______

~

Feet Feet

Henry Muller ______

-------

£
15.
OJ
.c

il

I
Geo.

""<:.>

,
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Typical wells oj G'fundy County- Continued.
."i

e:.>

...0
Owner

Location

Z
Q

0>

A

Mickley Bros.

miles southeast of
--- 6 Ackley
.

S. Slnneng ------- ! miles southeast of
Ackley.

.£
Z

'"

0>

A

b~

'0
0>

......
"

::l_
0 '"
CI.l

Feet Feet
162

393

146 GraveL ____
215 No water __

"'

0

Remarks:
(Logs given in ftet)

Qj
D
""D

~~

~"

Feet
Enters limestone 6 feet.
70

------ Abandoned. Yellow clay
a nd sand, · 32; yellow
clay, 58; blue clay, 70:

hardpan, 10; yellow clay,
20; blue clay, 18: black
clay, 7; sand rock (yel·
low), 2' soapstone or
hard sbale , 35; soapstone
or soft shale, 6; soft
soapstone or shale, 85;
very hard blue shale, 60.

GUTHRIE COUNTY.

BY O. E. MEINZER AND W. H. NORTON.

TOPOGRAPHY.

The topography of Guthrie county is of two strikingly different types. South and west of Middle Raccoon river the old
loess-mantled Kansan till lies at the surface and is thoroughly
dissected and perfectly drained; northeast of that stream the
much younger Wisconsin till overlaps the Kansan and presents
a typical gently undulating drift plain, ,a lmost untouched by
stream erosion and hence poorly drained, marked with abundant ponds, swamps, ,a nd sloughs.
GEOLOGY.

Several formations differing widely in age and character ,o'Verlap in Guthrie county, making the geology peculiarly interesting and the ground-water conditions more varied than in most
of thG other counties of the state. The oldest rocks exposed are
of Carboniferous age and belong to the Des Moines stage of the
Pennsylvanian series, which underlies the entire county, with
a thickness of several hundred feet, consisting of shale alternating with numerous thin beds of limestone, sandstone, and coal.
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N ear the south margin of the county the Des Moines is capped
by the basal limestone of the Miss-ouri stage, also of the Pennsylvanian series. Upon the eroded surface of these old formations lie Oretaceous sandstones and shales, well developed and
nearly continuqus in the western half of the county, but thin ,o r
entirely absent in the eastern half. Finally, Oretaceous and
Oarboniferous alike are in general deeply buried beneath the
glacial drift.
UNDERGROUND WATER.
SOUROES.

The Pennsylvanian s'e ries includes some sandstone strata
that yield moderate amounts of mineralized water under sufficient head to rise nearly or quite to the level of the deepest
valleys, but these sandstone strata are so scarce and so readily
give place laterally to impervious beds that ,a ttempts to tap
them are very liable to failure.
In the western half of the county the Oretaceous is a fairly
reliable aquifer, but in the eastern half it is commonly too thin
and irregularly distributed to be of consequence. In the former
section it is found with considerable regularity about 250 feet
below the upland surface, and its less cemented beds supply
water freely, though the water is not under much pressure and
does not rise many feet in the wells. Wells of four inches or six
inches diameter with independent pumps are mc>re successful
than two-inch "tubulars. '"
The upper part of the Kansan drift is sufficiently porous to
allow a slow seepage of scanty water to wells of large circumference. Associated with this drift are also beds of sand ,a nd gravel
whose value as water bearers is entirely different where the
Wisconsin drift is present from 't hat where it is absent. Where
it is absent, they are 'e ither drained or contain water under slight
pressure only, 'a nd hence do not generally supply drilled wells;
where it is present, they are charged with water under sufficient
pressure to flow freely into a drilled well and to fill it nearly to
the top or even to rise above the surface. The village well at
Stuart (p. 841) is supplied from a bed of sand beneath Kansan
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till. Its head is low and its yield not great, but if this same bed
of sand occurred in the area of Wisconsin drift the water would .
be under much greater pressure, would rise much higher in the
well, and could be recovered at a much more rapid rate.
PROVINCES.

In respect to ground water the county is divisible into three
provinces-one in which the Wisconsin drift is at the surface,
one in which the older loess-covered Kansan drift is at the surface and is underlain by water-bearing Cretaceous beds, and one
in which the older drift is at the surface and is not underlain
by water-bearing Cretaceous beds. Very roughly, the first province may be said to comprise the area northeast of Middle Raccoon river, the second the western part of the area southwest of
that stream, and the third the eastern part of this last area.
The; first province has the most faViorable ground-water conditions. The porous parts of the drift are saturated ,a lmost to
the surface and flowing wells are frequently obtained, as, for
example, in the village of Bagley and in Richland township, between Yale and Herndon. Water-bearing beds are likely to be
encountered at any level in the drift, and many of the flows come
from wells less than 100 feet deep.
In the second province seepage from the drift is largely relied
on, but the drilled wells go to the Cretaceous and obtain supplies
that are not influenced by drought. In the third province the
Cretaceous is lacking, shallow drift wells are :e verywhere in use,
and successful drilled wells are scarce.
CITY AND VILLAGE SUPPLIES.

Bagley.-In Bagley (population, 488) there are 12 or more
flowing drift wells. A public system of waterworks has recently
been installed.
Guthrie Center.-The public supply of Guthrie Center (population, 1,337) is derived from seven wells located in the valley
12 feet apart. The wells consist of 3lj2-foot holes dug through
sand and other loose materials to the Cretaceous bedrock at a
depth of 28 feet, below which they are drilled to a gravelly
stratum at about 50 feet. The water rises within 18 feet of the
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surface and the pumps are placed about eight feet below the
surface and draw by suction from all the wells simultaneously.
Pumping at the l'iate of 200 gallons a minute for several hours
produces no noticeable effect except temporarily to lower the water level somewhat. The wells are finished with open ends and no
difficulty with sand has been experienced. The water is only
- moderately hard and is preferred to the shallow well water.
There ,a re two standpipes situated on high ground, and about a
mile of mains connect with an extensive system of smaller pipes
leading to about 300 points 'of consumption. The water is used
by nearly the "entire population and also by the railway company for locomotive supplies. According to the records, the
average daily consumption in 1908 was only a little less than
60,000 gallons.
The Mississippian limestones would probably yield a small
supply of highly mineralized water under ·a head sufficient to
bring it within easy pumping distance of the surface. Other and
presumably better supplies can be had in the heavy beds of limestone which intervene between the Mississippian and the Saint
Peter sandstone, but, as in all limestone beds, the water will occur in crevices and solution passages whose depth can not be
predicted and which may not be struck by the drill. Guthrie
Center is 1,077 feet above sea level; the Saint Peter sandstone
probably lies about 1,000 or 1,100 feet below sea level, or about
2,100 to 2,200 feet below the surface. The water from this bed
and other beds above may together b~ enough for the town sup,
ply. Unfortunately, little information is available· as to the
water beds below the S'a int Peter in this area. Apparently the
subjacent sandstones are less well defined than in eastern Iowa,
but a well sunk 2,750 feet below the surface shouid te'st -their
capacity and would pl"o-b ably obtain a supply adequate to a town
of 2,000 people.
Herndon.-Little except the depth is known concerning the
Chicago, MilwauJree & St. Paul Railway well at Herndon. It
was drilled by W. H. Gray & Brother of Chicago to 'a depth of
1,700 fe'e t (~) from a curb elevation of 1,062 feet above sealeveL
The well does not appear to have foun~ wa~er. rrhe record of
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the strata, as made out from drillings furnished t o the United
St'a tes Geological Survey, is as foilows :
Record ot strata in Ohicago, Milwaukee & St. P aul Railway wen at H erndOn.

I

Thick· \ Depth.
ness.

No samples ____ __ ____ _______________ __ ____ __________ ___ _____________________________ _ Feet
534
Shale, drab,
a few chips____________
of limestone
and_______
a little
white
chert _______
20
Shale,
drab calcareous;
________ ___ ______________
__ ______
___ __
__________
_____ ____

Feet

~

~~,
::: §f~:n~~~~_:
__~~~~~~~============================:================================
Sh :ale,
green , sligh
tly calcareous ________ ____________ _____ ___________ ______ , ___ ______ _
Llmcstone, blue-gray; in small chips; effervescence slow; some shale from above
Limestone, light blue-gray; crystalline; In large flaky chips ; moderately rapid
effervescence; 2 samples ___ ______ ______ __ ________ __ __________________ _______________
Llmesto;, blue-gray; effervescence slow; 5 samples _____ _________________ ____ _______ _
Llmesto e, blue-gray; slow effervescence; some chert _____ ________________________ ____ _
Llmesto
limestone,
light blue-gray,
with slow effervescence;
shale,
hard , dand
ark shale;
blue ______
___ __ _______________
__ ________________________
_____________
___
Limestone, blue-gray and buff;slow effervescence __ _________ __________________________ _
Limestone, light buff; slow effervescence; in chips; 6 samples____ _____ ________ ______ _
Limestone, drab; slow effervescence; 2 samples ______________________ _______ ________
Limestone , buff; slow effervescence; drillings contain an unchipped fi sh tooth (of
Mississ>ppian age) apparently from SQme higher horizon ___ ___ ___________________ _
Limestone, buff, crystalline; slow effervescence; 2 samples_________ __ ___ __________ _
Limestone, blue-gray and buff; slow effervescence _____ ______________________________ _
Li mes tone, drab; slow effervescence_________ _______ _______ __________ _________ ______ _
Shale or marl; highly calcareous; much anhydrite; in concreted powder __ _______ _
IJlmestone, hard , drab; slow effervescence; 2 samples ____ ___________________________ _
Shale, drab; facies of Maquoketa shale; 3 samples ________ _____ ____________________ _
Shale, light, yellow , highly calcareous; 'in concreted llowder; 3 samples______ _______ _
Limestone, white; but drillings stained with ferruginous films so as to be b uff in
mass; in fine sand; slow effervescence; with considerable chert and crystalline
quartz in Irregular grains and with some secondary enlargements _____________ _
slow effervescence;
drillings stained
' deep
ocherLimestone,
crystalline;
_________________
____ ________ ________________
___ ___ ___
___ _____
__
yellow; Inwhite,
fine sand
Chert, in small chips; white and gray__ _________________ _______ _________________ _____ _
Chert and shale, blue; In large concreted mass _______ _____ _________________________ _
Limestone and chert; in fine sand; buff iil mass; effervescence slow_______ ________ _
Limestone
chert; small
as above;
some
microscopic
particles and
Im-_
perfectlyand
rounded
quartz
gralns
_________ _quartz
____________________
____some
________
Limestone, argillaceous, or shale, calcareous; white; In concreted masses; gritty
with quartz
lime particles;
residue argillaceous
and siliceous with microscopic
crystalline
__ __________________
__ ________________________________
------- __ _ ___
__ ____
Limes tone, gray ; in .flne chips; slow effervescence; much gray ehert___ ____ __ ___ ___ _
Limestone, buff in mass, in fine sand; much chert; residue of microscopic crystalr
line quartz; 2 samples ________ __ ___ ________ ______________ __________ ~-- - ----- ___
Limestone and shale; limestone, dark drab, argillaceous, crystalline to earthy,
slow effervescence; shale, in chips, hard, green , fisslle _______ ____________ ________ _
Limestone and shale; limestone light buff or gray, crystalline to earthy; r apid
effervescence; In fiaky chips; shale as above ________________ ___ ___________ ______ _
Limestone, gray and buff; rapid effervescence; In sand; some drab flint and
minute 'imperfectly rounded grains of quartz ___ ____________ ________ __ ________ _

634 ,
554
574
614'
634
654
674

20
40
20
20
20

40
100
20

714

20
20
126
50

854
814"
1,000
1,050

814

834

25
50
25
25
25
60
75
76

1,075
1,125 •
1,150
1,175
1,200
1,250
1,325
1,400

25

1,425

25
25
25
25

1,450 ,
1,475
1,600
1,525 '

25

1,550

25
25

1.575
l ,flOO

40

1,640

20

1 ,660

20

1 ,680

20

1 ,700

Analysis ot rock trom depth ot 794 to 814 teet in railway well at H erndon.'
Ca C 0

48.10
35.51
S I 0, _____ ________________ __ _______ ______________ __- _____ - _____ -- -- -- -- -- -- -- -- -- -- - 13.55
Al,O. _____________ _____ __ _________ __ ________ ___ __ _________________ -_______ -- -- -- -- - 1 .74
__ _ __ _ ______________ _ _______ _ _ _ _ _ ___ _ _____ _ _________ _ __ _ ___ _ __ -- -- - _______ - _ _

3

M gC 0

_______ _ ________ _ __________ _ __ ____ _ _ _ _____ _ _____ _ __________ - __ _ -- - ___ - - -_ ___

3

F e,03 - -c______________ ___ _______ -- -_ -- -- -- -- -- - - -- -- -- -- -- -- -- - - -- -- -- -- -- -- ---- ~ - -

.59
99.49

'Made iI,l chemical laboratory of Corn e ll College, Mount Vernon, Iowa.

840

UNDERGROUND WATER RESOURCES OF IOWA

The N at~onal Refining & Manufacturing Company well at
Herndon has a depth of 895 feet and a diameter of 13 to 8 inches.
The curb is 1,052 feet above sea level and the head 60 feet below
curb. The water comes from 20 feet, 165 feet, and between 720
and 895 feet, in rock reported as "honeycombed limestone."
Date of completion, 1908. The water is heavily charged with
sodium and foams so much as to prevent its use in locomotive
boilers.
Record of strata in. Nationc,l Refining & Manufacturing Oompanll wen at
Herndon.

I

TbICk-' Depth.
ness.

Unknown ___________________________________________________________________________ _ Feet
20
TlU, blue, clayey________________________________________________________________ _
111.
Sand, gray; grains angular, almost loesslal In fineness, with some coarser; this Is
the "gas
of the
region
and
blows out with the gas by the wagonload_
not sand"
drowned
with
water
_______________________________________________
when
10
Sand, yellow, coarse, and gravel, glaclaL _____________________________________ _
15
Sand, orange, coarse __________________________________________________-________ _

~~:l::
~i~_c~~~~~__ ~s_~~~========:====:=================::=:========:::::::::::
Limestone, argillaceous and finely arenaceous, dark buff or drab; rapid etIerves-

cence; and chert, dark drab, with much chalcedonlc sllfca In large chips and a
little drusy quartz; chalcedony reported as "water granite" _________________ _
Limestone. drab, highly argillaceous, microscopically quartzose; with chert and
chalcedony; shale of same color, calcareous ___________________________________ _
Ohert,
dark drab
and blackish;
highly conchoidal fracture; a little milky white_
translucent
chalcedony
______________________________________________________

Limestone. gray, highly arglUaceous; milky white chalcedony and wblte cbert__
Limestone,
blue-gray; __________________________________________________________
rapid effervescence; argillaceous; crystalline-granular; much_
white chalcedony
Limestone, almost white, coarse, crystalline-granular and limestone, light creamcolored, soft. In fiaky chips; effervescence rapid, considerable blue-gray fiint
Limestone. dark buff and drab , finely crystalline; effervescence moderately rapid;
with
Irregular,
minute masses of blue flint; residue contains minute_
,rainsembedded,
of quartz
______________________________________________________________
Limestone, whltlsb, macrocrystalllne, soft; rapid effervescence; some joints of
crinoid
stemswith
and naked
oolites eye
or____________________________________________________
perhaps tests of foraminifers almost too minute_
to be seen
Shale. green. plastic. fissIle. noncalcareou8 ______________________________________ _
or magnesian IIme8tone. blue-gray. hard. subcrystalllne; effervescence_
Dolomite
slow ___________________________________________________________________
Shale. plnldsh gray, slightly calcareous______________________________________ _
Limestone,
magnesian. blue-gray. subcrystalllne; effervescence rather slow; 2_
samples ________________________________________________________________
Limestone.
hard, ________________________________________
fine-grained; some lithographic. subconcholdal_
rapid effervescence
fracture; yellow-gray.
No samples ______________________________________________________--------_

10
90
10

Feet
20
135
145
160
170
260
270

10

2BO

25

805

55

860
890

SO

10

420

10

4SO

10

440

180
20

l500
GOO

20
15

G40

G55

40

695

25
175 '

720
895

The sets of drillings from the two wells at Herndon are, fortunately, complementary and ,a fford a fairly complete section.
It will be noted that the Chicago, Milwaukee & St. Paul Railway well stopped near the summit of the Saint Peter sandstone
in shale resembling much the Decorah shale. Had drilling been
carried a few hundred feet farther into the dollomite of the
Prairie du Chien stage, an abundant water supply would probably have been obtained.
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at

841

'Hernaon.

Well of National Refining & lIIanufneturing Company.

GeologIc DIvIsIon.

Eleva tlon
Thlckness. above sea
level.

I

PleIstocene serIes ______________ ____________________ __________________- ______ .
Des MoInes stage ___________________________________________________________ _
SaInt LouIs limestone and Osage stage____________________________________ _
Well of Chicago,

lII1hva~ee

I

Feet
ISO
100
254

Feet
B82
782
628

& St. Panl naUway Company.

KInderhook shale __________________________________________ -__________________ _
DevonIan (1) and SlIurlan_________________________________________________ _
Maquoketa shale ______________________________________________________ - ______ _
Galena and PlattevlIIe llmestones _________________________________________ _

120
6g0

75
381

408
- 182
--!!57
--<l38

Parnora:-The public well at Panora (population, 1,080) is 16
feet in diameter and 40 feet deep and ends in sand. At present
it furnishes about 9,000 gallons a day, but its maximum capacity
is much more than this amount. The water is pumped by means
of water power transmitted thI"ough an electric current. It is
lifted into an elevated tank and is thence distributed by gravity
through about two miles of mains to 10 fire hydrants and 75 taps.
It is used by perhaps one-third of the people.
Stuart.-The well that furnishes the public supply of Stuart
(population, 1,826) is six inches in diameter and 92 feet deep.
It is on the upland, extends thI"ough clay, and is finished with
an open end in a bed of sand or gravel from which the water
rises to a level 76 feet below the surface, or 1,130 feet above sea
level. With the cylinder placed three feet above the bottom, the
well has been pumped continuously for three weeks at 16 to: 20
gallons a minute; this rate of pumping lowers the water to the
bottom of the cylinder and the well can by no device be made
to yield more. Wells ending with screens in the same bed of
sand were at first used, but the screens became clogged and the
wells were lost. The wate'r from this source is of good quality, though it contains considerable calcium carbonate, which
gives it a temporary hardness. (See analysis, p. 190.)
The waterworks include a small tank set on a low tower and
connected with about one-fourth mile of mains. In spite of
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the small service, the consumption at present la pproaches the
maximum capacity of the well. As the system is inadequate
in pressure, reserve of water, and extension of mains for fire
protection, a number of large wells have been dug in different
parts of the town and la portable fire engine is kept in readiness.
HAMILTON COUNTY.
BY W. J. MILLER AND W . H. NORTON.

TOPOGRAPHY AND GEOLOGY.

The surface of Hamiltlon county shows the topography characteristic of the Wisconsin drift areas and is for the most part
so flat and poorly drained that ponds and lakes are numerous.
In the northeastern part of the county this topographic monotony is somewhat relieved by the valley of Boone river. South
Skunk river, which rises in the east-central part and flows southward, is the only other stream of any importance.
The drift sheets, Wisconsin and Kansan, which ,e xtend over
the whole county, rest on Carboniferous rocks belonging to the
Des Moines stage of the Pennsylvanian series except in the small
area along Boone river from Webster City northward, where
they are underlain by the Mississippian.
As a rule the drift deposits lie flat except along Boone river,
where they follow the slopes toward the stream bottom. The
deep rock formations show little or no variation from the hori~ontal. (See PI. VI, .p. 310.)
UNDERGROUND WATER.
SOURCES.

By far the greater number of the wells in Hamilton county
obtain water from the Pleistocene depo sits, which here contain
two principal water beds of about equal importance-one ~n
sand or gravel beneath the Wjsconsin drift, and the other in
sand or gravel beneath the blue clay of the Kansan drift. Well
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data indicate that the depth to the gravels beneath the Wisconsin drift ranges from 90 to 120 feet below the ground surface.
Many wells, however, fail to find water at this hOTizon and must
be sunk deeper. The sands and gravels bene'a th the Kansa:p.
drift are reached at depths of 150 to 200 feet. They are lacking
in but few places and form the most satisfactory aquifer in the
Pleistocen.e deposits. In some wells, however, the water is not
good because charged with organic matter. Some wells appear
to derive their supply from local sand or gravel pockets within
the drift sheets, but such supplies often fluctuate or even fail.
Little dependence is placed on very shallow surface (dug) wells.
A few wells obtain water in the older rock fOTmations-limestones or sandstones-the water coming from different depths.
Along the bottoms of the principal streams the water is under sufficient head to overflow at the surface. A number of
flowing wells, are located along Boone river, as, for example, the
thirteen wells owned by Webster City. Other flowing wells are
found along South Skunk river in the southeastern part of the
county. As far as could be learned the water in these wens
comes from the sands and gravels beneath the blue clay of the
Kansan drift, since the Wisconsin drift sheet in the localities
named is thin or absent.
SPRINGS.

In the high level parts of Hamilton county springs are almost
entirely lacking, but a few emerge from drift deposits along
Boone river.
CITY AND VILLAGE SUPPLIES.

J,ewell.-The public water system of Jewell (population, 941)
is used only for fire protection and by business houses. The
water is pumped by steam and is distributed under direct air
pressure of 50 pounds through three-fourths of a mile of mains
to 12 fire hydrants and 18 taps. The water is hard.
We1bster Oity.-The water supply of Webster City (population, 5,208) is obtained from 13 wells, ranging in depth from 90
to 110 feet, ending in gravel beneath the blue clay of the Kansan
drift. (See PI. VI, p. 310.)
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The water is distributed uncler pressure of 55 po·u nds through
six miles of mains to . abou~ 350 taps. For fire protection pressure can be increased to ] 50 pounds. About 1,600 people use
the supply, which is ordinarily sufficient.
The gas company well has a depth of 1,250 feet and a diameter of eight to- six inches; casing to or near the bottom. The
curb is 1,048 feet .above sea level, and the head 16 feet above the
curb. The water comes from 675 feet and 1,200 feet, and the
original flow was 70 gallons a minute. The well was completed
in 1888. The water has both the odor and taste of sulphur and
so rapidly corrodes iron that the best galvanized pipe withstands it for only about two years. For these reasons the well
has never been used except to supply a public watering trough.
Record of strata in well at Webster City (Pl. VI, p. 810).

\ Thickness. \ Depth.
So/), clay, sand, thin layers of rock, etc.________________________________________
Limestone, IIgbt yellow; earthy luster; much quartz sand, yellow, pink, and
black, grains Imperfectly rounded____________________________________________
Limestone,
gray, soft, earthy, In flaky chips; fosslliferous______________
Shale,
blue light
_______________________________________________________________________

Feet

ISO

20
150
10

Limestone, dark drab; mottled with white calcite; crystalline________________
100
Limestone, magnesian, hard, brown, crystalllne_______________________________
40
Shale, calcareous, dark gray, siliceous; microscopic particles of quartz __ ._____
20
Dolomite or magnesian limestone, dark brown, compact crystalllne_________ _
SO
Limestone, dark blue-gray, crystalline; eftervescence slow______________________
45
Limestone, light yellow-gray, soft, crystalline; eftervescence slow____________
55
Dolomi e or -agnrSlsn limestone_______ _____ ____________________ _________________ ___
30
Limestone, light gray, saccharoldaL____________________________________________
95
Limestone, close-grained, blue-gray________________________________________
45
Limestone, brown, crystalline ________________________________________________
60
Limestone
or
shale,
highly
argillaceous,
blue-gray;
white
concreted
masses
of
anhydrite powder ____________________________________________________________
120
Shale, drab, calcareous ________________________________________________________
75
Limestone, magnesian, brown, crystalllne________________________________________
15
Limestone, In pure, white, crystalline sand___________________________________
40
"Limestone (1), pure white"; no sample________________________________________
120
Limestone, light buft; In fine sand_____________________________________________ ____________
~_____

Feet
180
200
850
S60
460
500
520
550
595
650
680
775
820
880
1,000
1,075
1,090
1,180

1,250
1,250

4

The record given above is based on but 20 samples and entries,and is difficult to interpret. The Mississippian probably
extends to the base of the shale at 520 feet (528_feet above sea
level). No line can be drawn between the Devonian and Silurian,
and the latter seems to include the anhydrite-bearing limestone
and shale, stated to extend from 880 to 1,000 feet, the 75 feet
of subjacent shale falling in with the Maquoketa shale. From
1,075 feet to the bottom of the well the drill seems to have been
working in the Galena and Platteville limestones. Had the
drilling been continued 150 feet deeper the Saint Peter sand-
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stone would probably have been struck, and 400 to 600 feet
deeper the erevi eed limestones and the sandstones which yield
the chief supply for the Iowa wells would have been tapped. A
well about 1,850 feet deep would have given a largely increased
yield of much better water, the ! ;lulphate content being greatly
lessened. Hence the failure of the well to get a good water
need not deter other enterprises.
WELL DATA.

Information in regard to typical wells in Hamilton county is
presented in the following table:
01

Typical wells

Hamilton Oounty.

.,.
.0

.0

"l.,>.

'"
a.,""'
".
......
,,-

A

A

00

"...0

.E

Location

Owner

"l>.
.,

0"-

...0

,. ...

.,.0
0 "

.0"
,,~

",0

"Q)

~.o

Feet Feet
Peter Nelson _______ Jewell ____________ 1011 None
Peter House _____ ___ 3! miles northeast 183 U6?
__________ 6 of Jewell .
Ole Litre
miles southwest 328 107
.Tewell.
_________ 2-ofmiles
Challey
E.
95 None
south of
Jewell.

Sand and
gravel.

A. Bloom __________

I
Limestone_ -35

O.

Brudos _________

7

miles northeast
of Jewell .

6 miles southeast of

Stanhope.

J. E . Olmstead ___ __ ! mile west of Web-

ster City.

M. Fahoney _______ 2 miles northeast of
Duncombe.
JOB. Welch ________ _. 2 miles north of
Homer .

G. Robinson

______ 2

S. Bateman ___ ____ 2

mIles west of
Blairsburg.
miles soutb of
Webster City.

M. H. Brinton_____ Ellsworth __________ _

Lars· Severson ____ 6 miles northwest
of Radcliffe.
N. E. Waugh ______
miles north of
Roland.
3~

295

105

Remarks:
(Logs given in feet)

Feet
-1lO
Sand or
gravel.
Limestone_ -40
------------ -50
+15 Flowing well. Black soIl.
5; yellow clay. 15; blue

clay. 30; blue clay. putty-like. 15; sand and
gravel. 80.

155 None GraveL ____ -25
181

181 ____ do ____ -50 :plack soli. 4; yellow clay.
14; blue clay. 83; yellow clay. 40; black muck

with leaves. etc. , 40;
gravel; limestone.
____
do
____
-34
176 None
181 None ____ do ____ -SO Black soli. 4; yellow clay.
10; blue clay. 16; sand
and some water, 3;
"hardpan"
(hard blue
clay). 17; sand and
some water. 50; tough
blaek clay. 75; sand and
gravel and water. 6.
(?) Sand ____ ___ -40 Water bed at 156 feet.
167

None Gravel _____ +25 Flows 10 gallons per minute; pumped by steam.
Yellow sand. S; blue
clay. 27; sand and water
(flow 30 gallons per min·
ute.
but too much
sand) . 3' blue clay. 28;
gravel and water (flow
10 gallons per minute).
+14 Flows 10 to 15 gallons
91 None Sand and·
minute .
gravel.

68

240
108

162

------------

30 Llmestone_

-45

"

+25 Flows 13 gallons a minute.
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HARDIN COUNTY.

BY W • .T. MILLER AND W. H. NORTON.

TOPOGRAPHY AND GEOLOGY.

An area' of loess-covered Kansan drift in the southeastern
part, a smaller area of Iowan drift in the northeastern, and a
much larger area ·o f Wisconsin drift in the western parts are
the controlling factors in the topography of Hardin county.
The surface of the Kansan drift area is wen drained. The
larger streams have deposited some alluvium, and their tributaries have cut well back toward the divides. The Iowan area
is part of the great Iowan drift plain and is comparatively flat.
The Wisconsin drift area comprises Ip.ore than four-fifths of the
entire county. Its eastern margin is marked by a chain of hills
and knobs that rise 30 to 60 feet above the adjoining uplands.
Back of this ridge the general surf,ace is characteristically a
plain, marked by many saucer-like depressions and knoblike
eminences. Drainage lines ·are few and broad areas are almost
wholly undrained.
The most striking feature of the eastern part is Iowa river
channel, .which has been cut down well below the general level.
In the vicinity of Iowa Falls, Iovva river cuts through ledges of
solid limestone. Except very locally along Iowa river, where it
has been eroded away, the Kansan drift sheet is probably present throughout the region, extending beneath the Iowan sheet
in the northeastern part and beneath the Wisconsin in the western.
From the northern part of the county to' a little south of Iowa
river, and probably also in the extreme southeast corner of the
county, the drift rests on limestone belonging to the Mississippian series of the Carboniferous. (See PI. VI, p. 310.) Throughout the remaining and ~arger part of the county the underlying
T()Ck is the shale or limestone of the Des Moines stage of the
Pennsylvanian series.
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The drift formations lie in general nearly horizontal; the
underlying rocks show a slight westward dip.
UNDERGROUND WATERS.
SOURCES.

The most important and persistent aquifer in the drift deposits of the county appears to be the sand or gravel beneath
the blue clay of the Kansan drift. As the drift formations vary
in thickness from a few feet to a maximum of 300 feet, this
aquifer may be found at any depth up to 300 feet; nearly everywhere, however, it lies between 100 and 200 feet.
The next most important aquifer in the drift is the sand or
gravel beneath the Wisconsin drift. Well data indicate that
this aquifer, where present, lies at ,a depth of less than 100 feet.
In many places, however, the sands or gravels are absent 0'1' they
do not yield sufficient. w;ater.
Some wells obtain water from local sand or gravel pockets in
one or the other of the blue cl,ays, but such supplies are rarely
satisfactory. Nearly all the very shallow surface (dug) wells
show seasonal fluctuations.
Some wells have passed through the drift into the shales,
sandstones, and limestones below, obt'a ining water from the
limestones and calcareous sandstones.
Many wells sunk in the depressions obtain water under sufficient head to flow at the' surface. All such are comparatively
shallow, rflnging in depth from 25 to 75 feet; their water comes
fro~ sands or gravels, thought to be at the base of the Kansan
drift, below a blue clay, which ·acts as a retaining layer. Such
local basins are found in the western portion of the county along
the more important streams between Iowa Falls and Hubbard.
A number of wells along Rock Run near Iowa F ,alls and others
southwest of Iowa Falls in the vicinity of Buckeye and Cottage
yield flowing water.
Several wells obtain flows from the underlying rock forma- '
tions; for example, the city well of Iowa Falls and a well three
and one-half miles west of Hubbard.

848

UNDERGROUND WATER RESOURCES OF IOWA
SPRINGS.

Many springs emerge from both the drift and the underlying
formations along the course of Iowa river. The water of the
springs north of Eldora comes from the Ooal Measures and
carries iron and sulphur.
Small springs are common along
other streams, especially in the local artesian well basins.
The Siloam mineral springs, owned by Mr. E. E. Oannon, of
Iowa Falls, are on Maplehurst farm, one and one-half miles
northwest of Iowa Falls. The springs emerge near the stream
bottoms along ,a small branch of Iowa river, and the water apparently comes from limestone, which is here near the surface.
The water is used both for drinking and as a medicine. About
50 families in Iowa Falls are supplied.
CITY AND VILLAGE SUPPLIES.

Ackley.- Two wells are owned ~y the city of Ackley (population, 1,244), one 2,032 feet deep, the other 119 feet deep. The
deep well, which was put down some time prior to 1894, was
abandoned because it did not yield sufficient water. The curb
of this well is 1,110 feet above sea level; the head is reported to
hav'e been 82 feet below the curb, or 1,028 feet above sea level;
another report gives the head 'a s 25 feet below the curb. Water
was reco'rded as occurring 50 feet from the top; other veins were
not recorded. The strata penetrated are indicated by the following section:
Record Of strata in city well at Ackley (Pl. VI, p. 310).

I !

ThIck· Depth .
ness.

Quaternary
thIck;
top, 1,110 feet above sea level):
Feet
Alluvium,(100orfeet
drift
_____________________________________________________________
-__ Feet
100
100
Oarboniferous (MIssissippIan):
Kinderhook stage (207 feet thick; top, 1,015 feet above sea level)Shale, fine, blue, somewhat calcareous; 2 samples___________________________
35
135
Limestone, coarse, buff, vesicular_____________________________________________
5
140
Shale, blue, fine, slightly calcareous; 2 samples_____________________________
23
163
Sandstone, fine, bluish whlte, trlable ____________________________________________ _
163
62
No samples ___________________________________________ __________________________
225
Shale, tine, blue, slightly calcareous; 3 sampleB-___________ __________________
S5
260
Sandstone, fine, bluish white, friable_________________________________________
5
265
Shale, blue·gray; with black ferrugInous concretions; calcareous__________
25
290
Shale, tine, blue, somewhat calcareous________________________________________
17
307
~Devonlan (323 feet thick; top, 803 feet above sea level):
Limestone, magnesian, light buff, highly pyritlferous; contaIns a little chert
13
320
Shale and limestone; shale, blue, calcareous, with a few particles of black
carbonaceous
shale;
limestone,
blue,
argillaceous,
some
gray
and
purer,
fossllfferous __ -______________________________________________ ____________________
15
335
Limestone, dark gray, magnesian, at _________________________________________________ _
335
65
No samples ________________________________________________________________________
(O()
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Record oj strata in city well at Ackley-Continued.

l

ThICk-] Depth.
ness.

Fect
Feet
Limestone, argillaceous, nonmagneslan; small fragment of bracbiopod resembl·
ing Atrypa reticuJaris Linn _________________________________________________
10
410
Limestone, light gray; some green shale, at. ________________________________________ _
410
No samples _________________________________________________________________________
50
460
Limestone, Jight gray ______________________________________________________________
18
473
Limestone
.. Jight
yellow-gray, argillaceous and slightly slJiceous, at ___________________
473
No
samples
_____________________________________________________________________
27 _
500
Limestone, blue, argiJIaceous; 2 samples______________________________________ _
70
570
Limestone, brown, slightly magnesian; 3 samples_____________________________
65
635
SlJurlan (180 feet thick; top, 475 feet above sea level): .
Limestone, magnesian, Jight brown; 30.74 per cent MgCO" at ________________________ _
635
No samples _______________________________________________________________________
95
Dolomite, brown and buff; much white chert; 5 samples__________________________
Dolomite, light gray; some chert.__________________ ______________________________
Dolomite. cherty, 5 samples___________________________________________________
Ord~l~~~~e; with green sbale and chert; 3 samples__________________________________

27
2
88
18

Maquoketa
shale (160
feet thick; top, 295 feet above sea level)Shale, green
___________________________________________________________________
80
Dolomite, brown, hard, crystalline, cherty; 2 samples______________________
29
Dolomite
dark drab;
green shale in drillings______________
11 _
Dolomite and
and shale,
shale; chletiy
sbale,much
at _________________________________________________
25
No samples _____________________________________________________________________
Shale, green and buff; in cuttings, as if washed; 2 samples________________
35
Galena and PlatteviJIe limestones (885 feet thick; top, 135 feet above sea level)Limestone, light gray, cherty; 2 samples ____________________________________ ~
.40
Limestone,
light gray, soft; fossillferous at 1,205, 1,230, and 1,238 feet; 10
samples _______________________________________________________________________
235
Limestone, light buff, dark gray, and light gray; 3 samples ___'_____________
50
Limestone, highly argillaceous; tine blue-black calcareous sand, highly
25
pyrltiferous, with much clayey matter and minute particles of quartz____
Shale,
green
and bright green, indurated, slaty, highly pyritiferous; 8
samples
______________________________________________________________________
85
Saint Peter sandstone (85 feet thick; top, 250 feet below sea level)~
Sandstone; grains white, well rounded, somewhai uniform in size; 3 samples
85
Prairie du Ohlen stageShakopee dOlomite (120 feet tbick; top, 335 feet below sea level)Dolomite,
subcrystallinc, oolitic; mucb quartz sano, at. ____ __________
No
sampleswbite,
_________________________________________________________________
35 _
Dolomite: in fine. light yellow meaL_______________________________________
10
Dolomite; considerable Jight green shale; much quartz sand______________
10
Dolomite, buff; quartz sand and shale___________________________ .. ______
5
25
Dolomite, wblte; some chert, quartz grains, and green shale; 2 samples
Dolomite, light yellow; a little Quartz sand_____________________________
10
Dolomite, hard,
subcrystalline; some sand grains__________________
82
________________________________________________________
Dolomite,
white gray,
15
Dolomite, hard, rough~ Jight buff_______________________________________
New Riclrmond sandstone ~80 feet thick; top, 455 feet below sea levsJ)Sandstone,
calciferous;
white, rounded grains; numerous
minute -_____
chips
of dolomite
________________________________________
:... _____________
15
Sandstone; as above, but with much less dolomite______________________
15
Sandstone, light colored, friable; grains rounded and varying widely
15
in size, the largest reaching 1 millimeter in diameter____________________
Sandstone , light gray, hord, moderately fine-grained; much green shale
(probably from above) and considerable dolomite _________ .:..___________
25
Sandstone, white; grains rounded and resembling Saint Peter in general
uniformity of size; many from 0.7 to 0.9 millimeter in diameter,
largest grain over 1 millimeter_______________________________________
10
Oneota dolomite (175 feet thick; top, 535 feet below sea level)DolOmite, buff; drilJln~ chietiy quartz sand_____________________________
15
Dolomite; much quartz sand______________________________________________
15
Dolomite; drillings chietiy Quartz sand. If sand is native in this and
the
two
samples
above,
the
rock
should
be
called
calciferous
sandstone _____________________________________________________________________
10
hard, gray,
gray, atsubcrystalline,
pyritiferous______________________
35 _
Dolomite,
Dolomite, light
_______________________________________________________
No samples ________________________________________________________________
100
Oambrian:
Jordan sandstone (210 feet penetrated; top, 710 feet below sea level)Sandstone, wbite; tine-rolled grains with some dolomite sand and chert, at _______ _
Sandstone, calciferous; mostly Quartz sand, well rounded, rather coarse,
some
andat..grains
of cbert-oolite; some quartz grains seen in . _____ _
_______________________________________________________
dolomidolomite
te matrix,
Sandstone; as above; grains reach 1 millimeter in diameter; detacbed grains
and chips some
of sandstone
with atdolomitic
matrix and minute cuttings of . ______ _
dolomite,
arenaceous,
_____________________________________________

54

no

757
759
7f1l

815
875
904

915
915
940
975
1,015
1,250
1,300
1,325
1,360

•

1,445
1,445
1,480
1,490
1,500

1,505
1,530
1,540
1,548
1,550
1,565
1 '580
1;595

1,610
1,685
1,645
1,660

1,675
1,685

1,720
1,720
1,820
1,820

2,000
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OhemicaZ anaZyses of wen arilZings.'

0

Sample from depth of935 fe et

TotaL__________________________________________________________

1787

100.27

feet.t

11,540 feet

99.99

The section of the shallower well, which furnishes the present
abundant supply of medium hard water, is reported by the
driller as follows:
Driller's Zog of AckZey cfty wen.
l ol'bfCkneSB. 1Depth.
Olay, yellow _______________________________________________________ _
Sand, yellow _________________________________________________________ _
OIay, blue ___________________________________________________ _

~,~~, blue-:::::::::::-_-_-:::-_-::.-:..-..:::::::::::::::::::-..:::::-..:::::-..::
Gravel
and sand________________________________________________ _
Sandstone and water____________________________________ _

Feet

10
2
28
2

8
19
55

"Feet

10
12
85

37

45
M

119

The water is pumped by an ,electric motor and distributed
by gravity under pressure of 40 poou nds through four-fifths of
a mile of mains to 59 taps and 11 fire hydrants. About 300
people use the supply. The daily consumption is estimated at
1Q,500 gallons.
Eldora.-The public water supply of Eldora (population,
1,995) is obtained from two, wells-one 200 feet, the other 250
feet deep-that end in limestone. The water stands 135 feet
below the curb and is pumped by steam to an elevated tank.
from which it is distributed under gravity pressure of 35 pounds.
For fire protection a pressure of 105 pounds is available. The
distribution system comprises three and one-half miLes of mains,
30 fire hydrants, and 193 taps. Practically everybody uses thn
city water, the consumption of which is estimated at 6,000 galaChemical laboratory, Cornell College, Mount Vernon, Iowa.
bSilIca, which formed about one-third of sample in the form of chert. discarded
'f rom analysis.
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Ions daily. Long pumping is required to keep up the supply.
The water is medium hard.
The strata penetrated by the shallower well are indicated by
the ,following
log:
,
Driller's log

01

Eldora town wen.

I

I

ThIckness. Depth.

Olay, yellow ____________________________________________________________________ _
Olay. blue _____________________________________________________________________ _
Black "muck," wIth logs 1 foot In dlameter ___________________________________ _
Sand, yellow, and water_______________________________________________________ _
Olay, blue ____________________________________________________________________ _
Shale, black _______________________________________________________________ _
FIre clay ________________________________________________________________________ _
LImestone and water___________ ______________________________________ -_________ _
~

Feet

Feet
30
10
20

SO
40

eo

8

68

40
17
10
65

108
125
135
200

Eldora is 1,060 feet above sea level, and a deep well will reach
the base of the Kinderhook stage about 400 feet below the surface. The drill will then 'pass through Devonian and Silurian
limestones in which some water may be found. A heavy dry
shale, the }\:[aqllol:.eta, possibly exeeeding 100 feet in thickness,
will be encountered at about 970 feet from the surface. Below
'the Maquoketa the Galena and Platteville limestones may be
found to contain water, especially toward the base of the Platteville. The Saint Peter sandstone, the first r'eliable water bed,
should be reached at about 1,500 feet from the surface, but to
obtain a large supply drilling should be carried 500 or 600 feet
deeper still through creviced limestones and porous sandstones,
which will yield an ample supply.
If a thoroughly water-tight casing is carried down somewhat
below the base of the Kinderhook stage, the waters from the
lower aquifers should make a very fair drinking wat'er. The
quality of all inflows above the Saint Peter should be tested.
Hubbard.-The town of Hubhard (population, 568) obtains a
good supply of medium hard water from a well 325 feet deep.
The water is pumped by gasoline engine and distributed under
gravity pressure of 30 pounds through one-half mile of mains
to 11 taps and seven fire hydrants. About 100 people use the
water. The daily consumption is estimated at 3,000 gallons.
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The strata penetrated by this well are indicated by the following log:
Driller's log 01 Hubbard wen.

I

ThICkness.' Depth.

Olay, yellow, and sand __________________________________________________________ _
. Olay, blue ________________________________________________________________________ _
Olay, yellow, hard; with sand layers ___ ______________________________________ _
LImestone _______________________________________________________________________ _
Sandstone ___ _____________________________________________________________________ ._
LImestone, whIte _________________________________________________________________ _

Feet

75
150
25
~5
~5

25

E'eet

75
225
250
275

300
325

Iowa Falls.-The water supply of Iowa Falls (population,
2,797) is. derived from two flowing wells, one 276 feet, the other
240 feet deep. (See PI. VI, p. 310.) The water is pumped by
two steam pumps ,a nd distributed under gravity pressure of
55 pounds through four miles of mains to- 300 taps and 31 fire
hydrants. About 1,700 people use the supply; the daily consumption is estimated at 70,000 gallons. The water is hard. The
city wells end near or at the base of the Kinderhook stage (Mississippian). If a well. is sunk below these shales, the drill will
first penetrate heavy limestones of Devonian and Silurian age,
. which probably continue with little interruption to a depth of
about 850 feet below the surface, where they give place to the
Maquoketa shale (Ordovician), here 'a bout 150 feet thick. The
Devonian and Silurian limestones will probably yield some
water. Near their base thin beds containing more or less of
gypsum or anhydrite may be encountered, the water from which
should be cas-ed out. The Maquoketa shale will of course be dry.
Below the Maquoketa shale will be found the Galena and Platteville limestones, which extend to about 1,475 feet from the surface and should contain considerable water under a head which
should bring it within ea.sy pumping distance of the surface.
The water so far encountered will considerably increase the
present supply, but will not improve its quality, and the well
should be sunk to the Saint Peter sandstone or about 300
feet below that formation in order to obtain the large supplies
which are to be found in the deep formations. To obtain the
largest amounts of the best waters,. therefore, the well should
be sunk to a depth ranging from 1,900 to 2,100 feet. Analyses
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of the differ,e nt waters will show 'which ones should be cased
out because of their poor quality.
Radcliffe.-The public water system of Radcliffe (population,
660) is obtained from two wells, the older 130 feet, the newer
95% feet deep, which yield a good supply of hard water.
The system is equipped with two steam pumps and the water
is distributed by gravity under pressure of 35 pounds througb
two-thirds of a mile ·of mains to 40 taps and 11 fire plugs. About
half the population use the town water. The daily consumption
is estimated at 8,000 gallons.
WELL DATA.

Information in regard to typical wells in Hardin county is
presented in the following table:
TlIpica~

wells of Har(jj.n Countll.
~

8

Owner

£

Location
~

~

A

A"'"

~

01

"
'0
0

<Il

01

......
"
,,-

0","

<n

.
0

.....

01.0
0 0

.0"
,,~

,,-

Remarks:
(Logs given in feet)

",,0

0101

~.o

Feet
Feet
Mr. Lake ___________ 3 miles east·south· Feet
58
56 Sand at 63 + 2 Flows good stream. Yel·
low clay. 15; blue clay.
east of Buckeye.
feet.
38; sand and water. S;
limestone (1). 2.
M. Thompson _____ 2 miles north ot 250 250 Drift san!L -100 Limestone under water·
bearing stratum.
Providence.
Bump ' ________ 5~ New
miles south of 172 160 Sandstone.. -80 Yellow clay. 20; blue clay.
Mr.
Iowa Falls.
97; sand. gravel. and
water, S; blue clay. 25;
"hardpan"
sand,
5:
(tough yellow clay), 10;
sandstone (soft) or sand
and much water, 2; shale
6; limestone, 4..
J . B . Parmelee ______ ~'. 89 N., R. 20 W.
56
No Sand and + 16 Temperature, 47 degrees;
flows 80 gallons per min·
rock gravel.
ute.
Black soil, S~;
sand, 2' blue clay, 51;
fine sand, 3~; blue clay.
sand, gravel, and wa·
ter, 41~.
Fred SlIas --------- 3 mUes southeast oj 236
236 Lfmestone_ -96 Yellow clay, gravel, bowl·
Ackley.
ders, and sand at top;
blue clay and 1 toot
hardpan at depth of 90;
sand at 194; clay at 197;
rock (probably a bowl·
der) at 198; blue clay at
234; limestone and water
at 236
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Typical wells of Hardin Oounty-Continued
.>i

8'"

Owner

.£

Location
.0

.0

'"

A

P-

A

alate IndustrIal
School.

1 mile west of EI·

D. M. Leach.. ____

2 miles southwest of

245

Wllllam Haynes __ Steamboat Rock __
Smuck _________
J.
i miles north of
Hubbard.
Mr. Ledge _______ 3i miles west ot
Hubbard.

265

250

dora.

Abbott.

70
850

P-

'"

b.

""'
'0
'"'",,......

0'"

rn

...

0
",.0

.....

0"
.0'"
d~

",,0

Remarks
(Logs given in feet)

.. Ql

~.o

40 Steam pump. Black soil.
6; yellow clay, 15; blue

92 LImestone_I
(1)

clay, 40; very sott coal
(?), 7; sand, 20; whIte
clay, 4; sandstone, 1;
black shale, 5; sandstone
and water, 5;
whIte
clay, 2; black shale, 15;
gray limestone and sand·
stone and water alter·
natlng, 130.
(1) Llmestone_ -170 Water·bearlng stratum at
,
239. Yellow clay (sand·
stone and water. 10 teet) .
15; blue clay. 35; yellow
,
clay. 40; blue clay. 107;
hard rock (bowlder), 1;
:
blue clay, 36; hard sand·
stone (bowlder) , 4; sott
clay, 1; rock (bowlder),
1~; sandstone and much
water,
5.
____ do ____
225
Pumped
-110 LImestone. 40.
by wIndmill.
70 ---------.-- + 16 Water In sand over rock.
298 Llmestone_

+

1 Flowing well. Yellow clay,
15; blue clay and peb·
bles, 240; sand and
gravel, 43;
limestone

.and water, 52.

JASPER COUNTY.

BY HOWARD E. SIMPSON.

TOPOGRAPHY.

Jasper county exhibits two distinct phases of erosional topography. By far its greater part shows the well-drained, maturely dissected surface of the Kansan drift sheet; the remainder, comprising a small area in the northwest corner of the
county, including most of Clear Creek township, the west half
of Poweshiek township, and the northwest quarter of W,ashington township, shows the imperf.ect drainage and level surface
of the latest drift sheet, the Wisconsin.
The area is drained chiefly through South Skunk river and
its tributaries, the larger st~eams flowing in a g~neral south-

UNDERGROUND WATERS OF THE CENTRAL DISTRICT

855

easterly course. A small area in the southwest corner, however, is drained southward through the tributaries of the Des
Mobies.
All the larger streams meander through broad, deep valleys
floored with ,alluvial deposits. The divides are also rather broad
and flat topped, showing less complete dissection than is characteristic of the Kansan plain farther south and nearer the
larger rivers. The upland plain slopes gently southward from
a maximum of about 1,050 feet above 8'ea level in the north and
about 950 feet in the south to 750 feet in the bottoms of the
greater valleys.
GEOLOGY.

The entire area of Kansan drift is covered by several :feet
of loess" a pebbleless gray clay easily' distinguished from the
drift clay. The latter is in places 100 to 200 feet thick and
contains much sand, gravel, and even bowlders, locally stratified but generally unstratified. In the Wisconsin area the
bowlder clay overlies the loess, which in turn rests on the older
Kans,an.
All of the larger stream valleys contain alluvial deposits of
interbedded silt, gravel, and sand, those in the valley of the
Skunk being especially deep and from one to three miles wide.
So far as known, the unconsolidated surface deposits of the
county everywhere rest on Carboni:ferous rocks belonging to
the Des Moines stage of the Pennsylvanian series. (See PI.
XV, p. 812.) Sandstones are more common in 'the shales of this
group than in counties farther south. These COEl.} Measures are
underlain in the northeastern part of the county by the Kinderhook stage, and in the southwestern by the Saint Louis limestone,
both of which belong to' the Mississippian series.
UNDERGROUND WATER.
SOURCES.

The water supply of Jasper county is derived from alluvial
deposits, the loess, the drift, sandstones of the Des Moines stage,
sandstones in the Saint Louis limestone, and from deeper formations.
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Alluvial sands' and gravels are important aqui£ers only along
South Skunk river and its two chief tributaries in this county,
Indian creek and North Skunk river, where they have accumulated to considerable depths and are sufficiently loose and porous
to permit a very strong underflow. Most of the wells in the
alluvial deposits are shallow, as a rule less than 40 feet in depth.
Over large parts of the loess-Kansan area the loess mantle
is' several feet thick and the basal portion is so sandy that it
furnishes a water supply that is utilized by shallow wells to
an extent greater than in any other county. The loess on the
uplands produces conditions favor.able to shallow water supplies such as are uS'ed for the public supply of the town of Eddyville, on Des Moines river.
In the region of the Wisconsin drift the undedying loess becomes an important aquifer, for owing to the imperfect surface
drainage the ground-water level is high, the younger bowlder
clay forms an excellent protecting covering, and the sandy loess
isa suitable reservoir. The seepage springs favored by such
conditions are unusually common in the valleys crossing the
margin of the Wisconsin drift area and are not lincommon from
the base of the sandy loess ,overlying the Kansan, but those from
the latter horizon are unsatisfactory for stock supply owing to
the certainty that they will dry up just when they are most
needed. Few loess wells exceed 25 feet in depth.
The Wisconsin drift in this county is thin, yet, because of the
undrained character of its surface, it yields a supply of water
to many shallow wells. The water is chiefly from small seeps
and veins and is clos'ely akin to surface water in quality.
Seeps from sand pockets and small veins in the Kansan clay
supply many wells, and an abundant supply of good water is
found in beds of sand and gravel beneath the Kansan drift and
above the underlying shales. The great thickness of the drift
in this I"egion makes it expensive to reach these sands, as in
some places they lie 200 to 300 feet below the surface. Flowing
wells from these sands are not uncommon in the valleys.
The Coal Measures as a rule furnish unsatisfactory water.
Water is ,everywhere found in the seams and beds of coal, and
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is locally so abundant as to interfere seriously with mining
operations, but this water is never potable. The shales which
compose the greater part of the Coal Measures are comparatively dry and unimportant as water bearers. Limestone lenses
are common. The only available water of importance is found
in the thick lenses of sandstone, which are more common in this
county than in the coal region. farther .south; but this water,
like most water of the Coal Measures, is ff1equently so' strongly
impregnated with iron as to be unfit for use. One of the most
striking exceptions to this rule is afforded by the Red Rock
sandstone, a channel deposit consisting of coarse, friable, gray
to purplish-red ferruginous rock, which has been found in an
area two to four miles wide extending from the southern boundary of the county east of Monroe to a point some distance
northeast of Kjellogg. Its precise area and extent are, however, very uncertain. Wells in this sandstone furnish an abundant supply of excellent water and good springs from it are found
in several places.
Regarding the Coal Measures as a source of springs, r. A.
Williams 1 says:
Springs issuing from the Coal Measures strata are not uncommon. The
water is, however, often so charged with sulphuric acid as to make it valueless, where it comes from beds associated with coal seams. Two instances
may be cited of springs which come from Coal Measures strata and furnish
never-failing supplies of good water. In the NE. lA, NW. lA, sec. 9, Rock Creek
township, is such a spring, flowing from near the ,base of the Red Rock formation. A spring on the farm of Mr. P. W. Mowry in 'section 34, Des Moines
township, furnIshes an abuJldant supply of excellent water.

The Saint Louis limestone is an important aquifer in Jasper
county as elsewhere. In this county it supplies the most famous
wells in the state, the Colfax artesian wells known as the Colfax
Mineral Springs. From obs:e rvations elsewhere the Saint Louis
limestone is believed to wedge out in the northeast part of Jasper
county; elsewhere other hard limestones, known as the Kinderhook stage, directly underlie the Pennsylvanian or the drift.
lAnn . Rept. Iowa Geol. Survey. vol. 15. p. 360.

..
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SOUTH SKUNK RIVER ARTESIAN BASIN.

The lower portion of the valley of South Skunk river and its
more important tributades, including practically 'all of the
present flood plain, the terrace known as the "second bottom,"
and in places the lower slopes of the valley sides, form an irregular artesian basin, ranging in width from one to four miles
and extending from the middle of the west county line to the
middle of the south county line. N early all the wells in this
basin range in depth from 250 to 350 feet and are-supplied by
the same aquifer, the Saint Louis limestone. Two of the wells
however, are shallower. One on the farm of Bert Furch, six
miles west of Newton, in section 34,T. 80 N., R. 20 W., is but
150 feet in depth, and is r,e ported to end in "a crevice in rock,"
probably limestone, has, a natural flow of three-fourths of a
gallon a minute and a head of 20 feet above the valley floor;
the water is not reported as mineral, but simply as "hard,"
and is in general U8'e for domestic and farm purposes. The
other well, 163 feet deep, is on the farm of John Raitchner, two
and one-half miles southwest of Metz; the flow comes from sandstone at a depth of 150 feet, and the well yields one and onequarter gallons a minute under a head more than 10 feet above
the valley floor; the water is reported as only slightly mineral.
The deeper wells are generally less strongly mineral than
the Colfax wells (see p. 861), but none are cased through the
Des Moines stage, and all probably receive a mixed supply of
water. Detailed data of several of these wells are presented
in the table of typical wells (p. 868).
Near North Skunk river in the southeast corner of Malaka
township is a small area in which several wells yield small flows
under low head. TwO' of thes'e wells are on the Riverside stock
farm in section 35.
COLFAX MINERAL WATERS.

The Colfax mineral water was discovered in 1875 by parties
prospecting for coal. The drill, located on the south bank of
South Skunk river about a mile east of town, had reached a
depth 'of 315 feet when water began to flow from the top of the
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hole. Drilling was discontinued, and this coal prospect hole became the first of the" mineral springs" which furnish the water
now so widely known as Colfax Mineral Water.
Since the
original well, known as the "Old M. C. Spring" or the Colfax
Hotel well, was put down, at least 14 other wells have been
sunk to depths differing but slightly from this one and all obtaining a very moderate flow from the same aquifer-the Saint
Louis limestone, of the Mississippian. Some of the wells are
four inches and others six inches in diameter; the diameter 'Q.f
some is reduced to two or three inches at the bottom.
Until the fourteenth well was drilled, in 1905, no record was
kept. The driller's log of this well, as recorded by the owner,
C. W. Mills, is as follows:
Record Of artesian wen 'at Mills HOU8e at (JoJfa:c.
(Drllled by M. Nel'f.)

I

Thickness. r Depth.

Surface and yellow e1ay_______________________________ .:_____ _
Sand and gravel (heavily water bearlng) ____________________________ _
Sand rock __________________________________________________ .
Slate, black (shale) ________________________________________________ .. _______ _
Ooal __________________________________________________________________ _
OIay. fine ____________________________________________________________ _-_______ _
Sandstone __________________________________________________________ _
Soapstone (shale) ________________________________________________________ _
Sandstone (water bearlng) __________ .-_________________________________ _
Soapstone, hard (shale) _________________________________ -___ _
Sandstone __________________________________________________ _
Rock, white, porous (water bearlng) ______________________________ _
Flint rock __________________________________________________________ ..
Sandstone _____________________________________________________________ _
Soapstone, hard (shale) ________________________________________________ _
Sandstone _______________________________________________________________ _
Iron band rOck _________________________________________________________ _
Sandstone (water bearlng) ___________________________________________ _

(1)------------------------------------------

Ohert,
white
Maenetlc
rock___________________________________________ _

Feet

as

28
1

SO
1~

8!

Feet

as

e,
92
G1

9Si
102

100

4
6
40
10
40
4
1
20
10
15
1
30

252
258
283

7
12

290
802

112

152
1e2
202

200
207
227

287

To a depth of 61 feet the formations are Pleistocene; from
61 to 283 feet they belong to the Pennsylvanian series (Des
Moines stage) ; the lowest formation is probably Mississippian
(Saint Louis limestone).
The natural yield of the wells has decreased as the number
of wells has increased, the maximum now being about three
gallons a minute. The intimate relation of the wells is shown
by the fact that when the Colfax Bottling Works well was flowing at the rate of eight gallons a minute, before casing was in-
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serted, the Mason House well, near by and up the slope from
it, practically ceased to flow and all other wells: were sqmewhat
weakened.
The log of the Mills House well harmonizes with the various
reports given from memory by those who had most to do with
the earlier wells) all placing the mineral-water aquifer at b()tween 285 and 315 feet below the surface. The samples preserved by Dr. Turner of. the water-bearing rock of the fifteenth
and. latest well-that of the Turner Sanitarium-are of hard
magnesian limestone. All of these facts indicate the upper
limestone beds of the Saint Louis limestone as the mineral-water
horizon.
Several other aquifers are reported in each of these wells,
including the sand and gravel bed at the base of the drift, and
one to four of the sandstone layers of the Des Moines stage
(Pennsylvanian). Not only must the water from these upper
formations be cased out, but the wtlll must be carefully sealed
by meansl of a seed bag or rubber packing about the base of
an inner and smaJler tube put down to the aquifer itself in
. order to obtain the proper mineral flow. Although the sympa.thetic variation of many of the wells indicates a uniform source,
a fairly decided diff,erence in the taste and color, especially
in those of a sulphurous character, suggests that some of the
wells may draw a portion of their supply from the Pennsylvanian rocks, the lowest of which ~s reported as causing an
artesian flow in at least one well.
The rise of the water above the surface varies with the elevation of the well site. The highest level reported, 17 feet, has
been . since reduced by the drilling of new wells,. Probably the
water of none of the wells will rise more than eight or ten feet
above the surface, and some of the wells on the hillside have
ceased to flow except as piped out below the surface to a lower
level.
It is an interesting fact that the surface relations are so delicately adjusted that changes both o~ flow and pressure are affected by the changes of the weather. The decrease of barometric pressure before a storm brings an increase of flow and
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pressure from the wells, which is easily noticed in certain wells
carefully controlled by bottling machinery. Especially hard
storms produce a milky or oily color, such as water ordinarily
carries after standing in the open air, and the water tends to
"sour" more quickly than usual; both facts indicate loss of the
natural supply of CO 2 with the lessening of the atmospheric
pressure.
A complete list of the mineral wells in the town of Colfax,
together with the fullest data obtainable, is pre8'ented in the
following table. 1 The results of chemical and sanitary studies
of the water are discussed on pages 191, 266, 267, 273, 274.
Statistics of the Ooltaa; mineral wens.
========~=======7~===7~~~~==========
'C

Owner

,

Location

...

21
'"
Po
130

'"...
''""
I><

C)

...

0

P.

.£
.d
P.

A

A

.0

'"

'"

...

0
",.0

"k

0°
.0'"

"'os..,"'

'Co

~.o

'~"

"

Remarks

.d

~

i5

Gal·
Ions
a

min-

Feet Feet Feet ute.
325 ______________ • Old "M. O. Spring."
Former discharge, 3
gallons a minute. Dla·
meter, 3 inches. Ourl>
12 feet above level of
Ohicago, Rock Island
& Pacftlc Ry. Temper·
a ture 54 degrees. Water
bed at 306.
Oolfax Bottling
Second bottom, Ii About 300
35
+ 6
2+ Diameter, 3 incbes. Form·
Works.
blocks southeast IBBO
er ftow 3 gallons a min·
of plant.
ute. Ourb 10 feet above
level of Ohicago, Rock
Island & Pacltlc Ry .
"First water at 140
feet, head 25 feet below
curb; second water at
225 feet, head at sur·
face; third water at 245
feet, all cased out."
Bottled and sold.
Grand Hotel Sanl· _________________ About ~l?- __ " . -1
2
No flow. Former bead of
tarlum.
1B8(t
6 feet has fallen to 1
foot below curb, and
well is now pumped by
hand.
Ourb 36 feet
above level of Ohlcago,
Rock Island & Pacific
Ry. Diameter, 4 Inches·
and 3 Inches. Used for
medicinal nnd table
purposes.
Hotel Oolfax ______ 1 mlle east of Ool
fax.

1875

'See also Norton, W. H., Artesian . weBs of Iowa : Rept. Iowa Geol. Survey, vol.
6, pp. 293-294. Also Williams, I. A., Geology of .Jasper County: Ann. Rept. Iowa
Geol. Survey, vol. 15, pp. 307, 363-366.
.
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Statistics of the Colfax mineral wells-Continued.

'"~.,

Owner

Location

".

<>

'"

8

E
0

<>

.,"'"
I><

:5

.,'"
A

'"0

E

.0<>

.0

",0

."

'"

A

.

.,.0

.,
.0
"'"

.-'"
0"

"il:

Remarks

"

"0;

'"
A

~.o

Gal·
Ions

a

)(uon Bousa _________________ _

min·
ute.
Feet _____
Feet +
Feet
857
8

Diameter, 4 Inches. Temp.
erature 64i degrees.
Ourb 2 feet above level
of Ohlcago. Rock Island
& Pacilfc Ry. Used for
baths, table, and med·
Icinal purposes.
____ + 8 2 Diameter,
D. O. Ji'r;ye & 00. _____________ _ 1882 815
3 Inches. Ourb
8 feet above level of
(Inc.).
Ohicago, RoCk Island &
Pacilfc Ry. Tempera·
ture, 61 d e g r e e s.
by rotary
Pumped
pumP. 6 gallons a min·
ute. Bottled and sold
for medicinal and table
purposes. Water bed
at 310.
Purox·Oolfax 00. __ . ____________ _ 1890 S5O- ____ +10
Ii Flow decreased . from 8}
to Ii gallons a minute,
and head from 12 to 10
feet. Dlameter,4 Inches.
Odor more sulphurous
than others. Bottled
and sold for medicinal
and table purposes.
rown of Oolfax _____________ _____ 300 200+ ____ 8
Decrease of Ifow from 4
e1t;y park.
to 8 gallons. Diameter,
4 Inches. Temperature,
62 degrees. Level with
Ohlcago, RoCk Island
& Pacilfc
Ry.
rha OentropoUs _____________________________ . +, ______ Used
for medicinal
pur·
poses and for bathing.
Sold to patrons.
Thos. E. Jordal1..__ ____________ ______ 850
47
____ Ii Decreased from 2 to 11
gallons a mlnute. Bot·
tIed and sold for medl·
cinal and table pur·
poses.
____________ Oorner Montgom· ________________ +18
8
Diameter. 3 Inches. Flows
err Street and
without control. Used
Broadway.
only
for
wa tering
stock.
At plant ______ _ 1901 300 100
Oolfax BottUng
5
Decrease of head from 20
+20
to 18 feet. Diameter, 4
Works No.2.
and 2 Inches. Other wa·
ter at 150 feet and 225
feet. Ourb 8 feet below
level of Ohlcago, Rock
Island & Pacilfc Ry.
Flow Increases after
being shut off for some
time. Bottled and sold
for medicinal and table
use. Water bed, lime·
stone.
Hotel Oolfax No. 2 ______________ ______ 294
Ii
"Second
M. O. well."
Victoria 8aDltarlUD! ________________
1903 391 :::: =-T t Flows from
pipe through
hillside. Used for medi·
clnal purposes and for
bathing. Sold to patrons.
lB8l

4

I
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Statistics of the Colfax mineral wells-Continued.

...

"".,

.&

:::'"

Po

Owner

Location

a

.

.£

0

'"

'"'"

~

.0

"'"

1=1

.0

"'"

14

.

....

0
.,.0

0"
.0'"

.'"

",,0

.0

"'~

"'OJ

~.o

0.0

'"

Remarks

'"
OJ

A

Gallons
a
mlnFeet Feet Feet ute.

Furner SanltarltllD- SIde of hill ________

1906

865

80

-12

Mflls HOUle ________ ..--------------

1905

2111

N

+5

------ DIameter. 4 to S Inches.

i

Curb about t6 feet
above level of Cblcago.
Rock Island & Pacific
Ry. Heavy water at 235
feet. Water lift. Used
for medicinal purposes
and for batbing. Sold
to patrons. Water bed,
porous magnesIan limestone.
Curb about 22 feet above
level of Cbicago, Rock
Island & Pacific Ry.
Temperature, 53i degrees. Curb sunk Into
5-foot pit for better
fiow. Pumping Turner
well wbfle drflling decreased this fiow. Used
for medicinal purposes
and for batblng. Sold
In bulk to patrons. Water bed, limestone.

CITY AND VILLAGE SUPPLIES.

Colfax.-The public supply of Colfax (population, 2,524) is
drawn from the coarse gravels underlying the flood plain of
South Skunk river, by means of a series of Cook wen points,
six inches in diameter and 36 feet long. The sands and gravels
are reached at a depth of 23 feet and are overlain by a heavy
black clay. The water stands between five and 17 feet below
the surface in these points, and is pumped by steam into a ste'el
standpipe, 13 by 80 feet (capacity about 92,000 gallons) . This
standpipe is so situated on the bluff that the base is about 160
feet above the source and the main portion of the town. From
it the water is distributeq. by gravity through about -two miles
of mains. The pumping capacity is about 750 gallons a minute,
and about 60,000 gallons are useq. daily. ' The domestic pressure
of about 80 to 104 pounds is sufficient for fire protection, except
in the residential section in the bluffs, where direct pressure
may be' used if necessary. Owing to the fact that this water
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forms a rather solid scale in boilers, the railroads and the
boil~rs at the pumping station use river water.for steam making.
Kellogg.-The public water supply of Kellogg (population,
610) is from two drilled wells 120 and 160 feet deep, drawing
their supply from the shales of the Des Moines stage and the
underlying limestone, respectively.
The water of the 120-foot well is pumped by windmill,and
though the head is but 30 feet below the surface the supply is
scanty, a characteristic common to all shale wells. This well
is used only as a reserve supply.
The 160-foot well is much stronger, but the water is somewhat roily, probably because of improper casing in the shaly
beds. The well is pumped by gasoline engine, the water being
forced to a cistern on the hill about 50 feet above the level of
the town. This cistern is 10 f.eet in diameter and 20 feet deep
and is walled with brick and cemented. From this reservoir
the water is distributed . through a four-inch main about onefourth mile in length to four fire hydrants and 20 private taps.
Most of the private wells in the town are 'e ither open or driven
and range in depth from 25 to 35 feet. The gravels at this
depth are open but grade into :fine sand above, overlain by
yellow clayey alluvium and deep soil. 'T he supply is abundant
and the water exceptionally good for use in boilers. No treatment is required before it enters the boilers, only a slight flaky
scale or soft white precipitate being formed~ The Gould Balance
Valve Company and the Patten Grain Company use the water
from driven-point wells.
Newburg.-Practically all wells in Newburg (population, 200)
and in the extreme northeastern corner of the county are dug or
bored in the drift at various depths.
The railroad supply comes from four 26-foot wells in a ravine
below the town. The best supply comes from gravels in the
lower part of the Kansan drift.
Newton.-The water supply for the city of Newton (population, 4,616) is taken from mght gravel wells on South Skunk
l'lver bottom, six miles southwest of the city, in the NE. ]A
section 13, T. 79 N., R. 20 W., 170 feet below the level of the
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Chicago, Rock Island & Pacific Railroad station (elevation, 944feet above sea level). Thes€ wells were put down in 1904 by
drilling to depths ranging from 43 to 56 feet, and then inserting in each hole an eight-inch strainer, eight to ten feet long,
attached to the lower end of the casing. The wells are distributed over an area of about 130 feet radius, and so connected
that any. number or all may be pumped at the same time.
A pumping station, located at the wells, is equipped with a
low-service suction pump, capacity 700 gallons a minut€, which
pumps into. an 11 ,000~gallon reservoir, walled with brick, ce_mented, and arched over. From the reservoir two high-pressure
duplex pumps, capacity 250 gallons a minute each, lift the water
190 feet into the supply tank on a stone tower in the city. 'T he
tank has a capacity of 90,000 gallons and the tower is 56 feet
high, giving a domestic pressure from gravity of about 25
pounds. The fire pressure is, however, direct and may be raised
to 115 pounds. An eight-inch main leads from the wells into
the city, and the 75 fire hydrants are supplied through six-inch
and four-inch mains.
Probably more than one-third of the
population is supplied through over 400 taps from this source.
The daily consumption is estimated to be 70,000 or 80,000 gallons. The meter system is in general use.
'The water is clear, abundant, and excellent, and is used for
all public and domestic purposes and very extensively by the
manufacturing plants of the city and by the railroads. Slight
scale forms in the boilers, and the supply has proved in all
respects satisfactory.
The city supply was formerly taken from two deep wells, described as city wells Nos. 1 and 2.
City well No.1, completed in 1890, is 1,400 feet deep and five
inches in diameter, and ·the water stood 90 feet belqw the curb.
Rock was entered at 90 feet and water was obtained at depths
of 550 feet and 1,300 (1) feet. (See PI. XV, p. 812.)
The water of this well is described as a poor potable water
and bad in its effects on boilers. It is apparently derived from
the Osage stage (Mississippian), a short distance above the summit of the Kinderhook (Mississippian), and.j.s ~ugmented by wa55

.
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ter coming in above the Maquoketa shale (Ordovician), which
caved badly and caused the loss of a drill. As the drill could not
be extricated, the hole was abandoned and a second was sunk a
few feet distant. In .this well also a drill was lost at about the
same depth, and the attempt to carry the boring deeper ~as
abandoned. In 1895 the supply was said to be abundant, con.
tinued pumping failing to lower the level of the water; but some
years later the we.ll was given up and another sunk.
. City well No.2, 705 feet deep and ten to eight inches in diam-'
eter, has also been abandoned. The water in this well stood 50
feet helow curb, coming from a depth of 500 feet.
DriUer's log 01 city wen No. ill at Newton.
Depth in teet.
Gra vel ----------------______________________________________________________________ 70
Gravel and clay ---_____________________________________________________________ 150
Rock and shale ___________________________________________________________________ 172
. Shale -----___________________... ___________________________________________________ 202
Rock, white, hard ___________________________________________________________ 214
Limestone ______________________________________________________________________ 240
Through lImestone ______________________________________________________________ 470
Shale _____________________________________________________________________________ 500
Limestone __________________________________________________________________ 575
Well completed ________________________________________________________________ 705

It should be noted that the very scanty data for these wells '
seem to indicate that they stopped a good deal short of the main
artesian supplies of Iowa, going little if any below the Maquoketa shale. If any other deep wells are sunk they should be
carried not only to a depth of 1,750 feet from the surface, where
the Saint Peter sandstone should be reached, but to as great a
depth as 2,050 feet in order to tap the still larger supply of the
formations underlying that well-known sandstone.
Prairie City.-The water supply of Prairie City (population,
764) was originally taken from a well 85 feet deep ending in
sands and gravels at the ba8'e of the drift. 'T he supply was
ample, but so much trouble was caused by quicksand that it
was found necessary to drill deeper and case the well throughout. During 1904 and 1905 the well was deepened to 390 feet,
and the approximate record is gIven by I. A. Williams as
follows:
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Log (11 wen at Prairie City.

l

I

ThIckness . Depth.

Lous and drlft _______________________________________________ _
(loal Meaeures ahales and eandetones ___________________________ _
LlmMton. ______________________________________________ ___
Sandstone, coarse, whi te __ ___ _____ _______________________________ _
Sbale, compact ___ ___ __________ _____ ______________________________ ___ ---------LImestone, dense , gray , magnesi an _______
________ _ ______ __

Feet

85
140
65

2
63

35

Feet

85
225

290

292
3M

'390

The limestone from 225 to 290 feet probably belongs to the
Saint Louis limestone (Mississippian). This well was not .used,
as it was said to' be impossible to shut out sand and mud in the
Pennsylvanian (Coal Measures) ' at depths of 180 to 190 feet,
though water was abundant below this level.
The well in present use was drilled in 1905 to a depth of 390
feet. The Saint Louis limestone was entered at a depth of 220
feet, and the water-bearing sandstone from which the chief supply of water comes about 65 feet lower. The well is: cased to
the limestone with eight-inch casing; below this a six-inch bit
was used and at the bottom a four-inch bit,
The well is pumped by steam, and the head varies from 80
feet below the surface to about 140 under the pump.
. The water is distributed by gravity from a 2,200-barrel tank
elevated on an 80-foot steel tower, through about two and onehalf miles of mains. The water used is chiefly for fire protection, a few private ·taps taking only a few barrels per day in'
addition to that used by the 12 fire hydrants. The water is unsatisfactory for drinking on :account of its mineral taste, and
it is too hard for use in boilers.
Reasnor.~Reasnor (population, 250) is located on the bottom
lands of South Skunk river, where sand point wells may be had
at depths of 30 to 40 feet. Small flo,wing wells may be had in
this vicinity on the river bottoms with depths of about 250
feet to sandstone in the Saint Louis limestone, and good wells
may be obtained at about half that depth in the Red Rock sandstone. The town well, sunk only 30 feet on the flood plain of
the river, flows slightly, the water probably being deriv1ed from
the Red Rock sandstone.

"
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WELL DATA.

Information concerning typical wells in Jasper county is presented in the following table:
Typical w ens

Owner

01

Jasper Oounty.'

Remarks:
(Logs given in feet)

Source of supply

Location

T . SO N., R. 18 W.

(Kellogg).
F eet
Feet
Town of Kellogg ___________________ _ Feet
85 Shale (Des Moines) - 30
Do ____________ ___________ _ 120
____ _
160 110 Oarbonlferona
limestone.
Geo. B. Kelton ___ _ 1 mile southeast 104
15 Red Rock sand· - 60
of Kellogg.
stone.
Ed. O'raven ______ 1 mile north of 245 200 Limestone below - 80
Kellogg.
shale.
Gifford Rogers ___ 3 miles north of 174 ..---- ____ do __________ _____ _
Kellogg.
A. B. O'raven ____ 5 miles north of 265 •________ do ___________ _
Kellogg.
Joe Pierce _______ S miles north 175 175 Over lImestone__ ~_ _____
and I! miles
east of Kellogg
Ed. Mershon _____ NE. ! sec. 6____ _
Albert Harrab ___ SW. i sec. 36__ _

A weak well.
Water somewhat
roily.
On "bottoms."
Good.
Good farm well.

Good.

Plenty.

T. SO N. , R. 17 W.
(Rock O'reek).

A. J. Simpson____ SE. ! sec. 81-_
T. 81 N .• R.19 W.
(Malaka).

172 ,, ____ Sandstone _______ -180

Mrs. O'assle Preston!iE. ; sec. 2___
O'hrlst Wehrman __ SW. i sec. 14.___

800 _____ Sand _________ _____ Sand Interferes . No
rock.
200
160 Limestone ______ -100 Hard and mineral .

T. 81 N., R. 18 W .
(Mariposa) .
S. Morrison ________ NE. ! sec. 34____
Henry Korf _______ Sec. 11 _________
Do _____________ ____ do _________

254
400
175

120 Limestone _______ - 80
__________________
76 Limestone _______ - 60

Strong well.
No water.

140

100 Limestone _______ - 60

Strongly mlneralfzed .

100 Sandstone ------ 2~ ---------- -- ------ +

Hard water.
Flows ! gallon a mn·
ute. Slightly min·
-eraUzed.
Flows I! gallons a
Slightly
minute.
ininerallzed.

T. SO N., R. 19 W .
(Newton).

L. M. Baker________ NW. ! sec. 20___
T. 79 N. , R. 20 W.

(Mound Prairie) .
L. A. Greenleaf _____ SE. ! sec. 15__ _ 360
G. W. Miller _______ ~ mile east of 300
Metz.
John Kartchner __ _ 2) miles south· 163
west of Metz.
Mrs. M. L. Slaugh· Sec. 8 _______ _ 337
ter.

50 Sandstone

Moines),

100 "Gravel"

(Des

~6

U

+ 10

m----. + 17

T. SO N. , R. 20 W.

(Sherman).

~aw;onL;~Tf-::::: ~:'·.l ::~: is:::: ~~~ ___~~_'~~~~~~_. :.:-..::.:.::- .:!=(~ ~~~;al~ow.
'For Colf ax min eral w ells s ee table on p . 861.

MIneral.
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Typical wells of Jasper

Owner

Oounty~Continued.

Feet Feet

Bert Fnrch _-: _____ Sec. 34

160

E. W. Bodley _______ NE. t Bec. 20___

Remarks:
(Logs given iu feet)

Source of supply

Location

86!1

60 "SoUd rock" ___

Feet

+

20

gO

to Sandstone _____ - 30

876

140 Limestone _______ -150

Flows i gallon
minute. Hara.

a

T. 78 N., R. 21 W.

(Part of Des
Moines).

R. W. Brubaker____ NE. i sec. 36____
T. 78 N. , R. 20 W.
(Parts of Des
Moines and
Fairview).

Sam SchaT! _______ NE. i sec. 311___
S. F. OIdham ______ SE. i sec. 22____
Jas. Fouche _______ SE. i sec.

9_____

Abandoned.
weak well.

Strong well.
Strong well.
water.
240 ______ Sandstone _______ ______ Good weU.

268
376

95 Sandstone _______ -137
160 ____ do ___________ -125

Ver y

Fine

T. 78 N., R. 19 W.

(Parts of Fairview, :ElI!k Creek
and Palo Alto).
Robt. Marshall ____ 6 miles east of
Monroe.
J . A. OIdham_______ Sec. 16 ________

209 ________ do _________ -100
260

Lester Vaugh ______ Sec. 28 ______ _ 812
Town of Reasnor ____________ _ 180
J. H . Loar_________ Sec. 27 _______
Chicago, Rock Is- Monroe ________
land & Pacific Ry.
Oscar Efnor _______ III miles west 01
Reasnor.
T. 79 N., R. 19 W.
(Parts of Palo
Alto and Fairview).
George Lisle ______ Sec. 82 ________
George Lisle ______
JaB. A. OIdhanL. __
J. M. Woodrow___
F. H. Grlggs______
Ed. Ross ___________

60 Sandstone _______

do
do

140

260 _________ do

BOO ______ ____ do

+ 10

Flow 1 gallon a minute; water slightlY
mineralized.
________ -160 MineraI.
______ +
Bottom land_ Flows
Into tank at present, 1 gallon 11
minute.
________ - 25
________ ______ Scales bollers some.

Rock
stone.

2~

167

100 Red

sand - 67

262

117 White sandstone..

+ 22

Good well.

Bottom land . Temper a tore 52 degrees.
Mineral.
SW. t sec. 82____ 252
54 ''WhIte sand" ___ + 22 Flows III gallons a
minute. MineraI.
Sec. 16 _______ 260
60 Sandstone ______ + 10 Flows
1 gallon a minute.
"Hard and
salty."
NE. t sec. 29__ 2SS 100 __ do ______ +- 8 Mineral, simflar to
NE. i sec. 20______________ _ ________________ _ Colfax.
Flowing well.
6 mfles south 01 280 100 Limestone ____. + 16 Flows 1 gallon a minNewton.
ute.
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MARSHALL COUNTY.

BY HOWARD E. SIMPSON AND W. H. NORTON.

TOPOGRAPHY.

Marshall county lies immediately 'e ast of Story, the central
county of the state. Though its prairie plain does not, to the
casual observer, differ materially from that in other portions
of central Iowa, the careful student will recognize in the topography as many as three distinct types of plain, the distinctions
being chiefly the result of differing periods of time during which
running water has worked upon the till.
The youngest drift, the Wisconsin, overlaps a narrow strip
on the western edge of the county, varying in width from practically nothing on the southern border to three and one-half
miles on the northern border. Here is found the knob and kettle topography characteristic pf terminal moraines, though in
rather subdued form. Small ponds and sloughs, are common
and the region is generally one of poor and undeveloped drainage. The area does not exceed 50 square miles.
Almost filling the triangle in the northeast, separated from
the remainder of the county by Iowa river, is an area of drift
of Iowan age. The slight sag and swell topography and the
lack of marked stream dissection away from the master streams
indicate the topographic youth of the area, though the lack of
ponds and undrained tracts suggests a later stage of dissection
than the Wisconsin. This area contains approximately 100
square miles.
Except for the Iowa river valley, the remainder of the county,
nearly 400 square miles, possesses a more undulating topography
in which stream valleys are broad, divides much more clearly
marked,and drainage complete. This area covered by the
Kansan drift is, therefore, in topographic maturity.
The broad, flat flood plain of Iowa river is the most striking
topographic feature 'of the county. On the valley floor the river
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meanders widely and from it many smaner flat-bottomed valleys extend to every part of the county save the southwest
corner, which is drained to the south by tributaries of North
Skunk riv'er.
GEOLOGY.

All the country rock of Marshall cOlmty is of Carboniferous
age. Underlying the entire county is a thickness of about 150
feet of the Kinderhook stage, consisting chiefly of a heavy limestone overlain by thin shales and underlain by thin sandstone
and shales. Overlapping this in the western two-thirds of the
county lies the Des Moines stage, consisting here chiefly of shales
with some sandstones. (See PI. XI, p. 458.)
The general surface relations of the drift sheets hav'e already
been indicated. The depth is variable, but in the uplands 100
to 200 feet i:;; common and 400 feet has been r,epoi'ted. This
latter thickness is so great as to indicate a preglacial channel.
The Kansan drift, everywhere present, is the most important
of the superficial deposits, but distinct evidence of the earlie'r
Nebraskan drift is found in the presence of ?- dark blue-black
till in places beneath heavy beds of sub-Kansan sands and
gravels which are evidently of Aftonian age. These gravels
are reported in beds locally 30 feet thick.
In many places between the later deposits and the Kansan
are found other sand and gravel beds of Buchanan age. These,
however, are thinner and less important than thH Aftonian except in the stream valleys, where, as valley trains, they underlie
and are interstratified with alluvium. The Iowan till in the
northeast and the Wisconsin till in the west overlie the Kansan.
The Iowan is very thin and relatively unimportant, but the Wisconsin, because of its morainal character and undeveloped drainage, has a marked effect on ground-water conditions. Throughout the Kansan area and in places underlying the Wisconsin is
a mantle of yellow loess passing below into sand. As this
reaches thicknesses of 15 tOI 20 feet over some portions of the
uplands it is of importance in shallow wells.

872

UNDERGROUND WATER RESOURCES OF IOWA

Tlie alluvium which :fills the Iowa valley and the' narrower
valleys of all the larger creeks of the county includes extensive
valley train deposits, chiefly of Buchanan age.
UNDERGROUND WATERS. •
SOURCES.

The gravels of valley trains of Buchanan age 'a nd those beneath the drift and interstratified with it form the chief sources
of the abundant waters of the alluvium. Though not so pure
as those of the deeper drift and the rock, these waters are not
often seriously contaminated, and the-ir abundance and softness
render them especially valuable. The public supply for the city
of Marshalltown is drawn from the apuvium.
The drift beds are so numerous and in general so prolific of
good water that they form the chief source of supply for Marshall county. Dug, bored, and drilled wells reach all the sub- '
horizons at such different depths and with such different results that it is usually impossible to identify the age of the water
bed. Depths of 30 to 40 feet are most common and, in general,
the greater the depth the greater the supply. For domestic purposies very shallow wells suffice and are satisfactory if not contaminated from the surface, but for stock many 100f 100 to 250
feet are drilled with good results. In many of the deeper wells
the Aftonian gravel is the water bed.
Owing to the lack of drainage shallow wells on the western
margin of the county may find water closely akin to surface
water in the Wisconsin till.
The Iowan till is too thin to afford any important source of
water for even the shallowest wells, but the loess attains depths
of 15 to 20 feet in many places on uplands, and its sandy base
forms s,t orage for shallow ground waters. Formerly this base
was more important, but drainage and cultivation have generally reduced the ground-water level far below it, and it can now
be used only by the shallowest wells and is very susceptible to
drought.
Where the Buchanan gravel underlies the loess and the later
till sheets on the upland in scattered patches, it is unimportant,
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but wheI'le, associated with the alluvium it forms an important
source of water.
The Kansan till is very thick; open wells sunk into it expose
so much surface to seepage and small veins and afford so laTge
a reservO'ir that it is one O'f the mO'st important sources O'f water.
A f,e,w gravel and sand layers furnish bountiful supplies, but,
in generaJ, wells to it are easily pumped out and are liable to
fail in extreme drought.
Wells reaching the Aftonian gravel are abundantly supplied
with the purest and most wholesO'me water. Depths of 100 to
150 feet are not uncommon.
The Nebraskan drift is too vague and indefinite to be of importance. Sands and gravels below the Kansan or at the base
of a pre-Kansan till suggest the Nebraskan, and are generally
water bearing just above bedrock, as is any drift in such a
position.
The shales of the Des MO'ines stage are so dry and the water
they bear is so minerali2Jed that the rock is valueless except for
a few sandstone lenses from which excellent water may be O'btained. Wells deriving water from these sandstones are common in some parts of Marion and Jasper counties, but rare in
Marshall county. Wells penetrating the rock in the western
portion of the county are liable to find 30 to 50 feet 0'r more of
dry shale.
Practically all rock wells in Marshall county draw their supply from the Kinderhook stage, in sandy layers that generally
underlie a heavy bed of limestone, which in turn may underlie
a few feet O'f shale. Some excellent deep wells are had in these
layers, though. in many the water is not abundant. The flow is,
however, very constant and not 's ubject to' drought. The water
is generally hard, though pure and wholesome and excellent for
stock. Depths of 150 to 200 feet are common.
DISTRIBUTION.

Two gr0'und-water provinces may be distinguished in this
county-(l) the Iowa valley floor, including the lower valleys
of several of the larger creeks, in which the alluvium only is
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used; (2) the remainder of the county, in which the drift and
Kinderhook are used.
Water in abundance may be had near Le Grande and Quarry.
In the river valley the alluvial gravels supply it to driven wells,
and on the adjacent uplands the shallowness of the drift, especially to the north, brings gravel and sand beds near the surface,
from which a good supply may be had at 30 or 40 feet or less.
To the south, in Le Grande township, extr,eme depths of drift
are found; 100 to 200 feet to limestone is common and 300 feet
or more in drift wells is not unusual. The sand well of O. Beyngelson is 355 feet in depth.
Rock wells 80 to 120 f,eet deep are common, but 200 to 300
feet is not an unusual depth south of the river, where excellent
water is obtainable. Near the edge of the river bluffs the upper
limestones give rise to some fine springs.
Near Green Mountain the greater depths of the drift make
sand and gravel wells somewhat expensive and uncertain. Drift
wells 100 feet or more deep are not uncommon, but the chief
dependence for larger stock supplies is in the limestone, where
water is obtained at depths . of 125 to 300 feet. The flow is
in a few places scant for large stock supplies, but the quality
is good.
The alluvial gravels yield abundantly along the river bottoms
at Liscomb, Albion, Marietta, and vicinity, in some places giving
rise to flowing wells. A well on the farm of C. E. Asney, located
on the Iowa river bottom, in section 35, Iowa township, was dug
as an outlet for drain tile, but proved a flowing well. On uplands near the river drift wells are most common at depths of
30 to 50 feet, and the limestone supplies are unfailing, generally
from depths of 80 to 200 feet. N one of these viliages are provided with waterworks. West of the river in Marietta township most of the deep wells: are in drift and have depths of 200
to 300 feet. Some reach limestone at similar or greater depths.
In the Wisconsin drift area near Saint Anthony and Clemons
shallow drift wells are generally relied upon. Driven wells are
found all along the broad bottoms of Minerva creek and its
southern tributary, which flows through Clemons. Excellent
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water for stock wells is found in limestone at reasonable depths,
100 to 200 feet being common.
Near State Center wells 20 feet deep were formerly abundantly
supplied with water; at present drift wells are more commonly
50 feet and a few are 100 feet deep. Reports generally indicate
the presence of the Nebraskan till below the Kansan here,
but good beds of Mtonian gravel are few and, except in very
deep drift wells, do not afford strong supplies. Not uncommonly quicksand and mud are found above shales of the Des
Moines stage, making drilling difficult. These shales are 10 to
40 feet thiok and overlie limestones; in only a very few wells
is water found in thin sandstone beds at this horizon. Whenever a considerable quantity is desired drilled wells which draw
their supply from the limestone at depths of 100 to 250 feet
are put down. These are not very strong, but are constant in
supply, three to 15 gallons a minute being common.
At Rhodes and Melbourne shallow wells generally furnish
abundant water from drift and alluvium. On all the creek bottoms, however, good flows may be had. Three aquifers are reported ,at approximately 150, 200, and 250 feet. From the last,
which underlies the Des Moines stage, a head of 27 feet above
the surface is sometimes obtain·ed. The water is mineral, closely
resembling the Colfax water, and may come from the same
aquifer, the Saint Louis limestone, although this has not been
positively identified in this county.
At Melbourne the brick factory well draws· its supply from a.
lens of sandstone in the Des Moines stage at a depth of 230 feet.
Other deep wells are in limestone of the Kinderhook stage at
similar depths.
The well of H. Kno,ll, Sr., four miles north of Haverhill, is
reported to draw water from a sandstone of the Des Moines
. stage at a depth of 170 feet. Near Van Cleve, Haverhill and
Laurel limestone wells in the Kinderhook stage· are common at
depths of 200 to 300 feet. Drift waters are commonly used for
small supplies, but these do not hold out in dry weather, as the
location on the upland divide between Iowa and Skunk rivers
is not favorable for shallow wells.
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Near Gilman and Ferguson bored wells to depths of 100 feet
are common, and drilled rock wells are rare. A few stock wells
on uplands draw from the limestone' at about 300 feet.
CITY AND VILLAGE SUPPLIES.

Gilman.-Gilman (population, 430) has a small waterworks
system supplied by springs. The plant is owned by a canning
company. An elevated tank supplies water to one or two' fire
hydrants at low pressure. The water is reported to be soft and
of -excellent quality.
Marshalltown.-The water supply of the city of Marshalltown
(population, 13,374) is drawn fr om the gravel beds underlying
the flood plain of the Iowa river valley opposite the city near
the junction of Asher creek (SE. 1,4 section 22, T. 84 N., R. 18
W.). The wat er is collected by 40 wells, averaging 32 feet in
depth, arranged in a straight north-s<?uth line 50 feet apart.
Twelve-foot Cook strainers are used on the bottom of a sixinch casing. The gravel immediately overlies the limestone' in
at least one well. The general section is reported to be as follows:
General sect i on Of M ar shalltow n shallow w ells.

IThickness IDepth
Loamy soil ____________________________________________________________________ _ Feet<l

Gumbo __________________________________ :.___________________________ _

g~:~:}:tine,
:::;sea~~_~~~_:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
Sand,
white ___________________________________________________________ _

Limestone _____________________________________________________ _

li
3!

•

14
5

Feet4

55
9

IS
27
82

All wells feed by a clos'ed pipe into a two-foot main which
leads across the river to- the pumping plant on the south side,
where a storage reservoir holding 1,000,000 gallons receives all
of the water for aeration. At pres'ent rate of consumption this
is replaced once each day. A low-service triplex Worthington
pump draws the water from the reservoir for a distance of
4,720 feet, discharging it by gravity into the pump well.
At times the ground-water level in the field is reduced below
the top of the strainers and, in order to avoid breakirig the
vacuum, suction is had through inner pipes inserted to the mid-
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dIe of the strainers. Even with this precaution, the vacuum is
sometimes broken in case of drought, and then the consumption
of water is limited, otherwise it must be drawn direct from the
river through the intake provided for emergency. Such an
emergency should be nothing short of a conflagration on account of the foulness of this water. Means are provided for
cleaning the' well strainers by flushing back water through them
under high pressure, this being done once each month to insure
the best flow.
Two Gordon duplex pumps, with an easy working capacity of
5,000,000 gallons daily, supply the mains directly at an ordinary
pressure of 65 pounds, which may be increased to 135 pounds
in case of fire. This pressure at the plant is decreased about
40 per cent in the business portion of the city. 'T wenty-eight
miles of mains supply 200 fire hydrants besides many private
consumers.
The large number of rock wells in the city is supplied by the
waters from the limestone of the Kinderhook stage at depths
ranging from 7[, to 200 feet. anp' when properly cased and protected from surface contamination these deep-seated waters are
of excellent quality and many are of almost ideal purity. They
are superior even to the city water for domestic purposes and
should be used wherever convenient to do, so. The hardness
of the water renders it unsuitable for boilers and many manufacturing purpos1es, except after artificial softening.
Excellent examples of the wells reaching this horizon are the
two wells of the Iowa Artificial Ice & Refrigeration Company.
The water is very hard but of almost ideal purity. The mineral
pres'e nt in all other waters of this vicinity found above bedrock
is absent in this, and the ice mi:mufactured from it is clear and
brilliant. The two wells have furnished 75,000 gallons in 48
hours without any apparent depletion. During the season 30
tons of ice are made daily from this water, and large amounts
are us'ed in the refrigeration process and also, after softening,
in the boilers.
Supplies from private wells in the sands and gravels of the
drift underlying the city may be pure and wholesome, but they
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should be looked upon with suspicion because of the ,ease of
surface and sewer contamination and should be used only after
bacteriologic examination by competent authority. Such wells
in rural regions are generally wholesome if properly guarded
at the surface.
All of the water obtained above the rock contains some car' bonate of iron, which, on standing, oxidizes to the brown bydrated oxide of iron, and the water becomes milky and precipitates a brownish sediment. In all large supplies this may be
removed by aeration, and for domestic use on a small scale it
is not objectionable except to the esthetic sense.
A prospect hole for coal and gas, drilled on the bank of Iowa
river near Marshalltown (W. 112 NW. 1;4 section 25), has a depth
of 1,020 feet. (See PI. XI, p. 458.) Its curb is about 885 feet
above sea level.
Record

01

strata in .prospect hole at Marshalltown.

I

I

Thick·
ness. Depth.

Oarhonlferous (Mississippian):
Kinderhook stage (320 feet thick; top, 885 feet above sea level)Limestone,
light
in fine sand; many angular
fragments of limpid Feet
Quartz at 68
feetgray;
_______________________________
'_______________________
70 Feet70
Limestone, light yellow, compact, earthy luster: 3 samples______________
45
115
Limestone, brown, crystalline, cherty at 115 feet.___________________
30
145
Shale, soft, light green, calcareous c____________________________________
175
320
Devonian
(300
feet
,thick;
top,
565
,feet
above
sea
,
level):
,
145
465
Limestone (?); no samples ___________ ____________________________________
Limestone, hard, brown·gray, lind brown; crystalline; rapid effervescence;
155
820
samples at 465 and 560 feet______________________________________________
Siluri an (305 feet thick ; top, 265 feet above sea level):
, Dolomite, yellow, gypseous and cherty _________________________________________
55
fi75
Limestone, magnesian , brown, three samples; cherty at 675 feet_____________
G9
770
Dolomite,
cherty;
gypseous: mostly
white and translucent chert_______
_____ ________
30
800
Ohert, white
and translucent,
at _____of_: _______________________________
___________
800
No samples ________ ______ _____________ ________ __ ______________________ ________ _____
75
875
Limestone;
rapid
effervescence;
drlIlings
almost
wholIy
cherty;
some
gypsum ; 2 samples ___ _____________________ _________ __ __________ ______ _____ ______
40
915
Dolomite, white, in powder; some chert and gypsum __________________________
10
G25
Ordovician:
Maquoketa shale (95 feet penetrated; toP. 40 feet below sea level)Shale, blue and green·gray; noncalcareous in sample at 925 feeL_________
G5
1,020

Marshalltown is 890 feet above sea level, and, according to
the boring just given, the top of the Maquoketa shale was found
at 925 feet below the surface, or 40 feet below sea level. Had
the boring been continued the drill would have entered-the Galena limestone within about 80 feet of the bottom of the drill
hole, and considerable water might have been found in its
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cracked and porous layers. The Saint Peter sandstone may
be expected at about 550 feet below sea level, or 1,440 feet below
the surface. The drill should encounter below the sandstone
dolomites, more or less sandy, with interbedded sandstone
layers, and below the dolomites well-marked water-bearing sandstones. A very generous supply should be obtainable from these
horizons by a well carried to a depth of 2,000 or 2,200 feet.
The water at each water horizon 'above the Saint Peter should
be analyzed, and it may be found a:dvisable to drive water-tight
casing to the Galena to shu~ out deleterious veins.
By drilling several 8-inch or 10-inch wellsl and by the us·e of
compressed air to increase tue discharge it may be possible to
obtain a supply sufficient for a city as large as Marshalltown.
The water will hardly be good boiler water, a matter of importance in a manufacturing town. A for'ecast, ~ssentially the
same as the above, was made for the city on the 'r equest of the
council in 1899.
State Center.:-The town of State Center (population, 898) is
provided with ,a waterworks system, used chiefly for fire protection. The wflter is pumped from wells into an relevated tank,
capacity 60,000 gallons, whence it is distributed by gravity and
direct pressure through a mile of mains to 16 :fire hydrants.
Only 12 private consumers use the water, and not more than a
thousand gallons are pumped daily.
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WELL DATA.

The following table glves data of typical wells
county:

III

Marshall

Typical wells of Marshall Oounty .

~

'-'
0

...
Owner

.

r.

.'l

Location

:S0:>.

'"

.d

.,

~

"' "'

.:.

"
en

...0

.. . .

",.0

.,,,
0"

'0

.0'"

'"

",0

...'-' »
,,~

00:>.

ell

Remarks:
(Logs given in feet)

.,Q)
~.o

84 N., R. 18 W.

(Linn;
parts
of
Taylor and Iowa).

rowa ArtifiCial Ice Co. MarshaUtown

Brittain & 00.

do _______.. __ _

)Jnri:t Green _____ • . ___ do --______ _____ ..

Fcct Feet
~I;S

162

Feet

34 Limestone_ - 57 Strong

well,
hard
water, but no iron.
Water at 38, easUy
exhausted. Principal
water bed 131 feet.
Pumped by steam
and used in manufac·
ture of artificial Ice.
Softened for boiler.
Heavy
precipitate,
Indicating very bard
water; curt. 20 feet
above OI1!cago &
North Western rail·
way.
Diameter, 6
incbes; temperature,
52 degrees. Surface
and yellow clay, 22;
blue clay, 12; soft
limestone, 60; harder
limestone, 94.
71 Oolite
- 24 Principal water bed,
138; minor bed at 76.
limeston3
Pumped with steam
suction pump with·
out lowering. Hard.
Used
for
general
packing
purposes;
curb 25 to 30 feet
above Ohlcago Great
Western raHway. Yel·
low clay, 24; sand, 4;
blue clay, 40; sand,
3; limestone (blue
above, white below,
streaked with hard
layers), 79; shale,
12.
Diameter,
6
inches; cased, 71 feet.
A second well duplicates this, except 10
feet shallower.
71 Shaly lime· - 80 On slope 30 feet above
stone
Minneapolis and St.
Louis railway; water
bed in shaly ]Imestone
at 98. Pumps 15 gaIIons per minute with
little lowering. Dlam·
eter 43 incbes; cased,
71 feet. Yellow clay,
20: sand, 10; blue clay
41; limestone, 29;
shaly Hmestone, 69.
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TYP'icul u;ells in ];ICt)"shall County-Continued.

------

"'"

Owner

I,ocatioll
.0

Q.

'"

A

b.

"8
.£

'0'"

~

,..",

Co

'"

A

"

c.> .
c.>

g'Q

00

'"

· 0
",.0

,..'"

0"
.0"

Remarks:
(Logs given in feet)

"'::
",0

"'.,'"

;I:.o

Feet
Lennox Machine Co. ____ do ______________ _ Feet Feet
119
43 Hard blue - 9 Curb 10 feet below Chilimestone
cago Great Western
railway,
on
Linn
creek bottom. Water
bed 100 feet . Minor
bed at 25, in sand.
Pumped by steam,
lowers to -23 feet.
OIay, 20; sand and
hlue clay, 23; blue
and gray limestone,
76 .
Diameter
6
____________________________ do
inches,
cased 43 feet.
70
20 Limestonc _______ Water bed at 67 feet.
Diesing Bros. ___________ do
82
35
45 ---____ do
do ---___ _ ______ Water bed at 50 feet.
Fourth Ward 8chool l____ do
145
Second Ward School ____ do
98
Arnold School __________ do
86
======
33 ====
____ do ====
____ -----'I'hlrd Ward SchooL _____ do
79
Woodbury School _______ do
156
Anson School
____ do _______________ 106
==== ==== ======
Glucose hlanufactur- .___ do _______ ________ ' 300
19 ---- do --- - _ 19 10 other wells similnr,
Ing Co.
except average 200
feet deep . Curb 6 reet
above
Ohicago
&
North Western rail
way. Second bottom .
Open
wells
aII
through
limestone
3,000 ,000 gallons hav
been pumped in 2
hours. Used in manu
faeturing
glucose
Diameter 4 inches
cased. 20 feet . Soil,
4; yellow clay, 14
sand and gravel, 1
limestone, 180; shale
blue and huH, 101
Frank Graham ------ l} mil s cast of AJ· 154
120 ---- do - ---, -100 Very strong flow.
bion .
B. H. Kokel -------- 2 miles northeast of 110
70 ---- do ---- ______ 30·gall'on test ,lowered 10
MArs halltown.
feet.
W. B. Beeson ________ 3 miles north of Mar· 128
ES Gray Iime- - £0 Good and strong. No
shalltown.
stone.
lowered. Yellow clay
45; blue clay,
43
limes tone, 40.
L'. 84 N., R. 17 W.
(Marion).
L. H. Wallace ______ North Green Moun- 190 170 Limestone_ ______ Water bed in sand with
tain.
wood .at 100.
W. M. Stewart ______ 3 milcs northeast of 198
198 Blue sand - - sa Chief water in 3().foot
Marshalltown.
of sand .
L. Micklcy ---------- 4} miles east of Mar- 246 ------ Sand ____________ Nobed
rock.
__________ 4 shalltown.
L. Mickley
miles east of Mar· 303
300 Oolito
-140 Strong well.
Water
shalltown.
limestone.
hard. Yellow claY,90;
bl ue clay and muddy
sand,
210:
oolitIc
limestone, 3.
·n . Yetley ____________ 1 mile nortbeast of 162
150 Limestone_ -leO Very strong. Yellow
MArshalltown.
clay and sand, 60;
blue clay and sand
90, limeHone, 1~ .

~g
~

~g
~g

I

56
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Typical wells in Ma1'shall County-Continued .

...

Ol

...0

p.

.B
:S

'"

'"

Location

Owner

.d

A

T. 83 N .• R. 17 W.
(Le Grande).
Col. Dougherty ____ 2 miles north of I.e
Grande.

D.

&2

Holken __________ SE. ; sec. 21 ________ _ 806

562

O. Bryngelson _____ _ La Grande _________ _

855
837

Harem ______________
Hanks _______________
Wolken __________ ____
R. Piper______________
J. Mote_ . __________ ___

do
do
do
do
do

____________ • __
______________ _
___________ _
______________ _
______________ _

...0

~

"'.0

'0

.oOl

"'"

"'0

en

~.o

... ~
::10","

A"'"

232
325

806
280

.....

0::1

d~

Remarks:
(Logs given in feet)

d",,,,

Feet

Feet Feet

F. B. Brenecke _____ . 2 miles north of Fer·
guson.

E.
J.
D.
S.
J.

,:,.

9 Limestone_ - 80 Hard rock eXJ)osed in

300

Le Grande quarry.
ncar by. Strong well.
Water very hard.
Yellow clay. 9; lime·
stone. 83.
Soft lime -140 Lowers 100 feet on
pumping. Yields 5
stone.
gallons per minute.
Yellow clay. fiO: hlue
clay, 190; quicksand
56.

of 5 gallons "lOW,
ers water 20 feet.
Yellow clay. 35; blue
clay. 85; sand ana
clay. 70; blue clay.
110; soft shale. 108;
slate and limestone.
40; shale and sand·
stone, 114.
______ Sand ____ __ -185 No rock.
__________ do ___ . -137
Do.
225 Limeston~_ -132
800 ____ do ____ -156
______ Sand ______ -160
Do.
120 Limestone - 40
and shal •.
408 Shale and -180
sP.:ldstone

'~est

T. 83 N .• R. 18 W.

(Timber Creek).

John Goshon _______ 3:1 miles south of Mar·
shalltown.
H. Knoll. Sr. ______ 4 miles northwest of
Haverhill.
J. F. Cooper__________ Northeast HaverhilL
Chas. Lodge ________ 6 miles southeast of
Marshalltown.

T. 82 N .• R. 18 W.

281
170

120 Shaly lime· -100 Not
ston•.
130 Sandstone ______ _

B

strong wei).

(Des

Moines).
183
120 Shaly
-120 Pumping 5 gallons a
limestone.
.minute lowers water
60 feet.
260 ______ Gravel and -120 No rock.
saBa.

(Jefferson) .

T . Breekweg ________ ! mile south of Haver·

r.

8~

N .•

bill.

n.

140 Limestone_ -110 First water bed at 140.

308

207

(Green Castle).

Ohas. Coulbrom .

T.

180

17 W.

sa

_- N.

l sec .

82_________

N .• R. W W .

-140 Strong flow.
Oolitic
limestone.

(Washington) .

J. R. Hartt ________ 3 miles southeast of 210
H. Meslnesse

T. 82

N .•

------- ~

Laruolle.
2 miles west of Lu·
ray.

286

132 Limestone -----and shale.
140 ____ do ____ -140

281

190 Sand In

R. 19 W.

(Logan).

Polfnmburger
Walker.

&;

NE . ;

s('(~.

5__________

shale(De.
Moines).

-130 Used in manufacture of
brick and tile.

-
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Typical wells in Mm'slwll County-Continued.

...
e
OJ

£

Location

Owner

;l
0.

Q)

1=1

William Fort ______ . Nl). t sec. L________

258

Q.
::l

'0'"
<II
OJ

~~

00.

en

205 i:!haly
limestone.

;;

I .8>"8
01.0

Remarks:
(Logs given.in./eet)

d;:::

I=~~

01.0

150 Oapacity 10 gallons a
minute without lowering.

'1'. 83 N., R. 20 W.
(State Center).

,
,

Mrs. Bishop , _______ . 6 miles southwest of
Stato Center .
Louis Ricker ________ W. ~ sec. 15 ________ _
O. H. Lehman ____ NW.

232

190 Limeston,,_ -140

255

192 ____ do ____ ------ 3-inch vein; no sand or
sec1iment.

I

sec. 15_______ _

109 ______ Sand and - 18 Good gravel well. No
gravel.
rock.
________________________ State Center ________ _ 346 __________
do ____ ------ Pumps dry 1~ hours by
steam.
~

T. 84 N., R. 19 W.
(Marietta) •

W. E. Tomlins ______ S. ! sec. 22_________ _
H. Monninger ______ 5 miles southwest of
Albion.

225 ______ ___________ -----_ No rock.
320
Gravels
------ Strong water in sand
and sand.
at 300. No rock.

T. 85 N., R_ 20 W.
(Liberty).
Thos.

Andrews _____ SE.

sec. 22 ________ _

223

O. M. Smith ________ SW. ~ sec. 4________ _
W_ E. Elliott _______ NE. 3 Ste. 14_______ _

235

~

Carrie E. Arney ____ NW.

. ."'.

i------ ____ ao ____ 1------1 ~5~ne, blue and hard,

m , '" ~~~~" ~~~ r~~~r

T. 85 N., R. 19 W.
(Bangor; parts of
Iowa and Liscomb)
Susan J _ Brown _____ SE.

180 Limestone_ - 80 Yellow
clllY
(see"
water), 30; blue clay
(streaks of sand with
little water),
143:
soapstone, 30; shaly
limestone,
5; lime-

i

1 sec. 9__________ 130

~

sec. 35________

208

100 Limestone _______ Very strong v~ln III
crevice in litr es tone.
Yellow clay, 35; blue
clay, 55: .and and
gravel (s~ep water),
10; blne clay, 100;
sand, 20: blue clay,
105: shaly, light colored rock, 25; hard
limestone, 10; quicksand (?), 3; limestone, 2.
204 ____ do ____ - 40 Yellow clay, 30; sand
and clay, 10; blue
clay, 35; sand, 1.0;
blue clay, 65; sand, 6;
blue clay, 99; soapstone, 35: coal, 1;
wbite clay, 2: limestone, 10.
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Typical wells in lfIa1"Shall County-Concluded .

""e
<:)

0 0
.0 "

Remarks:
(Logs given in feet)

50>
1=1

1=1

365
303

325 Limestone_ -150
225 ____ do ____ ------ Yellow clay, 20; sand

OJ

;.P. 84 N., R. 20

"0

...

0
",.0

.....

.£
:S0>

Location

Owner

6.

' ~

<:)

OJ

......
<:)

000>

00

""

",0

~~
~.o

w.

(Minerva).
Henry Busse _______ .
Joe Goodman -------

sw.
Sw.

_________
! sec. 13
11 sec. 34 _______ "_

and clay, 5; blue
clay, 75; sand, 10:
blue clay, 7'·
-, gravel
(heavy
and
sand
water) , 10:
shnly
rock, 10; bard lime·
stone, 53.

POLK COUNTY.

BY HOWARD E. SIMPSON AND W. H. NORTON.

TOPOGRAPHY.

Polk county is l ocated immediately south of the geographic
center of Iowa, and the location of Des Moines, the capital and
chief city of the state, within its borders" has made it the political and commercial center. The surface is that of the gently
rolling prairie plain characteristic of northern and central Iowa,
modified only by its stream-carved valleys. The general ,elevation of this plain is approximately 1,000 feet above sea level.
Two distinct phases of the drift plain are present, differing
chiefly in maturity of dissection and topographic age. The line
separating the younger Wisconsin plain on the north from the
older Kansan on the south pas Ees just south of Mitchellville,
Rising Sun, Des Moines, and V alley Junction. About five-sixths
of the county is therefore within the area cov'e red by the latest
glacial invasion, the Wisconsin, and this line marks its southernmost extension in the United States. The Wisconsin area is
remarkably level, only slight sags and swells being noticeable.
The former are frequently saucer-shaped and hold sloughs and
shallow ponds. The latter are but gentle rises of land between
the sags. The stream valleys are narrow and shallow, and the
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whole area has the appearance of extreme topographill youth.
The Kansan area, on the other hand, presents narrower, flattopped divides and broader, deeper 'stream valleys, the whole
showing the well-drained, maturely dissected topography of a
much older type.
Polk, like the counties of southeastern Iowa, is crossed by
master streams flowing southeastward through broad preglacial
valleys. The most important is the Des Moines, meandering in
its broad valley from the northwest to the southeast corner, 150
to 200 feet below the upland, and dominating almost the entire
drainage. Of less importance is South Skunk river, paralleling
the Des Moines to' the northeast, in a valley only slightly less
broad and deep. Raccoon river furnishes a marked exception
to the general trend of master streams and enters Des Moines
river at Des Moines from a direction somewhat south of west.
GEOLOGY.

Alluvial deposits are found on the broad flood plains of Des
Moines, Raccoon and South Skunk rivers and on some of their
leading tributaries. These deposits are especially thick south
of the line marking the limit of the Wisconsin ice, comprising
heavy deposits of gravel in the form of valley trains in
valleys leading southward. These are so covered with alluvium
that they can not be distinguished and will therefore be classed
with the alluvial deposits.
The limits of the Wisconsin q.rift have been outlined in discussing its topography. The loess forms a thin veneer over the uplands' lying outside of the Wisconsin limits and underlies the
Wisconsin in places. The Kansan drift underlies the Wisconsin drift and the loess and controls the topography of the latter.
It is the most important superficial deposit in this area. Beneath
the Kansan extensive grav'el deposits and buried soil beds anu
an older drift have been noted in places. The gravels are be··
lieved to belong to the interglacial Aftonian stage and the drift
to the Nebraskan stage.
The country rock beneath the drift of Polk county everywhere
belongs to the Des Moines stage of the Pennsylvanian series.
Shales and sandstones, with a few limestones and here and there
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a coal seam, constitute the chief rocks. The Des Moines stage
rests unconformably upon a very uneven surface of Saint Louis
limestone. (See PIs. XIII, p. 626; XV, p. 812; XVI, 'po 814.)
UNDERGROUND WATER.
SOURCES.

'The aquifers utilized in.Polk county are the alluvium and valley train gravels, the loess, the drift, and the sandstones of the
Des Moines' stage.
Polk county is well supplied with shallow drift waters. COUDtryrock water, however, is very variable and is generally of poor
quality owing to the large amount of mineral matter it hold's
in solution.
A valuable water horizon is that of the gravels and sands interstratified with alluvium and underlying the flood plains of Des
Moines, Raccoon, and South Skunk rivers and other smaller
streams of lesser importance, such as BeaV'er, Big, Fourmile,
Mud, and Camp creeks, tributaries of the Des Moines; Walnut
creek, a tributary of the Raccoon; and Indian creek, a tributary
of the Skunk.
Drive points and open wells find an ~bUDdance of good water
at very shallow depths in these valleys. The deposits are especially valuable in the southern part .o f the county, owing to the
large amount of gravel spread out upon these valley floors as
valley trains by streams from the melting Wisconsin ice. The
public supply for Des Moines is secured from these beds by a
series of infiltration galleries built into the gravels of the Raccoon river valley. Valley Junction also derives a small public
supply from the same source by means of an open well.
In the area south of the Wisconsin ice front the thick deposit
. of :fine porous clay, known as the loess, is an important source
for shallow wells from which but a small supply is needed. The
chief importance of the loess lies in the fact that it grades downward into a :fine sand, becoming coarser and overlying the relatively impermeable till sheet of Kansan age. The common
depth of loess wells is 10 to 20 feet; one well, that of J. G.
Berryhill, in section 19, T. 78 N., R. 25 W., has a depth of 70 feet,
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but this is exceptional. . This loess in the Kansan area is· a
very uncertain source for water-except in the certainty with
which its wells go dry during droughts.
Within the area occupied by the Wisconsin drift many wells
penetrate the loess and draw excellent water from it, but owing
to the difficulty of distinguishing it from the drift, the two are
better classed together. The water is plentiful because this
porous deposit, lying between the two till sheets, forms a good
storage reservoir :a nd does not dry out so readily as it does
where it is exposed, as in the surface overlying the Kansan. This
is a condition usually favorable for seepage springs, and such
springs are common in the valleys cutting the margin of the
Wisconsin drift.
The drift furnishes water for the great majority of wells in
Polk county. The wells are so variable in depth and the drift
sheets so variable in thickness that it is difficult to distinguish
the different water beds, though several are worthy of mention.
The Wisconsin drift is thin, yet owing to the undrained character of the surface, it yields much water to shallow wells, which
may be obtained almost anywhere by means of a spade or an .
auger. The water com€s from small seeps and veins associated
with sand pockets or from thin layers of sand and gravel. With
the usual depression of the ground-water level in dry summer
seasons many of these fail-and the wells have to be dug deeper.
A better supply may be found in the sandy lower portion of
the loess wherever this· is present between the Wisconsin and
the Kansan. Even in the absence of the loess this horizon is
frequently marked by a gravel or sandy layer which is a strong
water bearer and source of springs.
The Kansan is the most commonly used of all t.he drift horizons, the water being found, as in the Wisconsin, in small seeps
and veins.
The Aftonian gravel, underlying the Kansan drift, forms a
most valuable source of well water where it occurs, but in this
region it can not often be found unless the gravels immediately
overlying the country rock are of this age.
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The Nebraskan is not clearly distinguished, but where found
it generally consists of a thin layer of gravel and sand lying
on the bedrock beneath the Aftonian gravel, thus adding another possible source of water.
.
The drift is present everywhere throughout the county, except where replaced in river valleys by the alluvium, which is
iIi. itself an even better aquifer. It is therefore rar'ely necessary to enter country rock except for a larger supply than the
drift affords.
Although water can be found in the sandstones and coal seams
in the Des Moines stage, it is rarely potable on account of its
impregnation with many minerals. The only available suurces
in this group are the thick lenses of sandstone, some of which
usually carry excellent water. Unfortunately such thick and
persistent lenses are relatively uncommon in this area. Some
beds exist in the southeast corner and to the north of Ankeny.
but nowhere are they more than local as compared with the Red
Rock sandstone of Marion and Jasper counties.
FLOWING WELLS.

Several deep wells are located in Polk county, the deepest and
best known of which is the Greenwood Park well in Des Moines,
with a depth of 3,000 feet. Water flowed from the Saint Peter
sandstone, but stood 45 feet below curb upon completion of the
well. Others are the courthouse well in Des Moine s', 381 feet
deep, flowing from the Des Moines, and the well on the river
bank in front of the Des Moines public library, 461 feet deep,
flowing from a sandstone bed at 360 feet. A flow on the farm
of M. R. Sadler, near Mitchellville, from a coal prospect hole
100 feet in depth, is an example of another class of shallower
wells, some in the drift and some in the Coal Measures.
GAS WELLS.

Gas has been reported in several of the drift wells near Saylorville and in the northern part of the county; one opening
owned by Louis Brendel furnishes it in sufficient quantity to
operate a gas burner.
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CITY AND VILLAGE SUPPLIES.

Ankeny.-On the uplands about Ankeny (population, 445)
drift wells 40 to 60 feet deep are common, though some go down
150 feet. These are supplied from layers of sand and gravel
and are variable. Not uncommonly the drift supply is insufficient, and rock wells are drilled. As the highest rock (the
shales of the Des Moines stage) is in many places 150 to 230
feet deep, it may be necessary to sink to depths ranging from
200 to 400 feet, the last hundred feet being in Suint Louis limestone. An excellent sandstone water is not infrequently found
among the coal shales of this vicinity, but no well-defined sandstone layer occurs in the Saint Louis limestone, 'a s it does in
coimties to the south and east.
Des Moines.-The public water supply of Des Moines (pop ...
ulation, 86,368) is owned by the Des Moines Waterworks Oompany. The supply is derived from the ,gravel beds of the Rac':
coon river valley on the inside of the great bend opposite thn
ends of Nineteenth and Walnut streets, in the southwestern
part of the city. The water is collected in infiltration galleries built 25 or 30 feet below the surface in such a way that
the water flows from the bottom only. A section consisting of
loam, river-washed sand and gravel, 45 feet of silt, sand and
gravel, potter's clay, and' sandstone is reported. More than
half a mile of galleries are constructed in a layer of coarse,
clean sand, and gravel, ,fine and free from silts. They lead by
gravity through a 36-inch cast-iron main into a large pump
well, 48 feet in diameter and 34 feet deep, located on the station
grounds northeast of the river. This is bricked and cemented
and arched like a great cistern.
An old gallery, 1,450 feet long extends from a small pump
:weH in the station yard westward along the railroad tracks, and
at its west end a short branch leads directly to Raccoon river.
In tim'es of great emergency water may be taken directly from
the riyer, but this has been done only a few times. T'he estimated capacity of the present system of collecting galleries is
10,000,000 gallons a day at the lowest stage of water. At an
Qrdinary stage it is inexhaustible with the present pumping
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plant. The actual daily consumption for the year 1911 was
5,258,770 gallons.
Within the pumping station three pumps-an 8,000,000-gallon
Holly, a 7,000,000-gallon Gaskill, and a 6,000,000-gallon Worthington-give a daily capacity several times that yet required.
The Worthington pump is held in reserve and with one of the
others may be connected direct to the river intake in case of
conflagration. The three are supplied with steam from a battery of five boilers of 110 horsepower each, by which a head of
100 feet is constantly maintained, a pressure ample for any
fire. A direct pressure of 100 pounds for the business portion
and 140 pounds for the higher northwest portion of the city is
maintained. The lower pressure may be increased to 140 pounds
in case of fire, though this is rarely n ecessary. About 130 miles
of mains supply 1,303 fire hydrants and 12,315 taps, the latter
through meters. Probably 80 per cent of the population depend on the public water supply.
The Des Moines Linseed Oil Company and the Des Moines
Manufacturing & Supply Company have abandoned drive wells
as unsatisfactory for steam purposes on account of boiler pitting
and use the public supply. Both of these companies, together
with the Des Moines Gas Company, treat the water with two
or three pounds of soda ash for 1,000 gallons and find the results very satisfactory. The Edison Electric Light Company
and the Des Moines Incubator Works, as well as many other
manufacturing plants near Des Moines river, take their supply
direct from the river. 'T he Des Moines Ice Company secures its
supply from four 26-foot point wells, drawing 40 gallons a minute at a temperature of 64 degrees, for use in the manufacture
of ice and 'for the condensers. River water is used for the
boilers. The Des Moines Hosiery Mills uses a supply from
eight points varying in depth from 12 to 34 feet, in alluvium and
gravel. The water stands 8 to 10 feet below th8 surface. The
longer points furnish water carrying increasing amounts of iron
salts in solution. The water is hard and requires compound to
prevent boiler scale. Points are generally renewed every year
or two, on account of ferruginous and calcareous cement col-
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lecting on the screen. A storage reservoir having a capacity of
10,000 gallons is used. At the former works of the National
Starch Works Company, 11/2 miles south of the fair grounds, a
supply of 300,000 gallons daily was obtained from 50-foot collecting galleries. The plant is now abandoned, so the water
system is not in use.
.
A large private water-supply system is that of the Agar
Packing Company. This company uses the public water supply for washing and cooking, but does not find it economical
for all purposes. Two sources are used. The first cQnsists of
a battery of seven four-inch Cook points, with five-foot screens,
driven 40 feet into alluvium and gravel. The general section is
as follows:
General 8ection at factory of Agar Packing 001l14iany.
Feet.6
Filling __________________________________________________ .__________________________
Clay. yellow ---------______________________________________________________________ 10
Gravel and sand__________________________________________________________________ 2.
Clay. hard. blue _________________ ________________________________________________ _

Water stands 15 feet below the surface, and the wells average
16 pounds vacuum while pumping. The water-yields some scale
and rust. 'This water is used first as a condenser of ammoni~ in
the refrigeration plant and afterward for washing and scrubbing. About 500 gallons a minute is constantly pumped, except in freezing weather. The second source is a well 18 feet
in diameter by 16 feet deep, connecting directly with the river
. by means of a 12-inch pipe opening with screen in the channel.
About 900 gallons a minute may be thus obtained. This water
is used for boilers, for which purpose the other waters are too
hard, and for spraying hog pens and similar work. The river
water sQales but slightly, and this tendency is easily removed by
the use of a small amount of boiler compound. Fire protection for the plant is had by the use of all the pumps and from
the city system.
The courthouse well has a depth of 381 feet. Its curb is 805
, f.eet above sea leveL It flows at the surface from a depth of
370 feet. It was completed 'by George Garver in 1888.
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Drillens' Zog of wezz at courthouse at Des Moines.

I

Thick-IDepth.
ness.

i~f'c:~~~~~;=~~~=~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Slate __________________________________________________________________________________ _
Sandstone __________________________________________________________________________ _
Slate ________________________________________________________________________________ _
Iron pyrites _______________________________________________________________________ _
Sla te _______ ________________________________ ___________________________________________ _
Ooal blossom _________________________________________________________________________ _
Sandstone and granite _______________________________________________________________ _
Shale with pyrites; shale layers 2 to 4 feet thick _____________________________________ _
Sandstone _________ ___________________________________________________________________ _
Slate ________________________________________________________________________________ _
Sandstone, with two bands of flint, 18 inches and 9 Inches thick, respectlvely____ _
Sandstone ____________________________________________________
~

Feet
63
18
3
5
24

10
10

Ii
4

i

101

60

39

6
17
19 _

=-=: --------- --- -- :.:-~~__=_

Feet
63

PI

84
8,q

113
123
133
134!
138~

139
240
300
339

345
362
__=:.
381

The Greenwood Park well (PI. XVI) has a depth of 3,000 feet
and a diameter of 10 to 3 inches. Its curb is 872 feet above sea
level, and its head 45 feet below the curb. The tested capacity
is 400 gallons per minute. Sulphureted water from depths of
498 and 668 feet (MissiFlsippian) rose within 30 feet of the surface. Water beds were indicated by changes of level of water
in the tube at several depths between 1,011 and 1,208 feet (Silurian); water from depth of 1,425 f.eet (Niagaran) rose above
surface; water was found at 2,025 feet (Saint Peter) ; at 2,208
feet (New Richmond), and 2,330 feet (Oneota1. Date of completion, 1896. Drillers, J. P. l\filler & Company, of Chicago. T.
Van Hyning, who supervised the drilling of the well, reported
that when the drill entered the Saint Peter the flow of water increased until it amounted to 1112 gallons a minute; pumping 52
gallons a minute for 18 hours lowered the water level 125 feet;
when the pump was stopped the water rose within six feet of
the top but did not flow again. When the drill ent_ered the New
Richmond the water level fell to 50 feet below the surface; in
the Oneota it fell to 80 feet below the surface. Probably other
water beds were struck, for on the completion of the well the
water stood 45 feet below the curb. It still maintained thif>
level when, in 1902, the city water mains were extended to the
park and the well was closed.
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Record at strata in Greenwood Park well at Des Maines (Pl. XVI, p. 814) .
Thlck-iDePth ness.
i
Pleistocene (14 feet thick; top, 872 feet above sea level):
Till, buff, sandy, with a few pebbles; noncalcareous___ _____________________ __ __
Oarbonlferous:
PennsylvanianDes Moines stage (484 feet thick; top, 858 feet above sea level)Shale, black, brittle, carbonaceous_______ ________________ ________ _________
Shale, gray, "fossillferous"_______________________________________________
Shale,
carbonaceous, calcareous,
highly pyritiferous______________
Shale, black,
gray ___________________
____________________________________________
Shale
and
limestone,
bluish
gray,
highly
fossiliferous__________________
Shale, varicolored _________________________________________________________

Feet
14

Feet
14

1
1
84
15
67

15
16
19
23
38
105

Shale, bluish gray, highly and finely arenaceous, hard__________________
Shale, bluish gray, slightly calcareous____________________________________
Shale, dark drab and black, carbonaceous________________________________
Shales,
gray, at
drab,
practically noncalcareous; 1 -________
foot of
grey chert
284 and
feet.purplish;
_________________________________________
. MlsslsslpplanSaint Louis limestone and Osage stage (200 feet thick; top, 37~ feet above
sea level), Ohert and shale; heavy bed, very hard to drill; most of the sample Is
an arglllo-calcareous powder; the shale Is reported as caving in from
above, but
its chert
calcareous
nature indicates
that it is in part Inter-_
stratified
with
and Ilmestone
_____________________________________
Limestone and chert, brownish gray___________________________________ _
stageblue
(160and
feetgray
thick;
top, 174 feet above sea level)Kinderhook
Shale, light
___________________________________________
_

10
60
11
312

115
175
186
498

170
30

668

40
10
25

Shale, terra cotta red, highly calcareous ________________________________ _
Shale, light blue-gray ____________________________________________________ _
Shale, light gray, higbly calcareous; fine cherty resldue _________________ _
Devouian (80 feet tbick; top, 14 feet above sea level);
Limestone, light huff; much gray cbert_________________________________________ _
Silurian (507 feet thick; top, 66 feet below sea level):
Limestone, light blue-gray, crystalline, saccharoidal; effervescence slow; considerable white gypsum ________________________________________________________ _
Limestone, cherty, crystalline, blue-gray; effervescence moderately rapld ____ _
Limestone, cberty, crystalline, saccharoldal, dark blue-gray and buff; effervescence Indicates magnesian limestone, but not dolomite _______________________ _
Gypsum
and shale;
gypsum gray and wbite, in fiakes;__ _______
shale ----------------green, perhaps
_____________________________________________
from above
Limestone, ligbt bIll e-gray, higbly seleniforous; some flakes of gypsum _______ _
Limestone, cherty, arenaceous; grains of sand, minute, rounded; much shale
in rounded fragments, perhaps from above __________________________________ _
granular with much chert and some chalcedonic_
Dolomite,
crystalline,
_______________________________________________________________
silica; 8 buff,
samples
Ordovician;
Maquoketa shale (33 feet thick; top, 573 feet below sea level)Shales;
In large
fragments; purplish yellow and green; noncalcareous; finely_
laminated
___________________________________________________________________
Galena dolomite to Platteville limestone (508 feet thick; top, 606 feet below
sea level)Dolomite; In yellow-gray powder; cherty__________________________________ _
Dolomites,
yellow,____________________________________________________________
buff and brown; mostly cherty; residue finely quart-_
zose; 5 samples
Shale, green, very slightly calcareous______________________ __________________ _
DolOmite, brown, arenaceous ______________________________________________ _
Shale, dark green, hard, "fossiliferous"; practically noncalcareous _______ _
Saint Peter sandstone (39 feet thick; top, 1,114 feet below sea level)Sandstone, fine, white; grains moderately well rounded _____________________ _
Prairie du Ohlen stageShakopee dolomite (124 feet thick; top, 1,153 feet below sea level)Shale;
greenish______________________________________________________
powder of dolomite, chert, fine quartz sand, green ----__
shale,
and pyrite
Dolomite, ,arenaceous, cherty____________________________________________ _
drab, calcareous; In finest powder; grains of buff, cherty dolo-_
Shale,
mite ____________________________________________________________________
Dolomite, gray __________________________________________________________ _
Dolomite, gray; minute rounded vesicles resembling matrix of oolite
from which grains have heen dissolved ________________________________ _
Dolomite ___________________________________________________________________ _
Shale; as at 2,085 feet; "exceedingly hard to drlU" ____________________ _
New Richmond sandstone (94 feet thick; top, 1,277 feet below sea level)Dolomite, arenaceous, gray; 2 samples _________________________________ _

698

85

738
748
773
858

80

958

53

20

958
1,011

97

1,208

15
145

1,223
1,368

22

1,390

55

1,445

83

1,478

260

1,738

200
80
10

8

1,938
1,946
1,976
1,986

89

2,025

7
30

2,032
2,062

23
5

2,085
2,090

5
5
40

2,095
2,100
2,140

9

2,149
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RecO?'d of st?'ata in Greenwood Park well-Continued.

I

Thick· Depth

I ness

Shale, drab, calcareous ________________________________________________ _ Feet 5
Sandstone, white, fine, calciferous _______________________________________ _
10
Dolomite, bull' _____________________________________________________________ _
8
Sandstone,
clean
white
Quartz
sand;
grains
rounded
___________________
_
10
Dolomite, buff ___________________________________________________________ _
Sandstone, bull'; grains broken, much dolomlte _________________________ _
Sandstone, friable, white, fine ______________________ ____________________ _
Shale, drab, sIfghtly calcareous ___________________________________________ _
S8nrlstone, wbite _____________ ___________________________________________ _
Dolomite, bull', white; much Quartz sand ______________________________ _
Shale _______________________________________________________________________ _
Sandstone, gray and bull', calciferous; most of grains broken _________ _
Shale, Ifght blue___________________________________________________________ _
Oneota dolomite (175 feet thick; top, 1,371 feet below sea level)Dolomite of various tints, many cherty; argillaceous at 2,250, 2,272,
2,333, 2.340 feet; arenaceous at 2,270 and 2,333 feet; at 2,305 feet there
Is 17 feet of white, blue, and green chert; 32 samples ____ , ____________ _
. Oambrlan (582 feet penetrated; top, 1,546 feet below sea level):
Sandstone, white; fine grains, mostly rough surfaced; some dolomlte _______ _
Dolomite, brown; In chlps _________________________________ • ____________________ _
Sandstone _________________________________________________________________________ _
Dolomite, rough, gray, and brown ____________________________________________ _
Sandstone, fine. white and reddish; 3 samples __________________________________ _
Shale, Ifght blue·gray ______________________________________________________ ------Sandstone, calciferous, bull' _______________________________________________________ _
Dolomite, arenaceous, gray, bull', and brown; 6 samples ___________________ _
Shale, Ifght blue·gray ____________________________________________________________ _
Dolomite, gray and bull', sllfceous __________________________________________ _
Sandstone, gray, fine, calclferous ____________________________________________ _
Marl, highly Quartzose, dolomitic, argfllaceous; yellowish powder-; 2 samples
Sandstone, calciferous, gray and white; 8 samples_____________________________ _
Sandstone; In sand and small chips superllclally resembIfng dolomite; cal·
cfferous, glauconitic, close·gralned; graIns whIte, gray and buff; 10 samples
Shale and dolomite; shale hard, hrlght green, slaty; dolomite white, highly
siliceous, with much greenish, translucent amorphous slllca, 2 samples; over
one·half of the second sample soluble In acld ________________________________ _
Sandstone, buff; In powder, glauconlferous; rock Is termed sandstone al·
thoug-h composed chiefly of light colored particles which effervesce freely
In ficiil: _________________________________________________________________
fragments of crystalllne Quartz form but a small proportIon of the_
drfllings
Sanri.tone. SBccharoidal: dark witb purplish tInge. dark color due to numerous
grains of glauconite, purplish tinge to ferruginous stains on Quartz sand;
sand
grains________________________________________________________________________
of crystalline silica, rough surfaced, Imperfectly rounded, many_
fractured
dark
gray, greenish, macrocrystalllne, glauconiferous; sparingly_
Dolomite,
arenaceous ____________________________________________________________________
-Sandstone, greenish; grains mlcroscoplc________________________________________ _
Shale, dull gray, fine-grained, and exceedingly finely lamlnated _______________ _
Sandstone,
calciferous; grains Imperfectly rounded, with hard,
dark greenglauconiferous,
slaty shale ________________________________________________________
••
Marl; in buff flour; microscopically arenaceous; calciferous; glauconiferous ••
Marl,
pink;tocalciferous,
one·thlrd of drillfngs by weight insoluble_
In acid;
bottom ofarenaceous;
welL ___________________________________________________

Feet

3
2
14
5

2,154
2,164
2,172
2,182
2,107
2,208
2,210
2,214
2,219
2,222
2,224
2,238
2,243

175

2,418

12
2
4
4
12
2
4
80
10
9
27
19
12

2,430
2,432
2,436
2,440
2,452
2,454
2,458
2,488
2,498
2,507
2,534
2,553
2,565

145

2,710

20

2,730

20

2,750

130

2,880

5
5

5

2,885
2,890
2,895

15
50

2,910
2,960

40

3.000

15
11
2
4

5

Mitchellville.-The State Industrial School for Girls at
Mitchellville is supplied with water from several wells. (See
PI. XV, p. 812.)
Water is forced into a tank of 1,600 barrels capacity, elevated
on a gO-foot tower, from which 10 fire hydrants and taps in each
building are supplied at a pressure of 45 pounds. The school
consumes about 8,000 gallons of water a day, less than one-fifth
the capacity of the plant.
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Well No. 1 has a depth of 865 feet. The water is strongly
saline and is not potable and the well was abandoned. Driller,
F. J. McCarthy, Minneapolis.
Well No.2 has a depth of 470 feet and a diameter of 8 inches
to 103 feet, 6 inches to 350 feet, 4112 inches to 370 feet, 3% inches
to the bottom; 6-inch casing to 103 feet, and 4%-inch from 348
to 360 feet to shut out a foot of soapstone. The curb is 987
feet above sea level and the head 102 feet below curb. Water
came in at 100 feet but was cased out; also from 320 to 350.
feet, heading 50. feet below curb, but the supply was small and
easily reduced by pumping; also from 440. to 452 feet in porous
rock; tested capacity 20. gallons a minute. Date of completion,
190.1.
By August, 190.4, this well had filled with sediment to 340
feet above its base, or nearly 20.0. f,eet above the working barrel
of the pump.
.
Well No. 3 had a depth of 563 feet and a diameter of 10.
inches to 107 feet, 8 inches to 317 feet, and 6 inches to the bottom, casing to 542 feet. The curb is 987 feet abovp. sea level
and the head 63 feet below curb. Tested capacity 15 gallons
a minute at completion of well; present capacity 45 gallons a
minute; water at depth of 550 and 563 feet. Temperature, 60· F.
The well was drilled by J. H. Shaw, of Sioux City, and was
completed in January, 190.7.
In October, 1912, Mr. Shaw deepened the well to a total depth
of 625 feet with a six-inch bit. At the same time 4lj2-inch perforated casing was inserted from a depth of 477 feet, 6 inches
to the bottom. The cylinder is 5% feet long and 4% inches in
diameter. Its top is 461113 feet below curb and a suction pipe'
extends 22 feet below the foot valve.
Driller's log of well No.1 of the State Industrial School, Mitchellville.

I

ThiCkness.] Depth

No samples _______________________________________________________ _
Sbale _________________________________________________________________ _
Rock _______________________________ c _____________________________________ _

Shale, . green ____________________________________________________________ : __
Limestone and shale_______________________________________________________ _

Feet

296
269
45

75

180

Feet

2ij6
565

610
685

865
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Record of strata in' well No. Il' ot the ,"!tate Industrial School, Mitche77.viHe.
\ Thickness. \Depth.

~l '~~.~~r~~~~~~;:~~;~~~--~~~=;~;:~:~~~==~~~~:

Olay and sand mixed ______________________________________________________________ _
Sandstone __________________________________________________________________________ _
So a pstone __________________________________________________________________________ _
Rock, red ________________________________________________________________________ _

~g;
~st~~~(
t I~l ~:c~:_ ~!_:~~~~~===== =======~==: ==:===~==~= =~~~== ===~== ==========:_
Rock,
blueI a;~
_________________________________________________________________________

Slate and soapstone ________________________________________________________________ _
Rock, hard, gray _________________________________________________________________ _
Soapstone with hard layers of slate (dark) ____________________________________ _
Rock, hard, gray _________________________________________ ________________ : ______ _
So apstone _________ ___________________________________ _____ ____ ________________ ___ _
Rock, bard ________________________________________________ ,, ________________________ _
So aps tone, hard _____________________________________________________ ___ __ ________ _
Rock, bard, gra y ________________________________ ________________________________ _
So a pstone ______________________________________________ . ___________________________ .
Rock, bard, witb 1 foot of Iron pyrltes ___________________________________ ~ _____ .
51 ate _____ _______________ ___________________________________________________________ _

~g~~st~;~?' ~~~ _~~~~~ _~_~ _~~~~=== =======~:::: :==:==:::::::=::::::::~=:= :~~ :::=~::

Feet

Feet
4
10

3
35

4
14
17
52

2

54

30

84
87

3
5
10
3
7
10
2~

12

2~

10
6
18
8
2
12

92

102
105
112
122
124~

1361
139
149
155
173

181
183
195

5

200

10
2
12
5
7
5
10
15
2

210
212
2?4
229
236
241
251
266
268

h ___________________________________________________________________ _
Sl ate, bard, b gray
Sandstone _________________________________________________________________________ _
Iron pyrites ______________________________________________________________________ _
Sa nilstone. II a rd _________________________________________ . _______________________ _
4
S Ia te _____________________________________________________________________________ _
2
Sandstone __________________________________________________________________________ _
15
Slate, gray _______________________________________________________________________ _
5
Sandstone, hard, with crushy layers _________________________ ___ _____ _____ _______ _
24
51a te, gray ______________________________________________________" ________________ _
2
Sa ndstone, b ard ________________________________________________________________ _
7
Iron pyrites _____ ________________ __________ _______ _______________________________ _
2
San dstone , very b ard ____________________ _________________________________________ _
5
J_im estone ____________________________________________________________________ -- -- --_
10
Ran r1 ston P, ba rd __________ ___ ______________________________________________________ _
5
Soapstone ___________________________ ____________________________________________ _
1
Limestone ______________________________________________________ -------------------2
4
Limestone, brown, crystalline, vesicular; witb large masses of blue·gray cbert
Limestone, brown; wltb Irregular blue sbaly masses ___ ______________ ___________ _
2
Sbale, blue, calcareous. nearly grltless _______________________ __________________ _
2
Shale, blue·gray; witb disseminated siliceous nodular masses ___________________ _
1
Limestone, brown, vesicular; effervescence moderately slow; crystalline; fossil·
iferons _____________________________________________________ _-------------------6
Sbale, blue-gray and buff mottled, massive, calcareous; bigbly siliceous, witb
minute Quartzose particles ___________________________________________________ -----------,LImestone, blue, crystalline, somewhat vesicular; effervescence ratber slow__ -----------Limestone, blue, crystalline , porous; fossiliferous, wltb casts and molds; minutely arenaceous, argillaceous ________________________________________________ -----------Limestone, mottled gray; mucb disseminated cbert In grains and with geodic
cavities with cbalcedonlc and crystalline Quartz______________________________ -----------Limestone, yellow and dark gray; mottled like diorite; ratber slow efferves·
cence; argillaceous, minutely arenaceous ________________________ ___ _________ -----------Limestone, blue·gray, argillaceous, and green·gray, saccbaroldal; macro·
crystalline _______________ -_________ -- -- -- ---- -- -- ------ --- ----------- --- -- -- --- - --------- --Limestone, ligbt brownlsb gray, saccbaroidal, macrocrystalllne; rapid effervescence ______________________________________________________ ------------------ -----------Limestone, mottled dark and light gray, vesicular; effervescence ratber slow;
macrocrystalJlne·earthy, siliceous, wltb green disseminated particles of clay ------- ----Limestone, blue-gray, vesicular, with cavities lined with chalcedonlc and
crystalline drusy quartz; wltb disseminated green clay as above ____________ --------"---

>Driller's log to 352 feet; from 352 to 470 description of samples.

272

2U

289
294

318
3~ 0

327
329
334
344
~49

350

352
356
358

360

361

366
380

400
410
420

430

445
450
460

470
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Record of strata in well No.
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3/ state IndustriaZ School, MitchEIZZviZle.
Depth
in
Feet

Sandstone, fine, gray; SOllie effervescence in hot hydrochloric acid, indicating magnesialJ
cement; some carbonaceous shale in coarse grains __________________________ __ _______ _
Sandstone, similar to the above; brisk effervescence in hot hydrochloric acid, none in
cold acid; a few crystals of pyrite____________________________________________________
Shale, bjue·gray, fttie, rather hard, no grit_________________________________________
Limestoq.e,
fine·grained;somo dark carbonaceous shale, also some
that atl 174 feetgray,
_____________________________________________________________
similarl to subcrys~alline,

~g:l~:

fE' t~SSJ~;ifi~:~t;~W~~~-cOIO-r-ed-js-'h-,;-rd-an(i--tliie.teXture-d;-(i-;rk-g-ra:y-is-grttty

and c I

bles

mo~e

easily; some calcareous content is indicated by effervescence in

Shc~l~ ~r~~~c~oe:i';.ft~~e;d-~-~i~:~~~~~~~~~:-~~~~=-:-~-:~~:-~:-~~:__~~~__~~~_~~~:========

Shale, Vllriegated,-1~ay, red, green; sampl'e shows some crystal grains which probably
come from magnesian limestone; slight effervescence in hot hydrochloric acid_______
Limestone,
blue·gray,
subcrystalline;
fragm ents of fine textured
shale like that
at 211 flne·grained,
feet _____________
____________some
____________________________________
Shale, dark gray, fine ____________________________________ _____________________________
Clay
gray, no
laminae evident; darker thau the above; slightly
gritty,
hard,shale,
clay dark
concretions
______________________________________________________
___________
Limestone,
light
gray,
fine·grained, pyritiferous, crystalline, brisk effervescence_______
in cold_
hydrochloric
acid
_______________________________________________________________
Limes tone, gray, similar to above _____________________________ _____________ ___________ __ _
Clay shale, gray, fine·textured; effervesces sllgbtly in cold hydrocbloric acid ___________ _
Limestone, light to dark gray, subcrystalline; grains of vesicular pyrite present; brisk
effervescence in hydrochloric acid__________________________________________________
Limestone, as above, containing water__________________________________________________
Chert and limestone; chert gray, fine-grained, one fragment being part of a quartz
geode; limestone, gray calcite and dark gray granular limestone; effervescence brisk

L~~~t;~;? !~~~~P~~~i1iga~idto-(iark-g~-ay;-fiiieiy-g~-aniila~;-~-0~e-g~"iti~_;~i-qU~;t~==:=1

Shale, blue·gray, fine ___________________________________________________________________ _
Limestone, white and crystalline to dark gray; brisk effervescence in cold bydrochloric
acid; considerable dark sand and some quartz crystals; water________________________
Limestone
and chert;
chert,
mihk·white, with numerous well· formed quartz crystals; lime·
stone, gray,
granular
_______________________________________________________________
Obert and limestone; chert predominates in sample, in small angular, bluc·gray chips;
limestone in light yellowish gray powder and fine sand; abundance indicated chiefly
by brisk effervescence in cold HCI. Large residue of clay and cbert, with a few sand

112-120
163-17'
174-186
1S6-191

m-2!n

207-2l1
211-240
234-240
24()-251)
2ro-200
260-317
317
317-327
327-330

330-340
35()-357
360-370
895-419

419-420
~4

434-4Ml

g~~~n~o~!ti;o;l°:g~;~ _~~~~~:~~~_____~~_~~~~_~~~_:~~~_~~_~~_~~~~~~~~:..~~_~~~~v_~~~_~~~ 565~~
Ohert and limestone, in about equal amounts; chert similar to that in sample above;
limestone subtranslucent, crystalline·granular, somewbat iron stained. Residue after
digestion
acid chiefly chert with some quartz grains and ferruginous granules;_
sample
at in
__________________________________________________________________________
575
Limestone with some chert; limestone in crystalline granules and yellowish powder;
chert as above. Residue almost entirely chert, some fine, light gray sillca, a few pyrite
grains. Sample ligbter gray tban preceding; sample at ______________________________ _
Limestone in fine, clear, granular sand, brownish gray from coating ot caleareol,ls
powder; some chert and iii little shale, tbe latter possibly from above. Effervesces
readily,
small, chiefly ebert, with some small grains of translucent quartz;_
sample atresidue
____________________________________________________________________________
696
Limestone, similar to above, but less chert, pyritiferous, effervescence more rapid than
that of higher strata. Residue small, chiefly quartz; sample at ____________________ _
610
Limestone, similar to above, little chert, cleavage faces of calcite give sparkling appear·
as in previous. _
ance. Residue
chert and quartz grains, together with some clay,
at _______________________________________________
_______________
samples;
samplesmall,
515
Limestone, in fine gray and subtranslucent sand; digestion in acid reveals presence of
considerable quartz in fine grains, also a Ilttw blue·gray chert. Some shale and num·
erous small masses of limestone fragments held by ferruginous cement; sample at ___ _
~

'Description of drlllings by James H. Lees, Assistant State Geologist of Iowa.
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A combination of the data of wells 2 and 3 gives the following section:

IThICkness· iDeIlth.

-------------------------------------------;
Ounternary (987 to 885 feet above sea level)_____________________________________
Oarbonlferous:
PennsylvanlanDes Moines stage (885 to 670 feet above sea leveJ)_______________________ _
MlsslsslIlplanSaint LouJs limestone and Osage stage (670 to 517 feet above sea level)
Probably same as last (617 to 377 feet above sea JeveI)___ __________
Kinderhook stage (377 to 302 feet above sea leveI)_______________________ _

Feet
l oo

Feet

1~2

215

S17

153
140
75

470
610
885

Below the green shale from 610 to 685 feet" the lime rock and
shale, " extending, according to the log of well No.1, to 865
f.eet (122 feet above sea level) may be in part Kinderhook, but
in all probability it includes also some Upper Devonian. If the
saline water of this well is considered as native to the lower
sources, it is possible that the drill penetrated to the Salina (?)
formation of the Silurian.
Another well at Mitchellville, 95 feet deep" draws from a
gravel layer at 80 feet. The water is excellent and is used for
all purposes. The supply may, however, be readily exhausted
by hard pumping.
Saylorville.-A boring 1,800 feet deep is reported• from the
vicinity of Saylor, in section 12, T. 79 N., R. 24 W., but no
reliable data regarding it are available. A flowing mineral
well, less than 400 feet deep, situated near Say lorville', in section 3, T. 79 N., R. 24 W., is said to discharge about 5,000 gallons
an hour. The source of the water is probably in or immediately
above. the Mississippian.
Valley Junction.-The public supply of Valley Junction (population, 2,573) is owned by the Valley Junction Water & Light
Company, which owns two wells that furnish the supply. One
is a flowing well 278 feet in depth which receives its water from'
a sandstone bed near the bottom and has a head 16 feet above
the curb. The water is strongly mineral and is permitted t.o
flow into a cistern, whence it is pumped for fire and emergency use.
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The common supply is taken from a large open well 24 feet
in depth, which draws its waters from the alluvial gravels found
at depths of 12 to 24 feet anywhere in the town. Water stands
within 12 feet of the surface, but it may be pumped out. Water
is pumped from the second well into a tank 22 feet in diameter
and 16 feet high, elevated on a 75-foot tower from which it is
distributed by gravity through two miles of mains to 17 fire hydrants and 30 taps; 90 pounds pressure is generally maintained.
Driven wells may be had almost anywhere in the lower part
of town at depths of 12 to 25 feet. The water stands so near
the surface that in case of flood in Raccoon river the cellars
are filled and 'rater occasionally breaks up through the street!3.
The open sands and gravels lie immediately under the surface
soils, except where they are covered with a layer of gumbo, and
the ground water rises and falls with the river. 'T hus water is
easy to get, but is liable to be contaminated. On the hill bored
wells 40 to 50 feet in depth are the rule.
WELL DATA.

The following table gives data of typical wells in Polk county:
T1/PicaJ wens of Polk Oountll.
=~==~~'='~~ :==========7=~========~===========

.>:

"8

Owner

is

Location

6.

"
'0'"

:5Co

:5

"." ,.,
,,-

A

A

rn

'"

""'"

0,,"

i5

",.0

,."

0"

.0"

.s"
.s"

",,0

Remarks:
ogs given in feet)

"'.0

~

I
Feet Feet
Feet
Mrs. JennIe E. Day 3 mlles south of ____________ Des Moines + 20 Ooal prospect. Water bed,
I Ankeny.
250 (?).
Fort ,Dodge, Des Ankeny __________ __ 150 . _____ Sand and - 20 No rock.
Other water
MoInes & South' j
gravel.
beds, 75 to 125.
ern R. R.
W . M. DOnnagh Y_ 6 mlles north of 274
200 ____ do ____ - 70 Filled to 274; other water
Ankeny.
beds 150 to 200, In fine
sand.
j
F. H. Hunter _____ 2 miles northeast 265
1411 Sandstone_ - 80 Other water beds, 150 to
of Ankeny.
(Des
200.
MoInes).
Henry Wagner --- 11 mlle from Ankeny 380 240 Sandstone_ - 60

I

Olty of Des Moines Oity LIbrary ______

461

44 3ray sand·

stone.

+

7 Tlll (alluvium), 44; loap·

stone, 10; sandstone, 7;
fine clay, 111; slate, 17;
coal, 4; sandstone. 80;
sandstone, striped. some
water, 30;
sandstone,
120;
sandstone, hard,
striped, water bearing.
38. Principal water bed
at 800; another at 2"..5;
flows freely as a park
well.

900

UNDERGROUND WATER RESOURCES OF IOWA

Typical wells in Polk Cmmty-Continued.

.,.
0

8

Owner

Location

Cr:I

r:I

470

10'l Sand

'"

Sayre::::::::

Beaver Township _ NE. t sec. 25. T.
79 N.• R. 22 W.
Valley
Water
00.

Junction Valley Junction
Ligbt

&

---

Do. ------------ ---- do --------- ---

.,

.,.0
~'"
0';

'"
P
.,

:So.

.c:I

Glr)jl
Industrial Mitchellville -------School.
Do. ------------ ---- do ----------Do.
NW. do
~ sec.--20.--T~
T. S.
Lee _______ ___ 79 N .• R. 22 W.
J. O.
SW. t see. 16. T.
78 N .• R. 22 W.

.s

0

6.

,;

..,,-

Remarks:
(Logs given in 'feet)

.0 0

~

"

-0 0

'"I»
::l_
00.
rI.l

.,"

tJ;1.o

and -102 Other water heds In rock.
gravel.

865 ------ At 350 feet_ -60 Very hard water.
95 ----- GraveL ____ ------ No rock.
220 ------ Sand ______ - 80 No rock. SlIght sulphur

taste.
rock. Hard water .
Drift. 25; hlue clay. 25;
yellow clay. 20; hard
black clay. 100; yellow
clay. with gravel. 6;
gravel and water.
65 ------ ____ do ____ ------ No rock.
Hard water.
Drift or soil, 21; blue
clay. 44 ; soft blue sand
rock (drift conglomer·
ate); Band and water.
24 ------ Gravel ana -12 10 feet In diameter. No
quicksand
rock.

175 ------ ____ do ____ -

278 ------ Sandstone_

25 No

+ 16

Flows Hnch stream; mineral.

STORY COUNTY.

BY HOWARD E. SIMPSON AND W. H. NORTON.

TO~OGRAPHY.

Story county is at the geographic center of Iowa. Its surface, as a whole, is so nearly level, compared with the southern
and ·e astern parts of the state, that it appears nearly flat-a condition due to the drift deposited over it by the last great ice
sheet. Since this deposition too little time has elapsed to permit
much modification of the gently .rolling surface, and the area
remains one of physiographic or topographic youth. Swaies and
shallow saucer-shaped ba.sins are very common, but only the
largest streams have developed well-marked valleys. The hills
are inconspicuous low swells, save in a few places where kames
and morainal ridges are well developed. Local relief is slight
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and the maximum difference in elevation, between the highe Qt
point on the moraine bills near Summit, with an altitude of 1,075
feet, and the point where South Skunk river leaves the county,
is less than 250 feet.
South Skunk river, which drains the western half of the county, and Indian creek, which drains the eastern half, both flow
southward through fairly well developed preglacial valleys.
Their tributaries, however, are few and po orly developed, and
ponds, small sloughs, and undrained areas are common. Many
of the smaller tributaries as well as most of the ponds are intermittent, frequently disappearing in dry seasons.
GEOLOGY.

The glacial drift is thickly spread over the surface of the entire county except in the valley floors of South Skunk river and
its chief tributaries, Squaw and Indian creeks, where it has
been eroded away or covered with alluvium. In the South Skunk
river bottoms below Ames and along Indian creek at Maxwell
these deposits have been found to be from 50 to 100 feet thick,
showing the preglacial character of the lower portions of the
~alleys.

Two drift sheets at least are present, the WisGonsin and the
Kansan. They are separated by the loess and in many places
by sands and gravels (the Buchanan), beneath the loess. Beneath the Kansan another gravel bed (the Aftonian) is locally
present. The bedrock is everywhere the Coal Measures (Des
Moines stage), except in the west-central portion about Ames,
where South Skunk river and Squaw creek have cut through
these into the Saint Louis limestone. The cutting was made
possible by a decided arching of the strata. Surface exposures
of the bedrock are comparatively rare, owing to the depth of
the superficial deposits.
Aside from the low anticline which elevates the Saint Louis
limestone along South Skunk river about Ames and the minor
irregularity of the surface, Story county shows no structural
featuI1es worthy of mention. The Des Moines stage has a
maximum thickness of about 200 feet, is of varying character,
and dips slightly southeast. (See PI. XI, p. 458.) The thickness
of the drift layers is extremely variable.

902

UNDERGROUND WATER RESOURCES OF IOWA

UNDERGROUND WATER.
I

SOURCES.

In Story county water is drawn from the alluvium, the Wis. consin drift, the loess, the underlying interglacial sands and
gravels (Buchanan), the Kansan drift, the sands and gravels
(Aftonian) ·beneath the Kansan, the Des Moines stage, the
Saint Louis limestone and deeper beds.
Alluvium in quantity sufficient to form a water bed is limited
to the valleys of South Skunk river and Squaw and Indian
creeks. Here, not only beneath the flood plain but under the
well-marked terraces which lie from 20 to 30 .feet above it,
coarse gravels and sands of glacial and fluvial origin alternate
with clay and silt for depths of 50 to 100 feet and form a fairly
distinct water province, whose importance is enhanced by the
fact that several towns, including Ames and Cambridge on South
Skunk river, and Maxwell and Iowa Center on Indian creek,
are situatled within it. All these towns draw their supplies from
these deposits, which yield a satisfactory quantity of good water.
. The creamery well at Cambridgel illustrates the character of
the strata.
Recor d of creamery wen at Oambridge.

I

ThlCkness. !Depth .

~

J

Loam and yellow clay ___________________ _____________________________________
Sand
Olay, and
bluegraveL_____________________________________________________________
_____________________________________________________________________
Sand, fine _______________________________________________________________________
Gravel, coarse ___________________________________________________________________

Feet 10
10
26
10
10

Fee;o
20
45
85
e5

The width of the alluvial area averages about half a mile along
€ach stream, except on South Skunk river from Ames southward, where it is about two miles.
As in all the other areas covered by the Wisconsin drift sheet,
the drainage of the Wisconsin area in this county is immature
and the ground-water level so near the surface that the chief
source of underground water for all purposes has been shallow
bored and dug wells. The depth of the Wisconsin till, 20 to
80 feet over the general upland, is so great that in the earlier
lBeyer, s. W., Geology of Story County: Iowa Geol. Survey, Vol. 9, p. 206.
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days -comparatively few wells penetrated it even to the loess.
Cultivation and artificial drainage have, however, lowered the
ground-water level and this, together with the increased demand
for stock water, has necessitated the deepening of old wells or
the sinking of new ones, and the latter as a general rule have
been bored or drilled. Most of them draw their supplies from
the sand and gravels between the two great drift sheets, which
still remain the source most commonly utilized in the county.
These beds give rise to many springs where they are exposed in
the stream valleys, and though some are intermittent many are
perennial and form an excellent supply for stock pastures.
Deeper drift wells reach a fairly persistent and satisfactory
bed beneath the Kansan, in the sands and gravels immediately
overlying the bedrock, though many good wells are obtained in
local sand layers higher up. The depth is variable owing to the
great variations in thickness not only of the Kansan but of the
overlying Wisconsin; depths of 100 to 130 feet are common in
the western portion of the county, and depths of 150 to 300 feet
are not uncommon in its eastern portion.
The relations of the Kansan aquifer to the bedrock below, as
well as the general drift relations, are shown in a well section
given by S. W. Beyer/ and interpreted by Norton.
Log Of Larson toell in the NE.

~

sec. 5, Lafayette Township.

I

Thlckness .jn ePth .

Wisconsin
Soil anddrift:
yellow clay___________________________________________________________ _
OIay, blue ________ ______________________________________________________ _
Loess:
Quicksand _________: ____________________________________________________ ______ _

Feet

Kansan
Olay,drift:
blue and yellow mlxed _______________________ _______________________ _
. Quicksand _________________ __ ________ ____________________________________ _
Olay, blue _______________________________________________________________ _
Aftonian
gravel:gravel, water bearlng_________________________________________ _
Sandstone,
~

Des Sandstone
Moines stage:
_______________________________________________________________ _
Ohert ___ : _________________ : ______________________________________________ _
Shale, blue and black; coal; fine clay; and .shale, black _________________ _

Feet
10
5

10
16

6

20

6
1

77

25
211!
lOS

50

153

II
2

159
161
176

15

The heavy deposit of sand and water-bearing gravel is somewhat anomalous and may signify a preglacial channel. In some
portions the Kansan is so thin that it is difficult to distinguisb
its upper beds.
1Geology of Story County: Iowa Geol. Survey, Vol. 9, p. 197.
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The record kept in the sinking of the Iowa State College well
is of value in showing the relations of the drift horizons.
R ecord

at

tHlper porti on Iowa State College well.
DePth.

j Feet
T=Cj""ll-, -ye-::lI-ow
- a-nd-;-gr- a-ve-::lI'-y";- up
p-er
po-r:-:tlo
n-m-od=:-!II~e~
d --:
In
--o
toB---'
oiC:L__-__-__-__-__-__- _-___-__-__-__-___-__-__-___
TflI, blue, Bandy_____________________________________________________________________________
TflI, blue;
Bome
yellow clay_________________________________________________________________
Sand,
yellow
______________________________________________________
______________________

~_____

TflI, bluish green, contains an abundance of graveL_________________________________________

1- 16
16- 82
8235- 85
40
4()- 50
62-102
'ill

Silt.
with g"reenisb
tinge,_____________________________
loesslike, but IIner____________________________
Silt, ash-hrown;
slightly arenaceous
___ ___ _____
___________________________
Sand, very line, light yellow______________________________________________________________
106
Sand; witb coarse gravel; water bearing ________________________________________________ 11()-120
Shale, light bluish gray, calcareous, and cberty________________________________________ __
126

A gravel layer about 16 feet below the surface is the probable
source of a spring which furnished the earlier water supply of
the college. A sand and gravel bed 10 feet in thickness at a
depth of 40 feet and the coarse sand and gravel near the base of
the well all indicate excellent suppHes sufficient for ordinary
use, "though they have in late years proved .insufficient to meet
the demands of the college.
A few wells penetrate the entire drift and, entering the bedrock, find a satisfactory supply in sandstone lenses in the Coal
Measures (Des Moines stage). These layers are so local and
variable that no general prediction can be made concerning them,
and their water is in places too highly impregnated with sulphur salts to be valuable for domestic use. As a rule, this ·
group is here chiefly composed of shales and therefore practically dry. These beds are absent in the small area about Ames and
Soper's mill, but reach a maximum thickness of 200 .feet in the
southwestern portion of the county. A driller's log indicates
the type of well.
Log

at,

Tilden well, in the NE. 1,4, sec. 12, Franklin Township.

IThICknesB. !Depth.
Soil and yellow clay (Wlsconsln) ___________________________ _______________ _
Sand and clay (loess) _________________________________-______________________
Olay, blue (Kansan) __________________ _______________________________ _
Slate ____________________________________________________ ___________________ __ _
Sand; with coal and water_________________________________________________ _
~

Feet

45
10
63
12
8

Feet
45

65
US .

130
138
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The Saint Louis· ~ime stone lies so deep over most of the county
as to be beyond the reach of ordinary wells, and its shaly
character makes it less certain as a water bearer than it is farther south. However, sandy layers mingling with the shaly beds
beneath the heavy upper limestone supply. a number of wens
ranging from 130 to 400 feet in depth.
At the Iowa State College, at Ames, and at Nevada, the deeper
beds have been drawn upon.
DISTRIBUTION.

In the eastern part of the county the stock wells are generally
deeper than in the western part. Depths of 200 to 300 feet are
not uncommon, the water being drawn mostly from sandstone
beds of the Des Moines stage. Bored wells in drift are sufficient for ordinary household purposes and small Jarms.
Throughout the southwestern portion of the county farm wells
200 to 400 feet in depth are most common, but few of them enter
bedrock, abundant water being supplied by heavy gravel layers
in the base of the drift. Cambridge, Maxwell, and Iowa Center,
in the southern portion of the county, draw their supplies from
the alluvial sands inter stratified with the silts of South Skunk
river and Indian creek. Wells 200 to 300 fee t de ep are common
in the southeastern section. One of the ~e is utilized for a small
town supply at Collins.
Several small and well-defined artesian basins are found in
the northern part of Story county, in the bottoms of valleys,
and have their origin in the drift. Beyerl describes these basins
as follows:
Of these, Keigleys Branch, Zearing, and Dyes Branch constitute · the most
noteworthy artesian basins in the order of their importance. Watkins's well is
the strongest well in the Keigleys Branch basin and may be considered typical
of the area. The sequence of strata passed through is as follows:
Soil, 3 feet; clay, yellow, 17 feet; clay, blue, 35 feet; gravel and sand, water
bearing, 7 feet; blue clay penetrated.
It is reported that the drill dropped 9 feet on reaching the gravel and that
water carrying gravel with it spouted out with great violence. Bowlders of sev·
eral pounds weight were thrown out. The water contains much suspended sedi·
ment. Temperature, 48° F .; rate of flow, 28,000 gallons per hour.
'Geology of Story County: Iowa Geol. 'S urvey, Vol. 9, pp. 230·232.
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There are numerous other flowing wells in this vicinity, but all of small flow.
In the majority of instances the temperature is 2° or 3° higher than in the
case of Watkins's well and about 5° higher than in ordinary shallow wells in the
same locality, which show a temperature of about 45° to 46" F.
In the Zearing basin all of the wells are located on the bottom land along
Minerva creek, within a radius of a miI!'l from the town of Zearing. All are of
small capacity and vary from 60 to 90 feet in depth.
Along Dyes Branch several flowing wells have been developed. The waterbearing stratum is reached at from 80 to 120 feet below the surface, the depth
depending upon the position of the mouth of the well. The water is of good
quality, but, as in the case of the preceding basins, it carries considerable ferruginous matter, as evidenced by the taste and by the brownish rust which coats
all vessels in which the water has been aUowed to stand.
Several other flowing wells are known at widely separated points in the
county, but in every case they are of small capac'ity and possess little of general
InterE)st.

The Skunk valley at Story City and the Bear creek valley at
Roland are also noteworthy artesian basins. In the former is
located the city well of Story City.
CITY AND VILLAGE SUPPLIES.

Ames.-The location of Ames (population, 4,223) on the terraces of South Skunk river and Squaw creek insures an abundant supply in the alluvial sands at no great depth. The city
supply is drawn from a wen 10 inches in diameter, drilled within the casing, which was driven as fast as the well was drilled
to a depth of 99 feet, and finished with a 10-foot screen. The
water is thus drawn from coarse sands and gravels at a depth
beyond danger of surface contamination. 'T he head is usually
about 48 feet below the surface.
The Chicago & North Western Railway uses a similar well
in which a Cook strainer was sunk to a depth of 104 f'e·et. The
water stands 30 feet below the surface. The log is of interest
in this connection.
Record of Ohicago

~

North Western Railway

'lOOn

at AmeS'.
\ Tblckness . jDePtb .

Loam, sandy ____________________________________________________________________ _
Sand, blue, and clay___________________________________________________ ------_____ _
Gravel, coarse ______________________________________________________ -----------__ _
Sand, water bearing_______________________________________________ -----------_-___ _

Feet

Feet
20
85
10
89

20
65
65
104
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One of the most important supplies in this vicinity is that of
.the Iowa State College of Agriculture and Mechanic Arts. (See
PI. XI, p. 458.) Formerly an abundant and excellent supply had
been obtained from the gravels underlying the Wisconsin till,
but this source failed entirely in the dry swnmers of 1894 and
1895. The well has a depth of 2,215 fee~ and a diameter of
12 inches for 120 feet, 10 inches for 300 feet, 8 inches for 648
feet, 6 5-6 inches for 362 feet, 5% inches for 505 feet, and 5 inches
for 280 feet, to the bottom. It is cased within 280 feet of the
bottom; no repairs made. The curb is 1,000 feet above sea level,
and the present head is 20 feet below the curb. 'T he original
pumping capacity was 100 gallons a minute; present yield, 100
gallons a minute; yield can be materially increased by speeding the pumps. The well was completed in 1897 by Gray Brothers, of Chicago.
The water beds are stated by Beyer to be the Jordan, the
New Richmond, and the Saint Peter. Pumping tests indicate
that the water-yielding ratio of these formations is .15 to 4 to
1, respectivelY.l
The temperature observations of this well made by Byer 2
are of especial value. When the tests were made the well was
practically full of water and had not been disturbed for more
than a month. No corrections were made for convection currents nor for conduction. A Miller-Casella self-registering maximum-minimum thermometer was used. The instrument was lowered and the depth measured by a steel wir'e which passed around
a calibrated drum. Readings were taken every 100 feet. The
mean annual temperature at Ames is 47.20 F.; the temperature
0
at 2,100 feet below the surface is 63.4 F.; and the average
0
gradient is 1 F. for every 129.6 feet of depth.
Record Of strata in dcep well at Ames' (Pl. XI, p . 458).
Pleistocene (120 feet thick; top, 1,000 feet above sea level):
Depth in feet.
Till, yellow, sandy to gravelly; upper .p ortion modified into soIL_____
1-16
Till. blue. sandy ____________________________________________________________________
16-32
Till, blue; some yellow clay _______________ ___ ___________ ___________ __ ____________
32-35
San d, yell ow _____________________________________ __ __________ -___ __ __ ____________ _____
35- 40
Till, greenish blue; abundance of gravel and cherty limestone pebbles; matrix effervesces freely with dilute hydrochloric acid__________

40-50

IBeyer, S. W., Iowa Agricultural College water supply, Ames, 1897, p . 11.
'Idem, pp. IS-U.
'Idem, pp. 6-9.
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Silt, ash-brown; with greenish tinge, calcareous and absorbent,
loesslil{e but finer ______________________________________________________________ _
Silt, sl1ghtly arenaceous __________________________________________________________ _

62-97

102
105
Sand, very fine, light yellow -----------------------------------------------------Sand; with coarse gravel, water bearing; quartz pebbles abundant;
limestone fragments pres en t __________________________________________________ _
110-120
Carboniferous (M'Ississlppian) (3UO feet thi cl<: ; top, 880 feet above sea
level) :
Shale, 1Igh t bluish gray, calcareous, cherty _________________________________ _
126
Limestone, bl ue- gray, argillaceous, pyrl tiferous ___ ___________________ _____ _
151
Limestone gray, argillaceous; some quartz _________________________________ _
160-170
Limestone, light gray, soft, even-textured, cherty; effervesces very
freely with weak hydrochloric acid ______________________ ___________ ~_______ _
185
LI m e s ton e, s II gh tly a r gill ace 0 u s ________________________________________________ _
200
Limestone and shale __ --------------_______________________________________________ _
210
Shale and limestone ________________________________________________________________ _
240
Shale, \)1 u e, non calcar00us, pyri ti ferou s ________________ _____ ___ ___________ _
310
Limestone, argillaceous; tending toward an oolitic facies; effervesces
strongly with dilute hydrochloric acid _____________________________________ _
315
Shale, with fragments of white limestone; fossiliferous and pyrltlferous ___________________________ _____ _________ _________________________ ______________ _
820
Shale, earthy, blue, arenaceous ____________________________ ___________________ _
325
Shale, light reddish brown; some green shale, slightly calcareous ____ _
330
Limestone, blue-gray; some green shale a nd brown limestone _______ _
375
Llmeston e, brown, pyri ti ferous _________________________________ _____ __________ _
385
Limestone, brown; fragments of white cherty limestone and angular
q uar tz gral n s _____________________ _____ __________________ ___ _________________ __ ___ _
395
Li m es to n e, bro wn, a r gill ace ou s _________________________________________________ _
400
Shale, light gray, highly calcareous ________________________ _________________ _
415
Shale, gray - bl u e, caicareous ____________________________________________________ _
416-420
Devoni an (310 feet thick; top, 580 feet above sea level):
Limestone, yellowish gray; some carbonaceous matter __________________ _
420
Llmeston e, white, com pact- __________ _______ ____________________________________ _
440-456
Shale, light bluish gray __________________________________________ ________________ _
460-475
Shale and 11m eston e ___________________________________________________ ___________ __
495
::;hale and Ilmestone __________________________________ ______________________________ _
540
Limestone, white, and shale, greenlsll blue, noncaicareous _____________ _
550
::;hale, ash - bl ue, calcareous ______________________________________________________ _
560
57U
Limestone, gray -blue; fragments of brown limestone a nd green shale
Llme ston e, gray - bl ue ______________________________ ___ ____________________________ _
580
Limestone, gray, and shale, blue and green _______________________________ _
5\10
LI meston e, f ossi 1i f era u s ______________ ___ ____ _______ ____________________________ _
600-610
Limestone, gray- brown, su bcrystalll ne ______________________________________ _
615-640
Limestone, gray- brown, and shale _____________________________________________ _
tl46-66U
Lim estone, bu rr, Sl1 bcrystalll ne __ ___ __ _________________________ ________________ _ . 660-680
::;Ilurlan (150 feet thlcl<:; top, 270 feet above sea l eve l):
Limestone, buff; earthy luster; soft; effervesces moderately with
Ilydrochlorlc acid _________________________________________________________________ _
690
Lim esto ne, blue and buff; the latter In part vesicular and magnesian __
700
Lim es ton e, drab, highly ar gillaceous _________________________________________ _
710
Limestones; several kinds; one a buff earthy limes ton e, finely laminated, effervescing slowly, the l ami nae marked by dark gray bands
720
.oOloml te, IIg h t gray ______________________________________________________________ _
730
.oolomlte, brown and gray, subcrystalilne; v a rying in hardness and
co I or ________________________________ _______________________________ ________________ _
740
Limestone, burt ____________________________________________________________ ________ _
750
::;hal e, 011 v e - gr ee n ________________________________________________________: ________ _
755
Limes to n e, butt --- --- -__ -___________________________________________________________ 77 5, 815-830
::;hal e and II m e s to n e _______________________________________________________________ _
840-850
.0 0 10m I te, as h -gray _________________________________ __ ___________________________ _
860
.ooloml t e, w 111 t e __ __ _______________________________________________________________ _
~

~

870

910

,
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lJOlomlte, arglUaceous and arenaceous____________________________________
1,850
lJOloml te ________________________________________________ __ ________________________ 1,860-1,880
.uoloml te and sand ______________________________________________________________ 1,890-1,910
lJoloml te, hIghly arenaceous ______________________ __ _______________ ______ ___
1,920
:sandstone _________________ ________________________________________________________
1,930
lJoloml te ____________________________________________________________________ . ____ 1,950-1,960
lJOIOmlte, arenaceous, graIns well waterworn ________ ! _____ ______ ______ 1,970-1,990
lJoloml te, arenaceous; some green shale __________________________________ 2,000-2,010
lJ oloml te __________________________________ : _________________ ____ _______ ___________ 2,020-2,040
lJOloml te, hIghly arenaceous ________________________________________________
2,050
lJOloml te ___________________________________________________ __ ______________ _____ __ 2, C60-2, 070
lJoloml te, argIllaceous _________________ _____________ ___ __________________ _____
2,080
Shale, blue, noncalcareous _____________ _______________ ______________________
2,090
CambrIan:
\
.
Jorda n sandstone (115 feet penetrat ed; top, 1,100 feet below sea level):Sandstone; with dolomite and a little blue shale________________________
2,100
:Sandstone, white and waterworn; a small percentage of the grains
contaIned iron __________________________________________________ __ ______ _____
2,110
San dstone, white; grains fine, sharp ____________________________________
2,120
:santtstone; as above, with coarser weU-rounded gralns______________
2,130
:sandstone, whIte; graIns fine, even, well worn ________________________ 2,140-2,175
:Sandstone, whl te; texture varlable_____________________ _______ ____ _____ ___
2,185
:sandstone; grains stained red with iron oxide; red and green shale;
graIns larger than above and more angular; iron pyrites and a
black metallic mineral presen t__________________________________ __________
2,195
:Shale, brownIsh red, arenaceous________________ _____ _______________________
2,205
:Shale, green _____________________________________________________________________
2,215

Nevald a.-The city of Nevada (population, 2,138) has two distinct sources of supply, a shallow open well 25 feet in depth,
drawing its water from a coarse gravel bed, presumably at the
base of the Wisconsin, and a drilled well 980 feet in depth, reaching the Silurian aquifers. Water is pumped chiefly from the
shallow well and the deeper one is held in reserve, because of
the expense of pumping the latter from a depth of 300 feet and
because its water is strongly mineral.
The shallow well yields only about 500 barrels a day and is
easily pumped out in dry summers. The water is distributed by
gravity from a tank, capacity 35,000 gallons, elevated on a 90foot tower, and a pr·e ssure of 50 pounds is maintained on the
main streets. Mains 51;2 miles long supply 35 fire hydrants and
about 140 taps. About one-fourth of the popuJation use the city
supply, and all others are provided with shallow wells from the
same aquifer.
The drilled well (PI. XI, p. 458) has a depth of 980 feet and a
diameter of 11, 8 and 6 inches; casing to 810 feet. The curb is
1,005 feet above sea level and the original head 103 feet below
curb. The water bed is at 940 feet (Silurian), and the tested
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capacity, 200 gallons a minute. Date of completion, 1895. Drillers, Palmer & Sandbo, of Caledonia, Minnesota.
Driller's Zog of city wen at Nevaaa.

__

~_

_

___

I

_ _ _ _ _ _ _ _ _ _ _ _ •. ___ .. . 1.Thickness Depth

Olay, yellow ___________________________________________________________________ _
Olay, blue __________________________________________________________________________ _
Olay, yellow ________________________________________________________________ _
Sand _____________________________________________________________________________ _
Olay, tile ________________________________________________________________________ _
Shale _____________________________________________________________________________ _
Olay, black ____________________________ ___________________________________________ _
Slate _________________________________________________________________ .:________ ___
Ooal and slate___________________________________________________________________ _
Olay, light gray____________________________________________________________________ _
Shell lime rock _________________________________________________________________ _
Lime rock, white, mixed with flint ______________________________ - _________________ _
Granite, blue _____________________________________________________________________ _
Limestone, blue ___________________________________________________________________ _
Shale, red _______ __________________________________________________________________ _
Limestone, blue _________________________________________________________________ _
Soapstone _______ __ _______________________________________________________________ _
Limestone, white _____________________________________________________________ ____
Limestone, blue __________________________________________________________________ _
.Olay, blue ______________________________________________________- _________________ _
Limestone, blue ________________________ _________________________________________ _
Limestone, white _________________________________________________________________ _
Sandstone, dark __________ ___________________________________________________ _
Sandstone, white ______________________________________________________ - _______ _
Sandstone, red _________________________________________________________ _
Sandstone, white ________________________________________________________________ _
Sandstone, red ________________________________________________':. _________________ _
Limestone, white __: __________________________________________________________ _
~

~

Feet

Feet
30

SO

6
10
65

86
48
101
121

20
50
75

In

248

8

ug

3

252

15
15
50
50
93
8

80
8
98

32

3
65
40
35
10
12

8
4
12

287
282
432

482
575

583
663

671
769

801
804

SSg

899
934
944
956
984

!HIS

980

The clay shales and coal from 101 to 267 feet may be interpreted as the Des Moines stage. The Mississippian includes the
"limestone mixed with flint" and the so-called" granite," and
the Kinderhook may be represented in at least the upper part
of the blue limestone from 482 to 663 feet. Under this interpretation the limestones from 671 to 899 feet may be Devonian,
and the sandstone beneath them may be dolomites of the Silurian. Certainly no sandstone is to be looked for at this horizon.
Nevada is 1,005 feet above sea level. The artesian water used
for city supply is so highly mineralized that it is important to
know whether a better water could not be had by drilling deeper. This question may be answered in the affirmative. The
records of the present city well are regrettably incomplete and
inconclusive, but the very scant data seem to show that the supply is drawn from the Silurian and higher strata. Had the
well been drilled deeper it would have found a much better water
and the supply would also have been increased. Should the
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present well be deepened or another drilled, the Maquoketa shale
may be expected within 50 or 100 feet below the bottom of this
well, and tliis dry shale may reach a thickness of 150 feet. Th~
Galena and Platteville limestones, underlying the Maquo~eta,
should yield some water, especially above the green shale at or
near the base of the Platteville, but the drill may fail to find
water by failing to strike a crevice. The Saint Peter sandstone,
the first reliable water bed, would normally be . encountered at
about 600 feet below sea level, or about 1,600 feet below the surface, but the presence of an upwarp of the strata in this vicinity, as shown by the deep well at Ames, may bring this sandstone 100 or even 200 feet higher. Below the Saint Peter abundant stores of water will be found in the Prairie du ·Chien stage
and the Jordan sandstone, and the well may be sunk with advantage to 2,300 or 2,400 feet, although a supply sufficient for present needs may be found within 2,000 feet. The well should be
cased water-tight to the Maquoketa or to th(;} Galena.
Story City.-The public supply of S tory City (population, 1,~
387) comes from a fl owing well which just reaches rock at 100
feet, the aquifer being the Aftonian gravel at the base of the
Pleistocene. This overflows at the surface at the rate of about
50 gallons a minute into a cistern from which it is pumped into
an elevated tank which furnishes a pressure of ab out 40 pounds
on the mains. The flow has slightly decreased.
The same aquifer is generally drawn upon by the deeper wells
in this vicinity. In those located on lowlands the water frequently flows and in all it rises nearly to the surface. The supply
.from these wells is very abundant and good. Where but a
moderate quantity is needed, it is obtained at depths of 25 to 30
feet.
Minor supplies.-Though shallow bored wells are common
near Gilbert (population, 235) for household purposes, drilled
wells 100 to 200 feet in depth are generally necessary for stock
. wells, and both the lower drift gravels and the country rock furnish the water. Maxwell (population, 754) has two wells 80 and
100 feet in depth; a tank with a capacity of 1,300 barrels, elevated 60 feet from the ground, receives the water from thl~
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.
pumps, and from this it is distributed by gravity to the few

:fire hydrants and taps necessary for the village. Direct pressure is available in case of fire.
WELL DATA.

The following table gives data of typical w'ells in Story county:
T1Ipica~

wens of 8torll Oountv•
."I

"...
0

.£

Location

Owner

.d

Po
Q)

~

H. O. WlckhaID.._ SW.

i sec.

85, R. 21.

10, T.

R. D. Tresseler ___ 2 miles southwest

J. WeIgle ________

of Gilbert.
miles north of
Gilbert.

~

98

SKI

Ames
Olty
Henry Byal ________ 5, miles south of
Oollins.

420

""'
'0
Q)

......
"oPo
,,~

00

...0

.,.0
1>'"

~g

..

~
",,0

Remarks:

1m (Logs given in feet)

.. Ql

~.o

Feet
(Des - 60
Moines).
90 ----_ ... _----- +4 Flow 16 l:allOO8 a minute.
150 "Rock"____ - 40 PleIstocene: Yellow clay,
(Saint
18; sand, 12; blue clay,
Louis?)
120. Des Moines: Slate,
50. SaInt Louis: FIne
clay
mIngled
with
streaks of bard rock,
_____ Sand and
186.
gravel.
-48 10 incbes diameter 10 foot
screen.
200 Saint LouIs _ -180 Soil, 2; yellow clay, 25;
blue clay, 53; sand, 2;
sandston. e
blue clay, 118; slate, 10;
sand rock, 8; slate, 2;
sand rock, 12; slate, 1;
sand rOCk, 20; slate, 1;
roCk, various cbanges,
176.
No water above

Feet Feet
865 12JJ
386

b.

'~Rock"

418.

Jos. Olinger _______

2; miles nortbeast

288

of Maxwell.
miles nortbwest 118
of
Maxwell.
J'rank Flsb _______ CoUlns
__________ _ 298

Sam Miller ________

~

G. EUlott ________ 8

B. Olson __________

Cbleago & Nortb
Western Railway
00. _____________
City
Do --__________

58

miles east
OoUlns.

of

125 Sandstone ___ -ISS "In alternating bard rock
and sand rock."
100 ____ do _____ - 6
180 Brown sand· - 90
stone.

60 ______ Aftonlan (?) - 20 Soil

and yellow clay
(Wisconsin), 12; sand
(loess?), 6; sand, coarse
(Bucbanan), 8;
clay,
yellow
(Kansan) ,
8;
clay, blue (Kansan), 28;
sand and water (Afton·
Ian?), 8.
8; miles nortb of 100 ____________________ - 60 Bored.
Oased wltb 12·
Slater.
Incb tiling. Soil and yel·
low clay, 16; blue clay,
50; yellow clay, sand
and water, bard dark
clay, 84. Good supply
of bard water.
Ames ____________ _ 104 ______ Sand and - SO Cook well strainer.
gravel.
Nevada __________ _ 25 ______ C 0 a r s e - 10 12 foot diameter; capacIty
500 barrels a day.
____ do __________ 980 100 sJ~~~~lsand -150 MineraI. Poor boiler water.
Sand water beds at 25
rock.
and 100 feet.
sand.
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WEBSTER COUNTY.

BY W. J. MILLER AljD W. H. NORTON.

TOP~GRAPHY.

Webster county is situated in the middle of the Wisconsin
drift and in most parts shows the almost perfectly flat surface
configuration so common to all the counties covered . by that
drift sheet. One very marked deviation from the generally flat
country is the deep valley cut out by Des Moines river, which
enters the north-central portion of the county and passes out at
the southeast corner. Several tributaries of the Des Moines in
the northwest have also considerably modified the :flat country.
GEOLOGY.

The drift is represented by both the Kansan and the Wisconsin sheets, each of which eoctends over practically the whole
county. The rock formations under the drift are represented
by the Mississippian, Pennsylvanian (Des Moines stage), and
Permian. The Des Moines Is tage extends over all except the
northern part of the county, which is underlain by the Mississippian. The Permian, which carries gypsum, occurs in
isolated areas on either side of Des Moines river in the vicinity
of Fort Dodge.
The drift deposits have been for the most part la~d down horizontally, . although abrupt thickening and thinnin~ of the beds
are shown. Along Des Moine,S river they appear to follow the
slopes of the river bottom. Little is known regarding the structure of the older rocks, but they are probably nearly horizontaL
(See PIs. VI, p. 310; XVI, p. 814.)
.,
As is generally the case in counties of oontral Iowa that are
covered by the Wisconsin drift, Webster county has two important drift-water horizons, one beneath the Kansan and the other
beneath the Wisconsin. Some wells have go~e through the drift
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and into the underlying' rocks, where they have obtained water
from limestone or sandstone. .
In Webster county comparatively shallow drift wells are numerous and yield good supplies of water. Rock wells are scarce.
Nearly all water is rather hard.
UNDERGROUND WATERS.
SOURCES.

So' far as the existing supply of water is concerned, the most
important aquifer in this county is the sand or gravel beneath
the Wisconsin drift, which in most places lies within 100 feet
and in some places within 35 to ' 50 feet of the surface. Except
along the stream bottoms the sand or gravel beneath the Kansan drift is reached at not less than 100 feet and in places at
not less than 200 or 230 feet. Locally the Wisconsin has been
completely removed by erosion along the main waterways and
the first important aquifer to be reached is that beneath the
Kansan instead of that beneath the Wisconsin .. This is particularly true in the vicinity of Fort Dodge. Locally water-bearing
sand beds may occur within either the Wisconsin or the Kansan
drift ..
Some wells have gone into the rock formations below the
drift" as along the river north of Fort Dodge, where the Saint
Louis limestone is reached, and farther south along the river
E.ear ;Lehigh, where the Coal Measures (Des Moines stage) have
been reached. A few deeper wells in the high-level country have
also gone through the whole drift and into the Coal Measures,
where water is obtained either from limestone or sandstone.
DISTRIBUTION.

No distinct water provinces exist in Webster county. Conditions are very similar over the entire county, except along the
principal drainage lines where some flowing wells occur, as along
Des Moines river near Fort Dodge and along the· tributaries
of the Des Moines near Lehigh and Dayton. It is thought that
the source of water in these flowing wells is at the base of the
Kansan, the Wisconsin having generally been stripped along
the streams.
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SPRINGS.

Springs are uncommon in Webster county, except along drainage lines-the Des Mo·ines and its branches. Several large
springs occur along Lizard creek near Fort Dodge. A mineral
spring is utilized at Kalo and many ' small springs may be found
along the larger streams.
CITY AND VILLAGE SUPPLIES.

Dayton.-Dayton (population, 717) pumps its water by gasoline engine from a well 688 feet deep and distributes it by
gravity with a pressure of 45 pounds. There a,r e 1 1-5 miles
of mains and 16 :fire hydrants; 400 persons use 10,000 gallons
daily. The water is hard. The well (PI. XVI) has a diameter
of 10 to 6 inches. The curb is 1,089 feet above sea level and the
head 111 feet below the curb. The water, which comes from 570
to 688 feet, is lowered 100 feet by pumping. The well was completed in 1895 by J. H. Shaw, of Sioux City.
Driller's Jog

01

wen at Dayton..

f ThICkness.!Dev th .
,

Soil and yellow clay_________________________________________________ _
OIay, blue _________________________________________________ _
Sand,
white,orand
bowlder
___________________ .-------------------------_
OIay, blue,
shale
___________________________________
Olay, yellow, or shale __________________________________________ _
Olay. blne or shale ___________________________________________ _
Ooal _________________________________________________________ _
OIay. blue. or shale ____________________________________ ________________ _
Clay, black or sbale___________________ _________________________________ _
Olay, blue or shale ____ _____________________________________________ _
Limestone. brown ______________________________________________________ _
Limestone. white __________________________________________ _
Limestone. blue __________________________________________________ _
Limestone, wblte ______ ____ ____ _________________________________________ _
~

Feet
25
50
5
25
20
83
8
24
25
110

4B
247

15
8

'Feet

25

'5

80
105
125 .
208

211
285

260
870
418
665
680

688
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Record of strata in well at Dayton (Pl. XVI, p. 814).

I ThICk·IDePth.
nesl.
Quaternary
(163 feet thIck; top, 1,089 feet above sea level): __________ _ J'eet
SoU ________________________________________
4
Olay, stilI, ligbt gray, calcareous _____________________________ _
21
Till, blue; S samples _____ ___________________________________ _
60
Sand, coarse _________________________________________ _
8
Till, blue _____________________________________________________ _
22
Till, yellow, and fine graveL ___________________________________ _
00
Till, blue; S samples ___________________________________ _
88
Oarbonlferous:
PennsylvanIanDes Shale,
MoInesdrab,
stagecalcareous;
(207 feet thick;
top, 926
feet above sea level)4 samples
________________________
_
45
Coal and coaly shale ___ "____________________________________ _
S
Shale, hard, drab ________________________________________ _
24
Sbale, dark reddish brown, nearly black_________________________ _
25
Shale, drab _________________________________________ _
40
Sbale, Mack; 4 samples from 300 to 350_-' ___________________ _
70
HIsslsslpplanSaInt LouIs limestone and Osage stage (155 feet thIck; top '119 feet above
sea level)Sandstone, light gray, fine-grained; In chips ____________________ _
20
LImestone,
brown, and cbert, drab; some cblps of black shale from_
above __________________________________________________
~

~

~

LImestone,
light 6yellow·gray;
brisk ettervescence; In part oolitIc, In_
part encrlnltal;
samples ________________________________
Klnderbook stage (163 feet penetrated; top, 664' feet above sea level)Dolomite, hard, light brown, crystalline, porous; In sand; 2 samples __
Limestone,
magnesian,
drab.
crystalline; moderately slow effervescence;_
In thIn chIps;
8 samples
__________________________________
light
gray; siliceous oolite, drab; some brown limestone; 8_
Cbert,
samples
______________________________________________________
Ohert, light gray, and brown limestone __________________________ _
Limestone.
gray, cberty; slow elIervescence; some fine Quartz land;_
fine sand ________________________________________

Feet

4
25
76

as

105
120
168

208
211
285
200

300

It10

S90

28

418

107

525

SO '

&Ii5

45

GOO

6li
16

1185
680

8

ess

F'ort Dodge.-The water supply of Fort Dodge (population,
15,543) is obtained from a deep well and is distributed by direct
pressur,e and by gravity. The domestic pressure is 100 pounds
and the fire pressure 125. There are 20112 miles of mains, 122
fire hydrants, and 1,359 taps. 'T he daily consumption in summer
is 1,600,000 gallons and in winter 900,000 to 1,200,000 gallons.
The city well at Fort Dodge (PI. XVI) has a depth of 1,827112
feet and a diameter of 15 inches to 278 feet, 13112 inches tQ' 328
feet, 12 inches to 499 feet, 10112 inches to 1,056 feet, 8% inches
to 1,390 feet, 6 inches to 1,421 feet, and 5 inches to the bottom of
the well. It is cased between 1,036112 and 1,056 feet, 1,332 and
1,390 feet, and 1,375 and 1,438%, feet. The curb is about 1,011 fe'et
above s-ea level. A flow from" gravel" at 328 feet was 144 gallons, a minute; at 1,497 feet it had increased to 316 gallons a
minute; at 1,535 feet it measured 314 gallons a minute; at 1,578
feet it had risen to 484 gallons a minute; and at the completion of
the well supplies from still lower beds raised the total amount
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to 571 gallons a minute. 'T emperature, about 55° F. The well
was completed in 1907, at a cost of $8,000, by the Miller Artesian
Well Company, of Chicago.
Si~ce 1908 two additional wells have been drilled for city
sUP:Rly. W,ell No.2 has a depth o~ 670 feet and a diameter of 20
'inches at ithe top and 13 112 inches at the bottom. It is a flowing
well ' and !discharges 150 gallons a minute. Well No: 3 is located 1,00'0 feet from the other wells. It' is 215 feet deep, 8 inches
in d~amet,b r and fl ows 600 gallons a minute. , The combined flow
,o f the thtee wells in March, 1912, was reported at more than
,1,500,000 gallons in 24 hours.'
.Record at strata in city well No.1 at Fort Dodge (PIs. VI, p, 310,: XVI, p. 814).

Thlc~·IDePth.
ness .

I

Feet _ Feet
No samples ___ ________________________________________________________________________________
98
Carboniferous 'I(MiSSiSsiPPian) (450 feet thick; top, 913 feet above sea level)
Limestone, buff; slow effervescence; in sand _______________ _____________________ _____ ____ _
98
lOS
128
~

I

t~~;~:~~~gr~~~~~~==;;~;~~~~~~=~;=~~;~i~~~~;;~:==~=============~======== ~g

Limestone, 'light yellow-gray, in finest meal, residue argillaceous and siliceous;
aJ)d shalefgreeniSb gray; minutely sandy and liniy_______________ ___________ _
, Shale; tough , greenish; 3 samples ____________________________________________!__
Limestone and shale ___________ .:.._________________________________________________
Shale, bluish _____________________________________________________________________
Shale and
___________ __________ ______________________________________
Shale; two samples _______________________________________________________________
Limestone, oolitic, wbite or light yellow. soft; rapid effervescence; \I samples
Limestone, minntely arenaceous and pyritiferous ________________________________
Limestone; rapid effervescence ___ "___________________________ _____________________
Shale ______________________________________________________________________________
Limestone; rapid effervescence; light colored; a samples__________________________
Limestone, magnesian _____________________________________________________________
Limestone, white, crystalline ____________________________________________________
Limestone, buff; slow effervescence ________ ______________________________________
Limestone, yellow, crystalline; rapid effervescence_____________________________
Limestone, buff, moderately slow efferve cence________________________________
No samples ________________ ____________ ____ ____ ____ __________ ___________________ ____
Limestone, cherty ________________ ________ ___________ _______ ______________________
JJimestone. buff, moderately slow effervescence________________________________
Limestone, buff, hard, vesicular; considerable calcite; slow effervescence________
Limestone, as above; drab, cherty ________________________________________________
Limestone; rapid effervescence; in large cbips ____________________________________
Limestone, as above; cherty _______________ ______________________________________
Limestone; slow effervescence; cherty ____________________________________________
Limestone; drab; rapid effervescence ______________________________________________
Shale; in concreted powder; light blue·gray; calcareous _____________ ________ _
Shale
and limestone;
shale, green, noncalcareous; limestone, yellow; rapid
effervescence
_______________________________________________________________
Dolomite, dark blue-gray; in fine sand________________________________________ __
Dolomite, dark drab, porous ; subcrystalline; in chips _______ __________________
Limestone,
in fine
drab quartzose
sand; slow______________________________________________
effervescence, residue pyritiferous, argillaceous , and
minutely
limeston~

Shale, greenisb gray; in concreted calcareous lJowder. ______________ ...: _____'_____
Limestone, blue-gray; slow effervescence; some yellow limestone of rapid effervescence; some chips of calcareous greenish shale _____________________________
Shale, hard, green, finely laminated; somewhat calcareous_____________________
Devonian and Silurian (310 feet thick; top, 463 feet above sea level):
yellow, soft; rapid e1l'ervescence; some shale from
Limestone,
buff and light
above ______________
_______________________________________________________________
Limestone, In fine white meal; rapid effervescence ' _______________________________
Limestone; light buff and drab; moderately slow effervescence_______________

10
30
10
10
10
20
20
10
10
10
30
10
10
10
10
10
30
10
10
10
10
10
10
10
10
10
10
10
10

138

148

178

188
198
208
228
248

258

268
278
308
818
!!9...8
S38

848

358
S38
398
868
418

428
438

448
458

468
478
468

498
508

10
10

518
528

10
10

538

10
10
10

548
558

568
578
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Record of strata in city well No. 1 at Ft. Dodge-Continued.
Thlck-\DePth_
ness.

1
Dolomite, lfght blue or light yellow-gray; in fine sand; at 598 macrocrystallfne; highly vesicular; in large chips; 5 samples ____________________________ _
I.imestone, blue-gray; rapid effervescence_________________________________ _
Dolomite,
hard, shale
compact,
yelfow and blue-gray; 2 samples;_
some greenish
at 648 subcrystalline,
feet __________________________________________
Limestone .. yellow and gray; rapid effervescence; some greenish shale_________ _
Limestone, puff, compact; slow effervescence; some shale ___________________ _
Dolomite, blue-gray, compact, subcrystalline; in large chips; some shale______ _
Dolomite, light and darker blue-gray; 2 samples; in fine sand ______________ _
Shale,
calcareous,
in light
gray loosely concreted powder; some dolomite_
as above;
light blue
_______________________________________________
Shale, highly
Dolomite; buff ____________________________________________________________ _
and_______________________________________________________________
shale; dolomite drab, rough; shale, blackish, bituminous, burns_
Dolomite
wlth tlame
Dolomite; drab, earthy ______________________________________________________ _
Dolomite;
dense -----------------------------------------------------Dolomite; light
drab; buff,
considerable
blackish shale; 2 samples ________________________ _
and buff dolomite; chips of both rusted on surface to_
Shale,
ocher blue,
yellowclayey,
_________________________________________________________________
Limestone, magnesian, or dolomite; drab, earthy __________________________ _
Dolomice; drab or buH; mostly in crystalline sand; 5 samples __________________ _
OrdoviclanMaquoketa shale (250 feet thick; top, 153 feet above sea level)--'
Shale, blue; in calcareous, concreted powder; 4 samples __________________ _
Limestone; rapid effervescence; buff and gray , soft ________________________ _
Sbale and limestone; sbale. green, pyritiferous; limestone, ligbt buff, fine
crystalline, granular; slow effervescence _________________________________ _
Shale; in highly calcareous, blue-gray concreted powder _________________ _
Limestone
or dolomite,
buff, hard; in sand, some greenish shale, probably
from above
___________________________________________________________
____ _
Limestone and sbale; limestone, IIgbt gray, rather soft, moderately slow
effervescence, fine crystalline granular; in sand; shale, in blue powder ___ _
Shale; in ligbt blue-gray, highly calcareous powder, concreted; 15 samples;
some white chert at 958 feet, much white chert at 968 and 988 feet; limestone, gray magnesian at 988 feet, cherty from 1,058 to 1,098 feet_____ _
Sbale
. bright
green; in chips; chips of white nonmagnesian limestone and_
white
chert ___________________________________________________________________
Galena dolomite (170 feet tbick; top, 97 feet below sea level)Dolomite and chert, light gray ___________________________________________ _
Shale, in gray concreted powder, calcareous ________________________________ _
Dolomite, gray; in tine sand, mingled with powder of sbale; 2 samples ____ _
Sbale 01' murl , in ligbt yellow concreted powder; highly calcareous; residue
cberty and argillaceous _______________________________________________ _
Limestone, ,gray: in sand; much cberL ___________________________________ _
Dolomite, crystalline, vesicular, yellow-gray and blue-gray; 4 samples _____ _
Dolomite, light buff; mucb white cbert ______________________________________ _
Dolomite, light buff and drab; 2 samples _____________________ _______________ _
Dolomite,
gray and buff; subcrystaljine; mucb chert; effervescence slow; 3_
samples __________________________________________________________________
~

Platteville limestone (130 feet tbick top, 267 feet below sea level)Sbale. higbly calcareous; in greenish gray, loosely concreted powder; residue
chert.y an~ minutelr are.naceous; 5 samp l~s _________________________________ _
DolomIte or magnesIan limestone; buff; like that at 1,258 feet ___________ _
Shale,
green-gray,
calcareous;
chips of argillaceous limestone at 1,338 feet;_
4 samples
' ___ __ ______
___ ____________________________________________________
Shale, bright green, hard, tlssile_____ __________________________________ _
dark
brown, fissile,
bituminous; burning with flame; with _________
limestone_
Shale,
of rapid
effervescence
___________________________________________
Shale, as at 1,378 feet, a few fragments of brown, bituminous sbale______ _
Saint Peter sandstone (50 feet thick; top, 397 feet below sea leveJ)Sandstone, light gray; largest grains 0.8 millimeter diameter _______________ _
Sandstone, white and light yellow, clean; 4 samples ______________________ _
Prairie du Ohien stage (310 feet thick; top, 447 feet below sea level)Dolomite, gr.ay, hard; some quartz sand; 3 samples ______________________ _
Sandstone, clean, white; grains rounded; 5 samples _______________________ _
Dolomite and oolitic chert and Quartz sand ________________________________ _
Dolomite and quartz sand; 5 samples _______________________________________ _
Sandstone ____________________________________________________________ _
Dolomite, gray, crystalline; arenaceous in chips ____ , _____________________ _
Sandstone and dolomite; white tine-grained sandstone; a very little admixture of dolomite; 3 samples __________________________________ ~---------- No samples __________ __________________________________________________________ _
Dolomite, gray, hard, crystalline; in fine clean sand; 2 samples __________ _

I

Feet

Feet

50
10

628

20
10
10
10
20
10
10
10

658
668

10
10
10
20

748
758
768
788

10
10
IiO

638

678
688

708
718
728
738

798
808
858

10

898
908

10
10

918
928

10

938

10

948

150

1,098

10

1,108

10
10
30

1,118
1,128
1,158

10
10
40
10
20

1,168
1,178
1,218
1,228
1,248

30

1,278

50
10

1,828
1,838

40
10

1,378
1,388

10
10

1,398
1,408

10
40

1,418
1,458

30
50
10
50
10
10

1,488
1,538
1,548
1,598
1,608
1,618

60
40
20

1,678
1,718
1,738

40
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ReCOTd of str ata in city well N o. 1 at Ft. Dodge-Concluded.

Thlck- /DePth.
ness.

I
Sandstone,
white, and dolomite; chlelly quariz sand with a few grains of_
dolomite _________________________________________
Dolomite., In small chips; with much white quartz sand. __________ _
Sandstone and dolomite; as at 1,738 feet__________________________ _
Oambrlan:
Jordan
sandstone
(59 white;
feet penetrated;
, 757 feet below sea level)Sandstone,
clean,
2 samples top
________________________
_
Dolomite and chert with sandstone; mostly sand _________________ _
Sandstone, clean, white; 2 samples ______________________________ _
and _______________________________________
sandstone; dolomite, &Tay; sandstone, white; drlllings_
Dolomite
chlelly sand.

Feet

Feet
10
10
10

1, 748
1,768
1,768

10
20

20

I, '188
1,798
1,818

9

1,827

AnaZyses of driZZings from city w/,:ZZ at Fort Dodge".
Depth of samples, in feet
caCua___ _. ______________________________________ __

MgCU3_______________ __ ___ __________________ ________ _
__________________________________ _____ _____ __
___ ______ ________ __________ ______ ____ ___________ __ .
Ca~U<-

Al.u,________________________________________________ _
~IU.

Jfe.Us___ _______________ ___________ ___ ____________ __ __ _

.l:i~U---------------- ---------- ------------- ---- ---- -.

. 66.85
39.49

49.24
40.01

2.16
.39
_25
.94

1.65
7.87
.87
.48

99.69

100.04

.n

.92

47.09
45.48
40.68
81.25_
1.00 ________
2.01
17.60
8_54
._96
.88
1.50
.61
8.21
100.21

100.00

47.05

41.~

.67
7.69
2.42

.80
.65

100.04

A flowing well at' Fort Dodge has a depth of 127 feet.
DriUer's zog of Fort Dodge flOwing wen.

r Thlckness· IDePth.
Black soil, yellow clay, and blue clay___________________ _____________ _
Limestone ______________________________________ -!. _____________ _
Shale, blue _______________________________________________ _
Limestone _______ __ _________________________ _____________________ __________________ _
Sandstone, white, and water ____________________________________________ _
Sa.n dstone, white _________________________________________________ _
Limestone (no water) __________ ; _______________________________ _

Feet

81

Feet

81

6

1!fT

27
6
2
40
15

M
70
72
112
127

Gowrie.-Gowrie (population, 829) pumps its public supply
from a well 620 feet deep, and distributes it by gravity -¢ith a
pressure of 40 pounds through one-half mpe of mains to 10 fire
hydrants and 10 taps. Sixty persons use the water, consuming
15,000 gallons daily. The water is hard. The well has a diameter of eight inches to 200 feet and six inches to bottom; casing
to ~bout 350 feet. The head is 50 feet below the curb and the
a

Made in chemical laboratory of Cornell college, Mount Vernon , Iowa.
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temperature 45° F. The well was completed in 1902, at a cost of
$1,150, by Mattock & Louke, of Jefferson, Iowa.
According to the driller's log, soil, yellow clay, blue clay, and
, shale prevail to a depth of about 155 feet, limestone from 155
to 315 feet, and water-bearing sandstone from 315 to 620 feet;
according to another. report, the well is mostly clay and shale to
the depth of 200 feet:
WELL DATA.

The following table giyes data of typical wells in Webster
county:
Typical wells

01

Webster Oounty•

0

Oharles DanJels __ 8

miles east-northeast of Lehigh.

W. H. Goodrlch ___ 4 miles east of Le-

high.

__________ ... __ Fort Dodge ______
Oounty Farm ____ 4

miles west-southwest Fort Dodge.._

4 . W. Hawley___ 2! miles east-southeast Pioneer.

Peter Nelson ______ S

miles northeast
Vincent.
miles southwestsouth Barnum.
1. )lann _________ 8 miles east-northeast Fort Dodge.
Plymouth Gypsum Ii mnes southeast
00.
J'ort Dodge.
Z. W. Thomas ___ Ii

oS

.d

"'"
A"'

"'
A

Q

"'.;:
1> "

..

2 <>

'0
"'...<> ",

.£

Location

0

.,"

"...

Owner

...

i>.

."I

I

,,-

~

",0

Remarks'
(Logs given in feet)

"OJ

~.o

0","

en

Feet Feet
Feet
235 187 Sandstone.. - 55 Black SOil, 2; yellow clay,
15; blue clay, 170; black
jack or shale, SO; sandstone, 15; very white
sandstone
and water,S.
120 112 Sand _____ + 15 Flow" from drift sand.
Black soil, 2; yellow
clay , 28; blue clay, 36;
sand, 40; blue clay, 3;
lIne sand and water
(flow) , 3; limestone, 8.
127
31 Sandstone_ + 3 Pressure, 12 pounds; water bed, 72.
366
85 Limestone - 75 Pumped by gasoline ento
gine. Black soil, Ii;
-100
yellow clay, 15; blue
clay, 65; gypsum, 10;
light colored shale, 11;
coal, 4; limestone, Ii;
shale and limestone alternations, 91; limestone,
59; potter's clay, 2;
limestone and water,
99.
227 112 Sandstone.. - 40 First water In drift sand
at 100 teet . Black soil,
yellow clay, blue clay,
100; sand and water,
12; black-jack or shale
114; sandstone and water, 1.
125 ____ Sand _____ - 50 No rock.
219 _______ do ___ - 40

Do .
8 Bored well, 12-lnch tlHng .
No rock.
M ___ do ___ - 12 Bored well to gypsum.

G8 _______ do
M

_~_

-

"
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Typical wells in Webste?' County-Continued.
-

"""...
0

Owner

.£

Location

:lc.
Ol

I=l

Minneapolis & St. Gowrie ----------Louis R. R.

625

Town of Dayton ___ Dayton -----------

688

North ------ do --------

68

Ohicago &
Western Ry.

.c
. ~Ol
I=l

...

Po

0
0).0

0'"

0"
.0"

.....

"

..

~

.-

0)

......
",,-

",,0

Remarks :
(Logs given in feet)

0l0l

oc.

Pi.o

<I.l

41 Sandstone.. - 60 Steam pump for locomo·
Black soil, S;
tive.

yellow clay, 8; blue
clay, 30; shale, 70;
harder sbale, 45; lime·
stone, 160; sandstone
and water at bottom,

809.
208 Limestone. -ill Gasoline

------ Soft muck
(?)

0

+

engine
(see p. 916.)

pump

2 Flows, used for locomo·

tive. No rock. Yellow
clay, blue clay, sand,
gravel, 60; clay or soft
sbale, 7; soft mucky
clay or shale and wa·
ter, 1.
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CHAPTER XIII.
. '

UNDERGROUND WATERS OF THE SOUTH-CENTR.AL
DISTRICT.
INTRODUCTION.

BY W. H. NORTON.

'T he south-central district embraces the twelve counties of
Adair, Appanoose, Clarke, Decatur, Lucas, Madison, Marion,
Monroe, Ringgold, Union, Warren and Wayne. The entire
area is underlain by the Pennsylvanian s'eries, the Des Moines
stage forming the country rock over the eastern counties and the
Missouri stage that over the larger part of the six western
counties.
Deep wells have been drilled at six points-Centerville (PI.
XVI), Pella (Pl. VIII), Flagler, No. 10 Junction, Corydon and
Osceola. Of the first five wells sets of drillings, or the drillers'
logs, have been preserved; but four of these wells are situated
along the eastern border of the area, and of the Osceola well
nothing is known except the depth. Both geologic structure and
artesian conditions are thus ]eft largely to inference. The
deeper strata of southern Iowa form a trough whose axis extends from Des Moines to the southwestern counties of the
state. . In south-central Iowa the water-bearing beds of the
early Paleozoic terranes qipping toward this axis reach their
maximum depth in the southwestern counties of the district.
The surface, moreover, rises toward the west. For these reasons the Saint Peter sandstone lies more than 2,0.00 feet beneath
the surface, except along the eastern border . . (See PI. . XVI,
p.814.)
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The sandstone at the base of the Pennsylvanian series is not
persistent in the ,e astern part of the district, but the meager
facts at hand indicate that it thickens to the west. It yields water
at Glenwood and at Bedford, in the southwest district of the
state.
In the eastern counties, where the cover of the P.ennsylvanian
is thin and is cut by the major river valleys, th~ base of the
Pennsylvanian is found to vary widely in elevation. 'T his is
due not only to local upwarps and downwarps of the strata but
also to the strong unconformity that parts the Mississippian series from the Pennsylvanian. The map (fig. 7, p.ll01) exhibits the
conjectural elevation above sea level of the base of the Pennsylvanian in south-central and southwestern Iowa. The data
on which the map is constructed consist of a few drill holes,
sunk in search of coal, and deep wells at several points in Iowa
and northern Missouri. From Polk county southwest to Bedford the Mississippian descends about 650 f'e et; from Polk county
due south to Chillicothe, Missouri, it falls in the aggregate but
250 feet. From Centerville west to Bedford it falls 733 feet; from
Bedford we,st-northwest to Glenwood it rises 140 feet (PI XVIII,
p.llOO) and west to Nebraska City it rises 150 feet. From the map
it will be seen that the Mississippian floor forms a shallow trough
extending from near Des Moines to the southwest corner of
the state. The line of the maximum depth may not coincide with
the Des Moines to Bedford axis, although it is necessarily so
drawn, as these two points are those of maximum known depth.
The sag may also be narrower than r,epresented and be bounded
, on each side by more level surfaces. In the eastern counties the
contours bend somewhat sharply southward, and as shown by
the depth to the Mississippian at Chillicothe, Missouri, they
must bend to the southwest before reaching that town. 'TO' the
west the contours also extend southward, as shown,by the gentle
dip of the floor from Lincoln, Nebraska, to Glenwood, a dip averaging some three feet to the mile. In using the map (fig. 7, p.
1101) it should be remembered that the known points are far
apart and between them may intervene minor sags and swells
entirely unknown. Erosion valleys cut into the Mississippian
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before the Pennsylvanian was deposited may lower the floor in
places 100 or 200 feet below the estimate.
In southeastern Iowa the Mississippian Iseries; especially the
white limestone of the Burlington and the sandstones in the
Saint Louis limestone, are aquifers of local value, but although
these beds continue under this area they yield small and uncertain supplies. A sandstone of Silurian age is known to occur at
Pella and at Centerville and sandstones apparently too high for '
the Saint Peter and probably to be placed in the Silurian are
reported at Ottumwa, Bloomfield, and No. 10 Junction in Monroe county. How far west these sandstones may extend is altogether problematic; -but the Silurian continues to be a water
bearer by means of its limestones beyond the western limits of
the district. The heavy magnesian limestones assigned, because
of their anhydrite beds, to the 'Salina (Y) formation of the Silurian yield water at both Bedford and Glenwood, and will probably also yield water in this area at depths nowhere exceeding
1,000 to 1,100 feet below sea level. The water at Bedford, however, is so highly mineralized that it is worthless.
Soon after well No. 3 at Centerville was drilled in 1904 its
water contained 1,228 parts of solids, but the solids regularly increased to 2,545 parts in 1908, probably due to the deterioration
of the casing and the entrance of the upper harder waters. Well
No.2 reaches only into the Silurian and, according to the analysis by Dr. J. B. Weems, contains a very much larger amount
of mineral matter than the other Centerville well.
The Maquoketa shale may not extend far into the south-central district, and probably to the south and west the Silurian and
Galena merge in an unbroken series of magnesic limestones.
These limestones should be water bearing, but at what particular levels can not be predicted, nor is it certain that any given
well will find a water-b.earing crevice. Moreover, the quality of
the water is unknown, but very probably, in the western part of
the area at least, it is too highly mineralized for an acceptable
city supply:
In the eastern counties the Saint Peter and the water beds
subjacent are to be reckoned as dependable artesian assets, and
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here artesian wells can be recommended, though the water is as
a rule highly mineralized. The failure of the deep city well at
Pella CPI. XIII, p. 626) to secure potable water has had a discouraging effect in its own and adjacent counties-an effect not
wholly counteracted by the successful wells at Bloomfield and
Centerville (PI. XVI, p. 814). The Pella well was sunk only
about 60 feet below the Saint Peter. The mineralized waters
of the higher forma tions were first cased out, but as the supply
from the Saint Peter proved insufficient, the casing was pulled
and all waters allowed t o mingle. No analysis was made of
the Saint Peter water while it alone was admitted to the well.
Had the casing been retained and the well drilled a few hundred
feet deeper, an abundant supply of good water would probably
have been obtained, as at Ottumwa (PI. X, p. 448).
Except in the eastern tier of counties the depth to the Saint
Peter and the water beds below it is so great that the sinking
of deep wells to these deeper formations is not recommended.
Nowhere south and west of De,s Moines have these deep terranes
been reached by the drilP At Chillicothe, Missouri, almost due
south of 'Des Moines and a little more than 50 miles beyond the
state line, a deep well found at 250 feet below sea level a sandstone referred by Shepard to the Saint Peter,~ the overlying
Ordovician and the Silurian being supposedly absent. If thiB
reference is correct-and it is corroborated by the rise of the
sandstone southward from Chillicothe to outcrops near Missouri
river-there may be a gentle rise of the Saint Peter from Polk
and Warren counties due south as well as southeast. As th~
Chillicothe section is made up from a driller's log, it is possible
that the sandstone in question is the Silurian sandstone found at
Centerville and elsewhere in southeastern Iowa. In this case
, there is still a rise of the strata southward from Des Moines, but
one much more gentle. To the west the first accurate data obtainable as to the Saint Peter are from the deep well at Lincoln, Nebraska, where the Saint Peter was reached at 127 feet
below sea level. The wells at Council Bluffs, Glenwood and
'A deep boring at Nebraska City, Nebraska, reached the i:laint Peter sandstone in 1912 at a depth of 2,783 feet, 1,853 feet below sea level.
'Underground waters of Missouri: Water-i:lupply p 'a per U. i:l. Geol. i:lurvey
No. 195, 1907, p. 67.
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Bedford, as well as thos,e of Forest City and Burlington Junction, Missouri, all fail of reaching this terrane. The drill hole at
Nebraska City, Nebraska, reached the summit of the Decorah
shale at 1,824 feet below sea level and the Saint Peter was
reached at a depth of 1,853 feet below that JeveL These facts
point to a wide trough in the older Paleozoic rocks, whose axis
extends southwest from Des Moines to the southwestern counties of the state. The descent of the axis is, probably very gentle 1
being much less than the southwestern dip of the strata of northeastern Iowa, unless the strata below the Pennsylvanian thicken
toward the southwest. From the axis the rise of the strata to
the east is exceedingly gentle; to the west and north it seems
considerably steeper_ The hypothetical elevation of the Saint
Peter is seen in the map (PI. Ill), which is based on several
assumptions-that the Saint Peter descends from Des Moines
to the southwest as other terranes are known to do as far as
Forest City, Missouri; that it descends from Glenwood eastward, as other terranes are found to do as far as Bedford (PL
XVIII, p: 1100); that the upwarp of the strata seen at Chillicothe, Missouri, deflects the contours somewhat to the southwest
in the southern counties of the district; that along the axis of the
trough the strata between the base of the Mississippian and the
Saint Peter maintain and somewhat increase the thickness which
they show at Des Moines.
The table below shows the elevation above sea level of the
chief towns of the district, and the estimated depths to the base
of the Pennsylvanian and that to the top of the Saint Peter.
These estimates are not so accurate as those made for the eastern and northern parts of Iowa, but even if they are as much
as 300 feet in error, they will serve to indicate in a general way
the depth to which wells must be sunk to reach these horizons.
Another unfavorable condition IS the high altitude of towns
along the divide between the Missouri and the Mississippi, on
account of which the water will stand low in the wells.
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Arte\Sian estimates for towns in the south-cen!traZ clistrict of Iowa.
============================~==~========

Hypothetical
d epth-_

'rown

Oharlton
___________________________________________________________ _
AlbIa -------------------.---------------------------------Creston
------------------------------------------------------_
Oorydon _________________________________________________________
Greenlleld ____________________________________________________________ _
IndIanola _______________________________________________________ _
Knoxville _____ , _______________________________________________________ _
Leon _______________________________________________________________ _
Osceola ____________________________________________________________ _

Feet
.Feet _
959 - ________
1,042
676
1,105
750
1,312
1,225
1,368
1,150
976 ________
450_
909
1,019
820
1,137
876

Feet

1,700
2,100
2,060
2,900
2,650

2,175
1,850
2,826
2,650

ADAIR COUNTY.
BY HOWARD E. SIMPSON.

TOPOGRAPHY.

Adair county is in the southwestern part of the state. Its
surface is a high, slightly rolling drift plain, across which rUns
the "Great Divide." The crest of the divide passes southeastward through Adair and on across the county. North of Greenfield it branches' and the secondary extends through Greenfield
to Creston in Union county and southward beyond the state line.
West of this branch the drainage ]s southward to the Missouri
through tributaries of the Nodaway. The drainage of the small
triangle between the two branches passes southeastward to
tirand river, another trib~tary of the Missouri. The northeast
one-third of the county is drained into the Mississippi through
Middle and North rivers, tributaries of the Des Moines. The
county contains no ponds or undrained areas.
GEOLOGY.

Loess mantles the uplands of the entire county, in the eastern part with the fine, light, clayey type typical ·of southern Iowa,
and in the western part with the darker, less clayey kind, char-
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acteristic of the Missouri valley_ 'The Kansan drift thickly covers the area, and well sections in many parts of the county indicate that heavy beds of Nebraskan drift are general. The drift ·
is very thick, especially in the western half of the county.
The Dakota sandstone. underlies the drift -in the western third
of the county, and is in turn underlain by Carboniferous rocks
(Missouri stage). The Missouri stage, which lies beneath the
drift in the eastern two-thirds of the county, comprises heavy
limestones, interbedded with thin, light shales.
UNDERGROUND wATER.
SOURCE AND DISTRIBUTION.-

Few wells in the county fail to .obtain water from the drift.
In many places sandy beds are found beneath the loess, beneath the Kansan, and beneath the lowest drift sheet, and as a
rule all of these are water bearing. Many shallow wells rely
entirely on seepage from the loess, but such wells are likely to
fail in dry seasons. On the uplands the entire drift yields so
scantily that many stock farms resort to ponded storm water.
All wells passing through the drift into the soft, porous Dakota sandstone find, at depths ranging from 150 to 300 feet, an
abundant supply of good water that rises within 100 to 230 feet
of the surface. Neither dry' holes 'nor 'undesirable water have
been reported. In the area underlain by the limestones' of the
Missouri stage the drift is a little thinner. 'T he wells in that
part of the county range in depths from 100 to 250 feet, and
the water is invariably hard. No deep wells have been bored in
this county.
The southeastern portion ,of the county is the most favored
in the matter of ground water. Bored wells, ranging from 20
to 50 feet, are common, and a few are much deeper. Drilled
wells obtain excellent water from the Dakota sandstone at depths
ranging from 200 to 300 feet.
SPRINGS.

The sandy layers of the drift supply water to seepage springs,
but few such springs yield sufficient water for a stock farm. A
few stronger springs, whose waters may come from the Dakota
1)9
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sandstone on the adjacent divide" are reported in the southwestern part of the county along the valley sides of the East
Nodaway and its tributaries.
CITY AND VILLAGE SUPPLIES.

Adair.-Adair (population, 90G) is , situated on the crest of
the Mississippi-Missouri divide, a region where the drift is so
thick that it is difficult to obtain a satisfactory supply of water.
An unsuccessful well was sunk by the city to a depth Df several hundred feet, but unfortunately no complete , record exists.
Most of the residents are supplied with water by wellS' dug or
bored into the loes$ or by cisterns. Five cisterns, with a capacity
of 200 to 350 barrels each, a gasoline fire engine, and 900 feet
of hose furnish the fire protection for the city.
Greenfield.-In Greenfield (population, 1,379) drift wells 30
to 60 feet in depth afford the general supply. A public supply
used for drinking and for fire protection is obtained from 30
dug wells eight feet in diameter. A city well drilled some years
ago into limestone of the Missouri stage to obtain boiler water
for the electric light plant was abandoned because the water contained so much SUlphate of lime and magnesia that it was unfit
for the purpose. The well was 221 feet deep and was sunk 13
feet into the limestone. The water rose within 75 feet of the
surface. The strength of this well suggests a supply from the
lower drift rather than from the limestone. Since abandoning
this well the lighting plant has used storm water collected in an
artificial surface reservoir.
A well on the farm of W. W. Whlttams, one and one-half
miles west of Greenfield, was abandoned at a depth of 274 feet,
the last 34 feet of which was in limestone of the Missouri stage;
the well was quickly pumped dry.
I

UNDERGROUND WATERS OF THE SOUTH-CENTRAL DISTRICT

931

WELL DATA.

The following table gives data of typical wells
county:
Typical

Adair

wens in ,tdair Oounty.

""'"...
0

Owner

In

E

Loc.ation

:S

.0

A

A

'"'"

Po

'"

.:.0

w '

...0
"'.0
1>
...
00

'0

.0'"

'0_
"
'"'"»

~§
",,,,

0'"
r:n

Remarks

"",

~.o

T. 74 N., R. 33 W.

Feet
Feet Feet
(Washington) .
J. A. Hulbert______ 4) miles sontheast of 286 276 Sandstone
100 Strong; slightly min·
eral.
Bridgewater •
(Dakota).

T. 76 N., R. 32 W.

(Prussia).
John Montgomery_ Ii miles southwest of
Oanby.
T. 77 N., R . 33 w.
(Su=it).
William Turner ___ l~ miles west of Adalr_

____ do ____

127 Hard;

roily

187

180

345

S07 Fine sandstone.

274

240 Limestone _ 137 Scanty supply; aban·
doned.
(MissourI) •
300 Sandstone _ 146 Slightly mineral.
(Dakota).
____
do ____

storms.

hefore

230

T. 75 N., R. 32 W.

(Su=erset) .
W. W. Whittams_liI miles west of Greenfield.
Henry Hlda _______ 3 miles south of Fontanelle.
John Mangle ______ 2 miles west of Fontanelle.
H. W. Adams _____ NW. 1 sec. 21________

816
815

125

299

75 Hard

water;

254

240 Limestone _
(Missouri) .

of

282

260 Sandstone _ ------ Strong well.

Truman Lewis ---- 5 miles north of Brldgewater.
Henry Rose ________ 2 miles north of Brldgewater.
Al. Bowers -------- 3 miles north of Brldgewater.
1'. 75 N., R . 31 W.
(Greenlleld) •
______
Electric Ifght plant City of

S17

300

286
270

270 Limestone _ 176 Fine, hard.
260 Sandstone _ 160

221

208 'Drift and

148

136 Sandstone _
(Dakota).

well.

stro~

T. 76 N., R. saW.

(Eureka).
Frank H. Seers ____ 6 miles northwest
Fontanelle.

(Dakota)_

1' . 75 N., R. 33 W .

(Jackson).

Gree~erd

____ do _. __

limestone__
(MissourI) .

120 Strong well.

75 Strong well.

T. 77 N., R. 30 W.

(Lincoln).
G. D. Wblttams ____ Sec. 19 _________________
W. H . Barnett. ____ SE. i sec. 23___________

lOS Soft water; strong
well; 20 gatlons per
minute.
78 ______ Drift sand __ ------ Plenty; gOOd.

T. 76 N., R. 30 W .

(Harrison) .

William Wallace ___ SE. 1 sec. 28___________

135

David Johnson ____ NE. 1 sec. 19__________

82

56 Limestone.. _____ No water.
(MissourI) .
36 ---- do ---_
78 Good hard water.

T. 76 N., R. 31 W.

(Grove).
Harriet Guthlel ____ NE. 1 sec. 14___________

Nate Brinton ______ SE. 1 sec. 12___________

134 . 122 ____ do _________ Abundant from black
shale; bad taste.
200 _____ Gravel ____ . _____ Insufficient;
aban.
doned.
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APPANOOSE COUNTY.

BY O. E. MEINZER

A~D

W. H. NORTON.

TOPOGRAPHY.

The surface of Appanoose county consists essentially of a
much-eroded drift plain sloping very gently toward the east.
Chariton river, the principal stream, enters at the northwest
corner and flows southeastward diagonally across the county in a
flat-bottomed valley approximately 150 feet deep and several
miles in maximum width. From the west it receives a number of
relatively long tributaries, all of which, with their branches, have
cut into the upland plain, but from the east it is fed by very
short streams, the divide separating its drainage system from
that of Soap creek and Fox river being only a few miles east
of the Chariton. Apparently the minor streams tend to flow in
the direction of the general upland slope~
GEOLOGY.

The following formations are' exposed within the county: (1)
Alluvium, which is confined to the principal valleys; (2) loess,
which is only a few feet thick, but which lies at the surface over
much of the region; (3) glacial drift, which.is generally found
at the surface or immediately below the loess; and (4) Carboniferous rocks belonging to the Des Moines stage of the Pennsylvanian series, which crop out at many points along the principa~ streams.
In a large part of the county the drift sheet is thin, but in
places, especially near the east margin, it is more than 100 feet
thick. 'T he irregularities of the rock surface produce many corresponding local irregularities in the thickness of the overlying
drift. The glacial material is reported to contain a large amount
of wood, leaves, and shells. The Pennsylvanian is several hunared feet thick and co~sists ,of shale with minor amounts of
limestone, sandstone and coal. Below it lie the rocks of the
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Mississippian series, which consist chiefly of limestone.
PIs. X, p. 448; XVI, p. 814.)
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UNDERGROUND WATER
SOURCES.

The rocks of the Pennsylvanian series furnish water to a
few wells, but in general they are unsatisfactory as a source of
water. 'T hey consist chiefly of impervious shale with porous
beds few and far apart, and therefore yield meagerly; also their
water is undesirable for many purposes because of its high mineralization. Below the Pennsylvanian are formations that yield
more freely, but the cost of drilling to these is so great tbat it
can be undertaken only by municipalities or by railway companies or other large industrial concerns, and as far as explorar
tion has gone the water is so high in different dissolved solids
that it is ill adapted for use in boilers and is not desirable for
public supplies. Moreover, its head is so low that in many places
it would have to be lifted several hundred feet to bring it to the
upland surface.
In some of the largest valleys the alluvial materials yield
abundant and reliable supplies of only moderately hard water to
shallow and inexpensive dug or driven wells, but many of the
settlements and a vast majority of the farms are remote from
valleys and their principal underground source of supply consists ·of irregularly distributed sandy and gravelly deposits associated with the bowlder clay. Whether these yield a sufficient
amount is very much a matter of hit and miss. In some localities gravel beds occur that will furnish enough. for waterworks
and locomotive supplies; in others it proves difficult to extract
enough water from the drift to meet the consumption on an ordinary stock farm, and in years of severe drought the lack of
water for household and stock purposes may become an acute
problem. The shallow water is rich in calcium and the bicarbonate radicle, but is usually superior to the water from the
Pennsylvanian or deeper formations for both domestic and
boiler use.
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Because of the unsatisfactory status of underground sources,
Appanoose county has come to depend to a great extent on surface wat.er for household, stock and boiler supplies. For the
household rain water is stored in cisterns; for stock, the wash
from rains is collected by constructing dams across ravines; and
f.or boiler feed, different plans are employed, as, for example,
. the reservoir of the Chicago, Milwaukee & St. Paul Railway
Company at Mystic, into which surface and spring waters are
gathered. In resorting t.o surface supplies, quality is the chief
consideration for the household, soft water being desired; quantity is the chief consideration for live stock supplies; and botli
quality and quantity are factors in railway and other industrial
enterprises.
In the many villages of Appanoose county the water for drinking is drawn mainly from shallow private wells in cloAe proximity to a variety of contaminating agencies. The situation is
especially bad in valley towns, where shallow wells on the bottom lands at the foot of populated slopes are peculiarly exposed
to pollution. It is not easy, however, to :find feasible means of
improving the conditions. Something would be gained if each
householder would protect his own well, but a really adequate
remedy requires a system of waterworks drawing fr,om a source
safe from pollution. In spite of difficulties it is probable that
syf?tematic search will discover a sufficient sanitary and otherwise satisfactory source of public supplies f,Qr most of the
villages.
CITY AND VILLAGE SUPPLIES.

Centerville.-Information concerning· the three deeps wells
that have been sunk in Centerville (population, 6,936) is presented in the following paragraphs (PI. XVI, p. 814):
City well No.1 is 2,495 feet deep. Its diameter is 12 inches
to 55 feet, 10 inches to 95 feet, 9 inches to 155 feet, 8 inches to
335 feet, 7 inches to 492 feet, 6 inches to 616 feet, 5 inches to
2,335 feet, and 4 inches to bottom of well. It is cased to 804
feet. Its curb is 1,017 feet above sea level, and its he'a d 260 feet
below the curb. It obtains water at 1,200 and 2,450 feet. Tested
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capacity .a t completi,on, 200 gallons a minute. It was completed
earlier than 1893 by J. P. Miller & Company, Chicago.
The strata penetrated are indicated in the following table:
Record of strata in deep

Wf!lZ

No.1 at Centerville.
ThiCk-I Depth
neS8

I
Quaternary (top, 1,017 feet above sea leve!)_________________________________________
Oarbonlferous:
Pennsylvanian
(486 feet thick; top 927 feet above sea revel)Shales _______________________________________________________________________
Ooal and coaly shale___________________________________________________________
Shale, with a few thin seams of limestone, none more than 5 feet thick;
se.mole of calcareous shale at ,500___________________________________________
Ml88lssipplan,
Saint Louis limestone and Osage stage (515 feet thick; top, 491 feet above
8ea level)"Rock;" probably limestone _____________________________________
Shales, variegated, arenaceous toward bottom_____________________
Limestone, rough, gray, siliceous; 2 samples_________________________
Shales. seleniferous, with some limestone and chalcedony; 7 samples__
Limestone,
nonmagneslan,
bhle·gray,
highly cherty; shale, arenaceous;
______________________________________
In concreted
powder; 4 samples
Shales, cherty; limestone; 4 samples ____________________________________
Limestone,
rapid effervescence; much white flint ' and chalcedony;
3 samples white;
________________________________________________________________
Limestone and s'bale; IJmestone, brisk effervescence, soft. white, dark
brown, blue-gray, in places' clayey, siliceous, and pyritlferous; shales
inconcreted
pPaces arenaceous;
shale marked at 855, 895 and 916; 18 samples, in
powder ______________________________________________________
KInderhook stage (69 feet thick; top, 24 feet below sea level)Shale, blue ana green-gray; 6 samples______________________________________
Devonian (260 feet thick, top 83 feet below sea level):
Shale, with white and gray nonmagneslan, soft limestone; 6 samples__________
Limestone,
gray, rather
soft; rapid effervescence____________________________
Shale,
arenaceous
__________________________________________________________________
Limestone, gray, rapid effervescence, Siliceous; water bearing_________________
Shale; arenaceous at 1,210 feet__________________________________________________
Limestone, argillaceous __________________________________________________
Limestone, light gray, argillaceous; brisk effervescence _________________________
Limestone, compact, fine-grained, light blue-gray_____________________________
Shale, calcareous; or limestone, argillaceous, light yellow_______________________
Limestone, bard, somewhat argillaceous, light yellow__________________________
Limestone,
(some______________________________________________________
gray), compact, moderately hard, nonmagneslan;
much shalewhite
In flakes
Limestone and shale, In gray concreted Jjowder; llmestone, yellow and gray,
crYstalline, soft, in fine meal; nonmagnesian; cherty residue; at 1,350 residue
of fine rounded quartz grains; 6 samples_____________________________________
Silurian (160 feet thick, top, 343 feet below sea leve]):
Limestone, buff, magnesian, argillaceous at 1,300 feet; 2 samples _____________ ,
Shale, blue, and limestone; In concreted powder________________________________
Limestone, soft, blue, nonmagnesian, with some white chert and much shale_
Limestone, blue-gray, hard, compact, fine-grained, nonmagnesian______________
Limestone and shale, blue, calcareous, in IJght gray powder and meaL_________
Sandstone; grains fine and only fairly well rounded; many pointed with secondary enlargements;
in fine powder containing also particles of light colored
____________________________________________________________________
limestone
Sandstone, light gray, calciferous; as above __________________________________
Sandstone, buff, calciferous________________________________________________
Sandstone, white, fine; gra:1:6 fairly unifor!p in size and well rounded, mostly
smooth, but
many show
crystalline secondary
enlargements, giving the sand a
sparkling
appearance
_____________
_________________________________________
Sandstone, calciferous, with some fragments of blue shale in drilIings________
Limestone, In gray meal; moderate effervescence; highly siliceous with rounded
Quartz grains and chips of chert; 4 samples___________________________________
OrdOVician:
Galena dolomite and Platteville limestone, 200 feet thick; top, 523 feet below
sea levelDolomite
or magnesian
buff and gray; many drlllings have
Cherty and
arenaceous Hmestone,
residues ____________________________
~___________

!'eet

90
67

Feet
90

157

1

158

368

526

84
60
30
65
55
55
40

1~

560
610

MO

705
76(1

815
855

1,041

69

1,100

60
8
21

1,160
1,168
1,139
1,200

11
20
10
10
20
10
10

20

1,220
1,230

1,240
1,260

1.270

1,280

1,300

eo

1,360

20

1.380

10

10
10

20
10
10
10

1,390
1.400
1,410
1,430
1,44Q

1,400
1,(60

10
10

1,470
1,480

60

1,540

160

I, 'roo
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Record oj strata in deep well No.1 at Centert.'ille-Continued.

I

'rhiCk-\ Depth
ness

Limestone.
and light gray; moderate-'-________________________
effervescence; much &leen shale
In drUllngsdark
________________________
20
Limestone, buff; moderate effervescence _____________________ ._____
10
Shale, blue, soft, unctuous, noncalcareous__________________________
10
Saint Peter sandstone, 40 feet thick; top 723 feet below sea levelSandstone; white, clean; rounded grains, moderatel'y fine; 4 samples____
40
Prairie du Ohlen stage (715 feet penetrated; top, 763 feet below sea level)Shakopee dolomiteDolomite, buff and gray; arenaceous at 1,820 feet; 6 samples_______
110
New Richmond .sandstoneSandstone and dolomite, light gray and white; drllllngs consist of
rounded grains of Quartz and angular chips of dolomite; 8 samples_ _ 105
Sandstone, light yellow-gray, In fine angular grains; a little white dolo·
85
and ______________________________________________
green shale in drllllngs__________________________________
Nomite
samples
65
Oneota dolomiteDolomite, light gray and white, highly cherty from 2,140 to 2,185 feet;
135
arenaceous at 2,125 and 2,240 feet; ~ samples______________
Nosomewhat
samples ____________________________________________________
g2
Sandstone, calciferous, or dolomite; arenaceous; graIns rounded,
smooth, of moderate sIze; chips of hard gray dolomlte___________ _______
No samples -----------------------______________________
. 88
Dolomite, gray; buff at 2,455 feet; somewhat arenaceous from 2,440 to
2,465 feet -------------------------_____________________
75

1,720
1,780
1,740
1,780
1,890

1,995
2,060
2;125
2,2tlO
1,~52

2,852
2,420
2,4!l5

This well was drilled in the public square of the town long before waterworks we'r e installed, and was never pumped except
at the driller's test. When waterworks were built it was thought
best to drill another well in a convenient location rather than
to erect the pumping station in the public square.
City well No. 2 is 1,540 feet deep. Its diameter is 10-inch to
368 feet, 85jg-inch to 480 feet, 714-inch to 630 feet, 614-inch to
826 feet, 5-inch to 1,160 feet. Uncased from 1,160 feet to bottom
of well. The curb is 1,017 feet above sea level; and the head 280
feet below the curb. Water is obtained from 1,439 feet to bottom; tested capacity, 350 gallons a minute. The well was drilled.
in 1895 by J: P. Miller & Company, of Chicago.
The driller reported a sand rock extending from 1,470 to 1,510
feet ·and yielding water that rose within 60 feet of the surface,;
beneath the sand rock the drill pa'ssed into a fissured rock, and
the water sank to 280 feet below the curb, and the drillings were
washed away.
City well No.3 is 2,054 feet deep. Its diameter is 16-inch to
73.25 feet; 12-inch to 180 feet, 10-inch to 500 feet, 8-inch to 733.25
feet, 6-inch to 118.15 feet, 4%-inch (uncased) to bottom. The
curb is 1,Q17 feet above sea lev.el, and the head 286 feet below
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curb. The tested capacity is 200 gallons a minute. 'T he well was
drilled by L. Wilson & Company of Chicago, and was completed
in: 1904, at a cost of $10,000.
The casing of this well is admirably designed to keep out the
upper waters. The 10-inch pipe extends to the curb, and it and
all other piping of smaller diameters are sealed at bottom with
lead.
Drmer-'s Jog 01 wen No. S at Center'ViUe.

~'hiCk1 Depth
n ess

I

Feet
Olay , yellow ___ :______ _________________ _____________ ________ _______________ ___ ___ Feet
50
50
Olay, blue ___________________________________________________________
10
M
Gravel _____________________________________________
10
70
Oap rock _____________________________________________________ ________
,
7'
Soapstone and shale __________________________________________
51
125
Shale of different colors _______________________________________________
25
150
Shale streaked with rock ___________________ ________ ---_______________
9
159
No record ______________________________________________________
8
185
Ooal blossom ____________________________________ __________________________
5
170
Shale, at ________________________________________________________________ ________
185
Soapstone. at ___
________
200
No record ______________________________________________________
60
260
Soapstone with some sand __________________________________________________
20
280
No record __________________________________________________________________
13
293
Soapstone and sbale _________________________________________________________
"
MO
No record _____ ____ _____________ ___ ___ _________ __ _________ ___ ___________ ___________ ______
21
S6l
Shale, white
at 8lI1, _______________________________________________________________
880, '25, '50, 476, 500 and_______________________________________ ________
685
Sand,
15
MO
Shale ____________________________________________________________________________
so
830
Rock and shale, shale caving badly ______________________________________ _________
20
850
Sbale, blue, hard _________________________________________________________________
SO
Limestone and
at_______________________________________________
_______
790
Limestone,
at __shale,
_____________________________________________________
__ _________________ ________
830
Limestone and shale, at 860, 900, 925, 950, 980, 1,015 and___________________________ ________
1,127
SoUd Umestone;
traces of natural gas In black rock 'at 1,190 feet_________ __________
213
I,SW
Shale,
blue _________________________________________________
100
Limestone _________________________________________________________
10
1 , 450
Sandstone ____________________________________________________________________
46
1,496
Limestone _____________________________________________________________
256
1.752
Sandstone _____________________________________________________________ _
W
1,792
Limestone -------------------________________________________________ _____
108
1,900
Streaks of sand and Umestone _____________________________________________
50
1,950
-----------------_______________________ -'-______________________
100
2,050
~

~

~_______________________________________________________

'45

1,~

~and

The water is lifted from the well into a surface reserv,oir and
thence pumped into a standpipe from which it is distributed, by
gravity pressure, through 8~4 miles of mains to 74 fire hydrants
and 352 service pipes. It is estimated that about one-fifth of
the homes are connected with the waterworks and that an average ,of 63,000 gallons of water is consumed daily.
The chief deterrent to the extensive use of well No. 3 is its
heavy mineralization. The water, as shown by analysis (p:-i01),
is so hard that it is undesirable for toilet, laundry, or boiler
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uses; its iron content discolors vessels in which it is used, and
it is so salty that it is somewhat unpalatable. If, as seems not
improbable, enough water can in years of normal rainfall be
obtained from a system of wells or infiltration galleries in the
drift gravels known to exist in the vicinity of the city, this
source would be preferable to a deep well, as the water is better and would probably be much more extensively used by the
people. The 'pumping lift would also be much less. The deep
well could be held in reserve to furnish a supplemental supply
when needed. A third possible source of water for Centerville
is filtered water from Chariton river.
Th~ Chioago, Rock Island & 'Pacific Railway well is situated
on an upland, which is trenched, at no great distance from the
well, by deep ravines that lead to tributaries of Charitonriver a few miles away at a level 150 feet lower. The well was
dug to a depth of about 37 feet "a nd ends in a bed of sand from
which about 3,500 gallons of. water an hour are recovered.
M oulton.-The Electric Light Company well at Moulton (population, 1,233) has a depth of 538 feet and a diameter of 6 to 31;2
inches. It is cased to 498 feet. The curb is 987 feet above sea
level, and the head 230 feet below the curb. It yields 16 gallons
of highly mineralized water a minute fr,oID 40 feet of hard
white sandstone at 530 fe€t depth. It was completed in 1905
by F. D. Tuttle, of Cedar Rapids.
Driller's Zag of weZZ

at Moulton.

I

Thick· Depth

I ness
Olay ____________________________________________________________________________

Feet
lOO

~~n~ec~~' _~..:======::=::===::==:=::==::::::::::::::::::=::::~:::::::::: ----300t~:;:sto~rk:~~~..::=::::::===::==::::::::=::=::::::::::::::::~=..:=_-.:~~~::~:::
~
Sand,
white, tine _______________________ __________________________________ ___ ____
43
Limestone __________________________________________________________________

2

Feet

lOO
lOO
400
463

487
530
582
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CLARKE COUNTY.

BY HOWARD E. SIMPSON.

TOPOGRAPHY AND GEOLOGY.

Clarke county is in the southern portion of the state, on the
divide between Mississippi and Missouri rivers. The crest of
the divide has here an easterly trend and pitch, so that though
the drainage of the northern slope is toward Des Moines river
and that of the southern slope toward the Missouri, the drainage of the main eastern lope is divided between the two. 'T he
area is primarily a drift plain into which the stream valleys
have been carved, and all parts of it are well drained by open
valleys separated by broad flat-topped uplands.
The entire surface is mantled with loess and Kansan drift
which, in many places, is 100 to 150 feet thick.
Thr,oughout the county the drift rests on Carboniferous rocks,
for the most part belonging to the Missouri stage and consisting of limestone, shales, and some thin coal seams. The Missouri stage thins eastward and is absent in the valleys of some
of the larger creeks on the eastern and northern borders of the
county, thus bringing the rocks of the Des Moines stage directly beneath the drift. The De Moines stage consists chiefly
of shales and sandstones with some limeston e and beds of coal
and is the productive 00al formation in the state. Though wellmarked local dips occur, the strata al'e in general practically
horizontal.
UNDERGROUND WATER.
SOURCES.

The water supply of Clarke county is obtained chiefly from
shallow wells in the drift, which a-re in general satisfactory
for domestic and stock use but are inadequate f,or public supplies.
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Two important water horizons 'occur in the drift, one in the
sand immediately underlying the loess, locally known as first
sheet-water, and the oth~r in the sand and gravel beneath the
Kansan, locally known as second sheet-water. In some localities other water-bearing sandiS and gravels are found higher
, within the drift, but the water is likely to be so polluted with decayed vegetable matter as to have a disagreeable taste and odor.
On the lower ground in the county water i~ obtained as a rule
from shallow wells dug and bored to the first horizon, though
many of. the stock-farm wells reach the second. On upland
divides the water from the first horizon, though fairly satisfactory in quality, often fails in dry seasons owing to the general towering of the ground-water level. The depth at which
it is reached ranges from 10 to 40 feet, depending on the .thickness of the loess. Where sufficient water is not obtained from
the subloessial sand, wells are pored or drilled to the sand and
gravel just ben~ath the drift, which horizon may be within 5~
feet of the surface or may not be within 250 feet; the supply,
however, seldom fails.
Water from this deeper sand and gravel is obtained on the
farm of Adam C. Ran-ck (BE. % sec. 18, T. 72 N., R. 26 W.)
from a well 163 feet deep in which the water level is but 16 'feet
below the surface. The water is hard and slightly mineral.
Local failures to find water in the drift hav'e resulted in the
sinking of a few wells into the bedrock. Those reported range
in depth from 250 to 300 feet, and probably draw supplies from
the limestone of the Missouri stage. 'T he water is said to be
very satisfactory for stock, but the data are insufficient to warrant very definite conclusions as to the general value of this
limest'one as an aquifer. From evidence obtained in the SUTrounding counties, however, it is known to be generally unsatisfactory on account of hardness of the water and its meager
quantity. One of the deepest ap.d best wells of this type is that
of Louis A. Brown, three miles northeast of Murray (SE. %
sec. 35, T. 73 N., R.27 W.). , This well is 298 feet deep, enters
rock at a depth of 189 feet, and draws its chief supply from
the limestone of the Missouri stage at a depth of 260 feet. The
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water is hard and stands 80 feet from the surface. R. Arnold,
seven miles southwest of Murray, failing to find a satisfactory
supply of water by digging 90 feet, drilled 340 feet to water;
and John Diehl, 4% miles northeast of Osceola, drilled 320
feet to find water. Drilled wells are more C0mmon in the westcentral part of the county.
SPRINGS.

In the more hilly portions of the county many good stock
springs are found on steeper slopes, where the sand and gravel
lay~rs of the drift outcrop. Shallow wells dug on hillsides tap
similar strata and are made to flow into cattle troughs by
means of pipes let into the lower side a few feet below the surface. For a fuller discussion see Lucas county, p 953.
CITY AND VILLAGE SUPPLIEs.

Murray.-Murray (population, 796) has no public system of
water supply. Fire protection is afforded by a half dozen open
wells 30 feet deep, pumped by hand.
Osceola.-The public supply of Osceola (population" 2,416)
is secured from an artificial reservoir, 2.72 acres in area, which
collects the surface drainage of 280 acres of pasture land. A.
triplex pump (capacity 250 gallons a minute) raises the water
from the intake well to a 60,000-gallon tank elevated on a 90-foot
tower. The water is distributed by gravity through about
four miles of mains to 27 fire hydrants and 50 taps. In case
of fire direct pressure of 120 pounds may be applied by pumping. The average consumption is 10,000 gallons daily, sold at
rates ranging from 35 to 20 cents a thousand gallons, according
to the amount used. The Osceola Light, Heat, & Power Company, ,which pumps the water, finds it satisfactory for use in
boilers. It is customary to treat it with a small quantity ()f
kerosene. 'T he city system is connected with the Chicago, Burlington & Quincy Railroad tank, so that in case of emergency
either system may supply the other.
Sediment is removed from the water by a mechanical filter.
The supply is sufficient to meet all demands and is fairly' satisfactory.
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Unfortunately in£ormation regarding the underground-water
supply in this county is exceedingly meager. A well is said to
have been sunk at Osceola to a depth . of 1,953 feet, diameter
eight to four inches; but DO further information was obtainable.
WELL DATA.

The following table gives data of typical wells
oounty :

ill

Clarke

Typiool wells in Clarke County.

...
"e
Owner

.£

Location
.0

.0

'"2

'"

p

'"

~Q.

P-

I

p

A. C. Rarick ____ SE .

~

R.
William Beebe ___ SE.
R.
L . A. Brown ____ SE.
R.

sec. 18, T. 72 N.,
26 W.
t sec. 29, T . 71 N.,
27 W.
1 sec. 35, T. 78 N.,
27 W .

i:>.

'"
"0'"

P-

",I»

~

0

0;
.0

Remarks

'01:

'"'"
~"

Feet
F eet Feet
163 --- --- Drift sand_
16 Hard and slightly mlneral.
250
250 Sand above 100
bed rock.
80 Water bed at 260 feet.
298
189 Limestone_

DECATUR COUNTY.

BY O. E . MEINZER AND W. H. NORTON.

TOPOGR·APHY.

The upland .level in Decatur county lies 1,100 to 1,200 feet
above sea level, and is cut by numerous southward-trending
stream valleys. into parallel ridges and trenches that must be
crossed by east-west railways and wagon roads. . The principal stream, Grand river, occupies a broad fiat-bottomed vallay 200 feet below the fiat-topped ridges and plateaus.
GEOJ...OGY.

Beneath the uplands and, to some extent, beneath the valley
sides, is a thin but widespread deposit consisting of loess and
related gray-blue plastic clay, in "some places partly oxidized

I
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to yellow. This plastic clay is nearly free frQm grit but includes locally some tiny pebbles, as can be seen in the railway
cut at Lamoni. In fineness of grain and imperviousness to water
it differs' sufficiently from the typical loess to influence profoundly the agricultural value of the land. -Over the wide' flood
plains of ,the principal streams the surface formation 00nsists
of alluvium.
Next below the loess and clay, or in many localities lying
at the surface, is an accumulation of bowlder clay with minor
amounts of sand and gravel. The bowlder clay is weathered
and yel1o~ at the top, but is darker, more compact, and quite
unweathe~ed at some distance below the surface. The upper
part is Kansan in age, but there is reason to believe1 that the
basal deposits belong to an older drift sheet. Beneath the
uplands the average thickness of the drift and associated material is probably not far from 200 feet, but in many places the
streams have cut through to the bedr,ock.
The rocks upon which the drift rests belong to the Pennsylvanian series of the Carboniferous. Throughout most of the
area the lilpper rock is predominantly a limestone, well exposed
in the qu~rry 1 Y2 miles ;southwest of Davis City; it marks the
base of theI Missouri stage of the Pennsylvanian and overlies the
Des Moines stage of the sam€ 'se;ries. The latter consists of several hundred feet of strata that are predominantly shale, though
they include numerous thin beds ,of sandstone, limestone, and
coal, with heavy beds of sandstone near the bottom. Shales
. belonging to the Des . Moines stage outcrop in the valleys in
the southern part of the county. The sandstone near the bottom. of the Des Moines stage is shown in the lower part of the
section of the Biggs or Hazlett well (p _ 949). Its occurence
is noteworthy, as no sandstone corresponding to it has been
reported in the counties directly east. A higher bed of sandstone was penetrated in the Sharp boring at Leon.
' Bain, H

] 897, p p .

F ., Geology of D eca:tur County: A nn. R e pt. Iowa G e ol. Survey, Vol. 8,
.

2~3 - 292.
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Section of Sharrp pr08pect hole at Deon.
(NW.; NE.i see. 32; T. 69 N .• R. 25 W.)

[Altitude of surface. about 1.050 feet.]

,Bowlder clay _____________________________________________________________ _
Sand (dry) _______________________________________________________________ _
Glacial drift __ __________________________________________________________________ _
Sand (with water) _______________________________________________________ _
Shale ________________________________________ ____________________________ _
Limestone or calcareous shale________________________________________________________ _
Shale ____________________________ ______________________________________________________ _
Sandstone. lIne·grained ___________________________________________________________ _
Shale __________________________________ ___________ ______ _
Limestone _________________________________________________
__ __ . ____ _
Coal _____________________________________________________________________________ _
Shale _______,______________________________'_______________________________ _
Coal ___________ ________ ________________________ ___ __ _________ __________________________ _
Shale ___________________________________________________________________ ... __ _
Limestone _____________________________________________________________________ _
Shale ________________________________________________________________________ _
Coal __________ ___________________________________________________ __________ _
Shale ______________________________________________________________ _
Coal _________________________ _____________________ _____________________.. __
Shale ____________ .. ___________________________ ______ __________ _____________
Limestone ______________________________________________________________________ _
Shale ____________________________________________________________________________ _
Coal __________________________________________________________________________ _
Sbale ___________ ___________________________________________________________________ _
Limestone _______ !... __________________________________________________________________ _
Shale ___________________________________________________ _______________________ _
Coal _____________________________________________________________________ _
Shale _________________________________________________________________________ _
Sandstone ___________________________________________________________________________ _
Shale ____________________________________________________________________________
Coal ____________________________________________________________ ___________________ _
Shale _____________________________________________________________________ _
Coal ______ ___________________________________________________________________ _
Shale _______________________ ______________________________________ _
Limestone __________________________________________________________________________ _
Shale ______________________________________________________- _______ __ _
Sandstone. enter,ed ___________________________________________________________ _

Feet
23

3,

274
5

~

~

~

8S2
8S9

'1
7
19

~

17-12
2~

4()8
408~

410

43~

11-12

43It

14
~
2
2

445!
446

22~

,

23
26

SOO

305
839
341

34
2

~_______ ______

Feet

Ii
2!

448

450

473

474i
477

~

" 78

2il

485
'94

45

811-12

il

6

17-12

7lJ

,'I

1~

~2~

4941
500}

502
509}

514
518

2

5195
521}

2

5265
528)

191
8i
2
23)

523
5S~

554

A complete description of the drill core of the Sharp boring
has been prepared by James H. Lees, Assistant State Geologist
of Iowa, and is published in Iowa Geol. Survey. Vol. XIX, pages
247 to 251.
UNDERGROUND WATER.
SOURCES.

In Decatur county water is obtained from (1) the alluvium,
(2) the upper layer of the glacial drift, and (3) sand beds at the
base of the drift or incorporated between deposits of bowlder clay. Reliance is placed chiefly on shallow dug or bored
. wells which end near the contact of the loesslike clay with the
oxidized bowlder clay or which ' penetrate the latter, ending if
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possible in a gravelly zone_ The extent to which the surficial
water table follows the irregularities of the surface is remarkable. Thus, for instance, in ascending a hillside at Leon one
may find a succession of shallow wells, each with water near
the surface and with the water level differing notably within the
space of a few rods. This condition is also illustrated by the fact
that in some places artificial springs are made by projecting an
iron pipe horizontally from the bottom of a hillside well to the
surface farther down the slope. It is obvious that the steep gradients of the water table are correlated with imperfect porosity of the water-bearing material and small yields of the wells.
The shallow water is moderately hard but ptherwise good, except that in many places it is obviously exposed to pollution,
some hillside wells, especially in villages, being so located that
they must receive the direct seepage from privies on higher
ground and not many yards distant.
Altogether a number of wells have been drilled to the lower
part of the drift and beds of sand have generally been ,encountered, but it Iseems that the water from these is likely to be
meager in quantity and poor in quality, though further prospecting might develop more favorable results.
The water-bearingstraia in the Pennsylvanian series are
for the most part so thin and imperfectly porous that their
yield is small. The water is rich in sulphates, which give it
a certain medicinal value as a laxative, but make it undesirable
for general household use and also cause foaming in boilers,
especially in locomotives. In hardness and scale-forming properties it differs widely, the water from some wells being relatively soft.
In the valley of Pot Hole Branch (sec. 29, T. 68 N., R. 26 W.),
where Pennsylvanian strata are at the surface, a six-inch well
was drilled through limestone, shale, and a little sandstone, etc.,
to a depth of 118 feet, where a porous seam was pierced, from
which mineralized water with a laxative effect issued and rose
to a level 30 or 40 feet below the surface.
Two miles south of the state line, near the southeast ·corner
of the county (NW. % sec. 1, T. 66 N., R. 24 W.), in a valley
60
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bottom who§!e altitude is about 672 feet above the sea, a feeble
flow was obtained by drilling into Pennsylvanian strata to a bed
of quicksand at the depth of 153 f'eet. The water is rich in
sodium sulphate and is used for medicinal purposes. Several
other wells in this locality are of the same character except that I
they have never overflowed. 1
It is evident from the above that the water from .different
seams does not rise to an accordant level and that there is a
possibility of striking a flow in any deep valley. However,
such flows are invariably weak and of very little, if any, practical value.
By expensive drilling, deeply buried water-bearing formations can be taFlped, but the water is likely to have a low
head and to be of bad mineral quality.
With present prospects, deep drilling can hardly be recommended, yet, :on the other hand, run-off waters . stored in surface reservoirs must be regarded as far from satisfactory and
the condition of the private wells is most insanitary. Preliminary to installing water-works, every municipality can
afford to explore the resources .of the drift and other unconsolidated deposits above the bedrock, and it seems probable
that if right methods are pursued enough water can in most
places be secured from such a source. If no bed of sand that
will furnish enough water of reasonably good mineral quality
is found in the deeper parts of the drift, then it may be possible
to develop a sufficient supply from the shallower parts .of the
drift. It is seldom advisable to dig a single well of great diameter. If, instead, smaller holes are bored at proper distances
apart, the excavation .of a given amount of earth will result in
a much larger infiltrating surface, and the expenditure of a
given amount of money ought to result in a larger supply.
Moreover, such a system is elastic, for the number of bored
wells can be increased' indefinitely and the contributing area oan
thus he enlarged until the requisite amount of water is secured..
It is not generally understood that any number of bored wells
can, without difficulty or great expense, be coimected at the
'Shepard. E. M .. Underground Waters of Missouri: Water Supply Paper No .
195, U. ::l. U-eol. ::lurvey, 19117, p. 68.
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bottom by horizontal iron pipes so that one pump can draw
from all of the wellS! simultaneously. This method of connecting a
series of wells could also be employed to much advantage on
stock farms.
If the wells are spaced about 25 feet apart and are not less
than two feet in diameter they can be connected by boring horizontal holes an inch or two in diameter from the bottom of one
well to the bottom of the next, so that the water contributed
by all can be lifted by means of a single pump placed in
anyone of the wells. These horizontal holes can be bored
most conveniently with an auger consisting of 'detachable
links which can be added as the boring progresses. The links
should be attached to each other like the links of the' chains used
in pipe tongs, so that the auger can be withdrawn without disconnecting them, The horizontal holes should be provided
with iron pipes, to make sure that the connections are kept
open; but if these pipes are small enough to fit loosely the seepage on the outside of them will, in some wells, add materially
to the total yield.
CITY AND VILLAGE SUPPLIES.

LG/moni.-At Lamoni (population, 541) a system of waterworks has recently been installed. The water is obtained from
a reservoir which holds the run-off from a ravine west of the
town and has a capacity of 3,500,000 gallons. Tile water is
pumped into a tank elevated ·on a steel tower and is distributed
by gravity through about three and one-fourth miles of
mains, tapped by 29 fire hydrants and about 20 service pipes.
In the town two holes have been drilled into Pennsylvanian
strata. 'T he well of C. Brown was sunk near the railway
bridge, where the surface is about 1,110 feet above the sea.
It is five and one-half inches in diameter and 300 feet deep.
The drill passed through yeno~ and blue clay to about 150 feet,
where a two-foot bed of sand was found that contained some
water; it then penetrated light colorred limestone and dark shale
and sandstone, with three feet of red shale at a depth of about
200 feet. The well ends in limestone from which a small
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amount of water rises to the surface and trickles over the rim
of the casing. The other drill hole was a coal prospect and is
located on higher ground. It was carried to a depth of 425
feet and rev,ealed a similar stratigraphic section.
Leon.-At Leon (population 1,991) the electric light plant
obtains one .of the best water supplies in the county from three
open wells located in a small valley at the east margin of the
town. Two of the wells are six feet and the other is ten feet
in diameter; all are cased with brick and go to a depth of about
40 feet. The water is reported to stand 12 to 25 feet below the
surface, accQrding to the season. In an ordinary day the pump
is operated for about 21/2 hours, in which time armroximately
7,000 gallons are . drawn from the wells and the water level is
thereby temporarily iowered less than ten feet. The wells have
been in use for a number of years and are reported never to have
failed. The water is tolerably satisfactory for boiler feed,
though it forms some scale.
One well and several coal prospects at Leon have been sunk
into the Pennsylvanian strata.
The well was drilled for William Biggs in 1902 at a point a
few rods west of the city square. It is 803 feet deep and is
cased with 350 feet of 4lj2-inch, 152 feet of 31/2-inch, and 210
feet of 2%,-inch pipe. The curb is 1,120 feet above sea level. Water was found in sandstone at a depth of 700 feet. No other water
was reported. The normal water level is 340 feet below the
surface or approximately 780 feet above sea level. With the
suction pipe extending 36 feet below water level the. yield is
not sufficient to supply the pump, somewhat less than 40 gallons
a minute having been reported. In 1906 Mr. Biggs reported the
yield to be 15 gallons per minute. The analysis (p. 201) shows
that the water is only moderately hard but that it contains sufficient sodium and the sulphates to render it mildly laxative and
give it some reputation as a medicinal water. The water is .
said to be more or less roily at all times. The driller's log
follows:
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DriiZer'8 log 01 Bigg8 or Hazlett 'Wen at Loon.
ThiCk-I Depth
ness

I
Olay , yellow _______________________ ___________________
Olay, blue ______________________________________________
and stone ____________________________________ ---------------------------Limestone
----___ _______________________
-- -------~-------------------

Olay, yellow ___________ __ __________ ____________________ ----------------------------Olay, blue _____________________________ _____________ --_________ ____ ____________ _
Sand ________________________________________________________________________________ _
Olay, blue ______________________________________________ ---_________
Gravel _________________________________________________ ----------___________________ _
Olay, blue _________________________________________________________________________ _
Limestone, blue _________________________________ ______ _______________________ _______ _
Olay, blue _____________________________________________ ----_________________________ _
Olay and gravel __________________________ ____________ ___________.________________ _
Olay, blue ___________ __ __ _______________________________________________ • _____________ _
Limestone _____________________ ____________________________________________________ _
Ooal _______________________________________________________________________________ _
Soapstone __________________________________________________________________________ _
Blue stone _________________________________________________________________________ _
Blue soapstone _____________________________________________________________________ _
Ooal ______________________________________________________________________________ _
White soapstone __________________________________________________________________ _
Limestone _________________________________________________________________________ _
Slate, black _________________________________________________________________________ _
Hard soapstone ________________________________________ ._______________ __________ _
Slate, black ___ ___________________________________ ____________________ ____ _________ _
Ooal ______________________________________________________________________________ _
Soapstone, hlue ______________________________________ .___________________________ _
Limestone, wblte _________________________________________________________________ _
Soapstone, white ____________________________ ______ ____________________________ _
Soapstone, hard, white _________________________________________________________ _
Coal _________________________ c____________________________________________________ _
Soapstone, hlue ____________________________________________________________________ _
Sandstone, white ______________________________________________________________ _
Unknown ____________________________________________________________________ "___ _
_~

~------ ------ ---

Feet

Feet

55

55

80
5
23
22
1

135
140
163
185

40
14

226
?40
265
267
287
2G3
333

25
920
6
40
2
2

7
10
23
1
62

4
6

20

1
4

83
7
6
44
4
66

158
10

186

835
337
344

354
377
378
440
444

450
470
471
475

508
515
.521

565

569
635
793

803

LUCAS COUNTY.

BY HOWARD E. SIMPSON.

TOPOGRAPHY.

Luca1? county lies on the eastern slope of the high plain
which forms the divide between Mississippi and Missouri rivers.
The area as a whole slopes gently ,e astward, but there is a slight
slope both northward and southward fr.om Ohariton, the highest point on the divide in Lucas county. From this vicinity
Whitebreast and Oedar creeks flow northward through Marion
county into the Des Moines, and Ohariton river, approaching
from the southwest, bends away southeastward and thence toward the Missouri.

/
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The entire area is pa~t of a drift plain whose flat and almost
level surface has been cut by :flew broad stream valleys and
an innumerable network of smaller ones until ,e very portion
of the region is well drained. The divides are broad and flattopped, and pass gradually into the gently rolling hills which
border the valleys.

a

GEOLOGY.

In the broad bottom lands along the Chariton riv,e r and Whitebreast and Cedar creeks the alluvial deposits of sand and gravel
alternating with silt and mud are many feet in depth.
Over the uplands and extending well down into the valleys
lies a mantle of the fine .yellow clay caned loess. Beneath this
and covering the entire county lies the Kansan drift, a bowlder
clay containing pebbles of all sizes and shapes, many of which
are granite ~r dark red quartzite. The maximum depth encountered in any of the coal prospect drillings of the Inland
Coal Company was near the center of seotion 1, Lincoln township (T. 72 N., R. 21 W.) at an elevation of 1,017 feet above sea
level. The section here is not only remarkable for depth but
for the amount of sand contained.
Log Of coaJ prospect hoJe in section 1, Lincoln Township.

I

ThiCk- I Dept h
ness

son and loess ___________________________________________________ . Feet
18
TID (Kansan) ________________________________________________________
Sand ______________________________________________________
7'
Sand. with bands ot blue clay_________________________ ~------------___
U
~

Feet18
60
1M
14!!

The bedrock immediately underlying the drift of the entIre
county belongs to the Pennsylvanian series of the Carboniferous
(PI. XVI, p. 814) and~ with the exception of an irregular strip
averaging less than a mile in width along the western border, to
the Des Moines stage. The Des Moines stage consists chiefly
of shales, sandstones, and a few limestones and coal seams.
This narrow western margin is slightly overlapped by the rocks
belonging to the Missouri stage, in which limestone and shale
predominate.
: . :, J I.
I
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The sandstone of the Saint Louis limestone, which constitutes
so important an aquifer in the counties to the east as to be
known as the "white water sand rock," is not utilized in Lucas
county. The top of the upper limestone of the Saint Louis,
which immediately overlies the sandstone of that terrane, is reported to be about 350 feet beneath the surface. In NW. % sec.
15, Liberty township (T. 73, R. 22) the Inland Coal Company
gives the following section, the surface being 832 feet above
sea level:
Log

01

coaZ prospect hole in Liberty Township.

I

ThiCk- I Depth
ness

LImestone _____________________________________________________________
Sandstone ______________ :_______________________________________

'Feet
20

Feet20

198

218
264

4a
~

DrIft _____________________________________________________________
Dt'8 MoInes stage ___________________________________________________________

S06

SURFACE WATERS.

The large streams of Lucas county afford a permanent supply of running water which is not only economical but good for
stock. The springs along the margin of the "bottoms" and in
the broken lands in the vicinity of the larger streams are greatly
valued by the stock farmers.
On many stock farms wher~ running water is not available
a dam,is built across a small ravine, behind which storm water
collects and usually remains throughout the summer, as the
drift forms an impervious bottom and prevents rapid drainage.
The water thus impounded is, however, very unsatisfactory,
and the condition of such stock ponds toward the close of a
warm, dry summer may be better imagined than described.
Such water is suitable for use only in boilers, and for this purpurpose it is probably the least objectionable that can be obtained in t~is region.
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UNDERGROUND WATERS.
SOURCES.

Alluvial bottoms of Ohariton river and Whitebreast and
Oedar' creeks afford frequent shallow wells for many stock pastures. The newer public supply -at Ohariton is derived from '
this source.
Most of the wells of the county are shallow and draw their
water. from sandy lenses irregularly distributed through the
drift or from the sand and gravel deposit commonly found at
the base of the drift. The remarkable sand layer noted in the
section given on page 950 seems fairly persistent between the
Kansan till and the blue clay below (possibly the Nebraskan
drift); at other points in the eastern part of the county it is
said to be 40 feet thick and to supply some large and permanent
springs.
Except on the upland divides wells in the drift yield water
that is satisfactory both in quantity and quality for ordinary
demands for stock and domestic uses.
Few wells in the county enter bedrock and none are known
to pass through the Ooal Measures, but the many coal prospect
holes afford sufficient evidence of the quantity and quality of
the contained waters. Beds of sandstone and sandy shale occur
irregularly in the shales of the Des Moines stage, and though
many of these sandstone beds are reported dry, some are so
heavily water bearing as to interfere seriously with mining
operations.'
Ooncerning mine waters in the western part of the county
Mr. Verner, formerly State Mine Inspector, says:
Mine waters in this part of the state come from the surface or from sandstone
lying over a shale roof covering coal. This shale runs from nothing to 70 feet
in thickness, and when it is thick it permits little water to ,percolate through,
When this roof shale is thin, the mines are, as a rule, very wet and it is diffi·
cult to keep the roof from falling, and it may be necessary to abandon the
mine.
Some mine waters are so strongly charged with hydrogen sulphide as to be
unfit for general use, Shaft waters are not good for steam making" for they
pit and corrode the bollers rapidly, and as the waters of the drift wells are
generally too hard, the boilers of many of the mining plants are supplied with
impounded storm waters.
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The sandstone of the Saint Louis limestone, which in this
county may be reached at depths of 400 to 600 feet, would probably produce moderate quantities of pure and wholesome hard
water provided the water from the overlying Des Moines stage
were thoroughly cased out.
The depth and arrangement of the drift and the sandstone layers of the Des Moines stage that might be water bearing are indicated by the following driller's log of a coal prospect hole
drilled by the Inland Coal Company. The hole is located on
Chariton river bottoms a little northeast of the southwest corner of sec. 30, T. 72 N., R. 21 W.
Log

01

coal prospect ho'le near Oharlton.

[Elevation of moutb above sea level, 971.96 feet.]

I

Thickness

SoU __________________ ____________________________________ -------------_____ _
Olay, yellow _______________________________________________________________ _
Olay, dark ______________________________________________________--------___ _
Sand ______________________________________________________--.. ---_______________ _
Olay, black _____________ ________ ____________________________________________ _
Sand ____________________________________________________ -_----------___ ______ _
Olay, black ______________________________________________________ ----______ _
Sand _________________________________________________________________________ _
Sbale, soft, dark blue ___________________________________'__________________ _
Sbale, gray _____________________________________________________________ _
Sbale, green _____________________________________________________________ _
Sbale, dark ___________ ___________________________________________________ _
Ooal _______________________________________________________________________ _
Olay, fine __________________________________________________________________ _
Sbale, llgbt _______________________________________________________________ _
LImestone, red _________________________________________________________ _
Sbale, llgbt ______________________________________________________________ _
LImestone _____________________ _________________________________________ _
Sandstone ________________________________________________________ _______ _
Sandstone, soft _____________________________________________________________ _
Bowlder _____________________________________________________________________ _
Ooal ___________________________________________________________________ _
Sbale, black __________________________________________________________________ _
Sbale, soft, IIgbt __________________________________________________________ _
~

-

Ft. In.
7 0
7 0
6 0
2 0
18 0
5 0
30 0
8 0
9 0
17 0
4 0
8 0
011
8 1
2 0
1 8

""

1
20
27
2

0
0
0
0
1
7 0
S 10

---------

I

Deptb

Ft, In.
7 0
14 0
20 0
22 0
40 0
45 0
75 0
78 0
87 0
104 0
108 0
III 0
l11ll
115 0
117 0
118 8
123 0
124 0
144 If
171 0
178 0
178 1
180 1
183 11
183 11

SPRINGS.

Many excellent springs emerge from heavy beds of sand and
gr:;Lvel of the drift outcropping on the sides of the valleys in
Lucas county. They are as a rule very constant in flow and
are of great value on stock farms, as they yield stre¥lls of pure
water, cool in summer and warm in winter, sufficient for 500 to
1,000 head of cattle, without expense of time, labor, or money
except the initial cost of walling up and piping to a suitable
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tank. A spring on the farm owned by Hanna Kent, three miles
west of Lucas, is typical. This spring flows in a good, strong
stream from an outcropping. layer of sand at the bottom of a
hill. On the J. M. Taylor farm, .3% miles north of Derby, a
spring of excellent 'water is located on the "old Mormon trace
road", so called because the locality was used by the Mormons
in their western migration as a camping ground on account of
the "plenteous water." The "Black Spring," owned by Mr.
George Johnson, five miles northeast of Russell, flows a perennial
stream of clear, hard water.
OITY AND VILLAGE SUPPLIES.

Chariton.-The public water supply of Chariton (population,
3,794) is drawn from shallow wells in the alluvial gravels and
sands underneath the bottom lands along the Chariton river
about two miles south of the city and about 89 feet below the
level uplands. The water is pumped into an elevated tank in
the city and supplies seven miles of mains leading to 60 fire
hydrants with water under about 50 pounds pressure. This
normal pressure is supplemented by a steamer service for fire
protection.
The Chicago, Burlington & Quincy Railroad formerly obtained
water for engines, roundhouses, and shops by a dam across a
branch of Chariton river immediately west of the city, supplemented by two wells 12 feet in diameter and 30 feet deep. The
better well yielded 35,000 .gallons of water daily. The water
was a good boiler water for this region, but the reservoir was
unsatisfactory on account of the tendency of the river to flood
in spring and to go dry in summer.
Recently the company constructed a new reser'\Toir a short
distance farther west of the city, by damming a small stream
fed by permanent springs. The dam is 30 feet high in the
middle and the resulting pond is 1% miles long. Abundant
supply of satisfactory boiler water is secured.
The deepest well repo:rted at Chariton, that at the Electric
Light Company plant, is 70 feet deep; little water is obtained
below 33 feet, and that little is very hard.
I

r
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Derby.-At Derby (population, 326) bored wells 10 to 60 feet
deep, averaging 33 feet, are commonly used, as they furnish a.
good supply of water which rises within a few feet of the surface. There are se,v eral fine springs in the neighborhood.
Lucoo.-At Lucas (population, 666) water is .obta.ined from
drift wells ranging in depth from 15 to 5Q feet.
Russell.-Wells at and about Russell (population, 612) are
shallow, averaging about 30 feet. The city well, 6 feet in diameter and 30 feet deep, is used by the public for drinking and
for teams A well 9 feet in diameter and 31 feet deep, and two
cisterns 10 by 12 feet, constitute the supply for fire protection.
The water is pumped directly by a gasoline fire engine. The
city well yielded 120 gallons per hour when dug.
A composite well section in and about Russell, showing fairly
persistent gravel layers, is as follows:
Oomposite wen section near R~8en.
l

•

Thickness in feet.

Soil and loess....... . ........... .................. 8 to 20
Subloessial sand; scanty water.
Yellow till (Kansan).............................. 9 to 30
Gravel at base of Kansan till; water bearing.
Clay, blue ........................................•• 10 to 60
Coarse sand and gravel; much water.
Coal shales.
WELL DATA.

The ,following table gives data ;of typical wells in Lucas
county:
Typical wens 01 Lucas 'Oounty.

.,.

I

C)

0
....

Owner

.s

Location

:5

""Q.

A

A

"'"

Source of supply

Remarks:
(Logs given in feet)

"

T. 72 N., R. 21 W.

(Lincoln).
Feet Feet
A.. OulbertsoD.. ____ NE. i sec. 18_____ 342
94 Drift
sand;
sand· Olay, 10; sand and
stone (Des Molnes).
RTavel, 84; Ooal
Measures, 248.
D. G. Bennett___ ___ SE. i see. 24.. ___ _ 304
70 Drift sand __________ Loess, 10; drift, 60;
Ooal Measures, 284.
J. A. Slattengren.. __ SW. i sec. 23___ 324
Olay, 50; sand, 15;
65
do _...- ...... ...
Ooal Measures, 259.
L. O. WhItteD.. ____ NE. i sec. 13___ ~ 131
17 Sandstone (Des
Drift, 17; Ooal MeBS'
Moines).
ures, 114.
J . M. OowaD.. _____ NW. i see. 8_____ 174
22 Drift sand __________ Olay, 11; sand, 11;
Ooal
Measures. lBS.
Erlckson
_______
NE. i see. 2_____ 148
O. G.
Olay, 18; sand , 8;
21 ,Sandstone (Des
Moines).
Ooal Measures (with
45 feet of sand·
stone at base). 127.
---

---

,

__----
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MADISON COUNTY.
BY HOWARD E. SIMPSON.

TOPOGRAPHY.

Madison county is on the eastern slope of the divide between
Mississippi and Missouri rivers. On the whole the area is a
maturely dissected drift plain sloping gently to the northeast,
in which direction the principal streams, North river, Middle
river, Clanton creek, and South river, flow toward Des Moines
river. The southwest corner of the county is drained by Grand
river, which flows southward toward the Missouri.
In the western and southern parts of the county the relief is .
very slight; in the northeast part the flat-topped uplands are
trenched 100 to 300 feet by deep broad valleys with abrupt sides.
GEOLOGY.

The loess, a whitish buff clay, free from gravel, covers all
uplands in Madison county and extends well down the slopes
into all the larger valleys. This deposit is not so thick as it
is in the counties to the south and east. The Kansan drift under-'
lies the entire county except where eroded away from some of
the steeper valley sides. .In its upper parts much woody and
vegetable matter is found and in s,ome places gas has been reported . . These fa.cts suggest that the deeper sand is an interglacial gravel of Aftonian age.
~ Thedrift iD." the western and southerii-p'ortions of the county
rests directly upon the Missouri stage, here represented by
some heavy beds of limestone with shale. The limestone of the
Missouri stage is much altered above and the well sections frequently show a few feet of geest, or residual soil, between the
drift and the unaltered limestone. In the northeastern portion
the drift rests upon the Des Moines stage, which consists chiefly
of shales and sandstones with some limestones and coal seams .

..
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All the formations are nearly horizontal except for slight local
dips.
UNDERGROUND WATER.
SOURCE AND DISTRIBUTION.

Sandy layers within and at the base of the loess yield small
quantities of water to 'wells, few of" which exceed 30 feet in
depth. The loess is extensively used , except on the uplands
where it has been found very unsatisfactory owing to' the
serious diminution and frequent failure of its water supply in
dry seasons. The upper sand bed and loess is dry in "ridgy"
gr~und ,except in the middle of ridges.
The water-bearing sands and gravels beneath the Kansan
drift form the chief source of water supply for tp,e county and
are tapped at depths ranging from 20 to 200 feet. Locally,
water may be obtained by sandy layers within the Kansan drift.
In the uplands about St. Charles water 'is fotrnd in the Kansan by wells about 30 feet deep, and in deeper drift sands overlying blue clay practically free from pebbles at depths ranging
from 50 to 60 feet.
In view of the importance of the drift waters in Madison
county a composite section on the uplands about Winterset is
of interest.
Oomposite section on

uplan~

ne\1.r Winterset.
Thickness in feet ,

SolI , and yellow loess, dry.............................. 10·17
Loess, blue-gray, water bearing........................ 3-10
Sand, water bearing. . . . . . . . . . . . . • . . • • . . . . . . . . . • . . • • • . . •
2
Till, yellow; some sand beds and pockets, the latter usual·
ly water bearing.................................... 10-30
TUl, blue, variable and often wanting; water very scarce. .
40
Clay, light blue; much sand and gravel and many bowld·
ers; generally much water immediately over bedrock. _ 1-3

The surface of the uplands underlain by limestone of the
Missouri stage is so nearly level that, though the drift is but
a few feet thick, few wells penetrate to rock. An abundance ,of
good water is found in the limestone or in sandy layers at the
base of the loessl• Ground-water level is so high that wate'r
stands near the surface in the shallow dug wells or overflows .
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as in the 13-foot well on R. A. Lenscher's farm (SE. % sec. 19,
T. 77 N., R. 29 W.). An excellent type of the deeper drift well in
this vicinity is that of J. M. Hochstetter (SE. % sec. 29, T. 77
N., R. 29 W.), a 50-foot well to sub-Kansan sands, which y;ields
an abundance of fine water, with head 15 feet from the surface. An interesting result of the ease with which water is ob. tained in this region is noted in the absence of windmills over
the farm wells. Such conditions are foupd in the vicinity of
Earlham and the region southwest.
On the higher divides about Macksburg the loess is generally
dry and the wells are bored to depths of 20 to 60 feet, many
of them drawing their supply from the gravels beneath the
Kansan. Not uncommonly the higher farms find serious difficulty in obtaining a full supply.
In the broad belt of broken ground lying east of Earlham,
Winterset, and Barney, the stream valleys are cut through to
the soft shales and the uplands between are capped with the
limestone. Here the loess and upper sands ' are well drained
except in the middle of the broad divides, and wells are sunk
to the sands at the base of the drift. The' many outcrops of
limestone in the ~ides of the valleys suggest why even these are
dry in some localities. On the .farm of G. W. Bowles (SW.
1M sec. 20, T. 74 N., R. 27 W.) five dry holes, ranging in depth
from 75 to 170 feet, were sunk; and on that of Jesse Roberts,
1lh miles northeast of St. Charles (SE 1M sec. 12, T. 75 N., R.
26 W.), 14 dry holes were dug before water was obtained from
a valley well 35 feet deep. The aquifer in this well is a sandy
layer at the base of the drift and above the shale, as shown by
the follo~ng section:
Section of Roberts well near St. Oharles.

ThiCk-! Depth
ness

I
Olay. yellow __________________________________________________________________________
Sand _____________________________________________________________________________
Shale __________________________________________________________________________________

:J!'eet
25

3
7

Feet25

28
85

II
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The drift sands overlying limestone in the broken region are
thoroughly drained, but the water in those over shale is retained.
Few wells in the county completely penetrate the drift. Some
of those in the western and southern portions of the county find
a good hard water in the second or third heavy limestone beds
of the Missouri stage, since these are interbedded with thin
layers of clay or shale. In the northeastern portion of the
county, where the drift overlies the Des Moines stage, the rock
wells are even more uncertain. A few obtain good supplies
from sandstone beds, but the water is frequently highly mineralized. One well, that of Finley McDonald (see p. 960), penetrates
the entire Ooal Measures and draws a fair supply from the
Saint Louis limestone at a depth of 799 feet. .
SPRINGS.

Strong flowing springs are common along margins and outcrops of the limestone of the Missouri stage, and seepage springs
are more or less frequent where drift sands outcrop in broken
lands. 'The former afford valuable supplies of stock water on
the margin of the deeper valleys.
CITY AND VILLAGE SUPPLIES.

None of the towns of the county except Winterset have public supplies other than that furnished by shallow dug wells on
the main streets, the water being drawn by hand pumps.
Winterset.-At Winterset (population, 2,818) water is obtained chiefly from drift wells ranging in depth from 10 to
100 feet, the supply varying greatly with the season. 'One of
the four wells which supply the Electric Light Oompany plant
may be considered typical. The section is as follows:
Log Of EZectric Light Com,pan1l wen at W i nterset.

T
kiCk- 1Denth
'ness
...

I

Loam ______________________________________________ FeetS
Loess. yellow __________________________________________
10

Olay. blue ______________________________________________________

22

i'eet 8

18

85

Sand and eraveJ _______________________________________
1
36Till. blue ________________________________________________
16
52Limestone _________________________________________________________
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Water IS found chiefly just over the limestone and IS very
hard and requires considerable treatment to render it :fit for
use ill boilers. The wells are four feet ill diameter and the
four yield about 200 barrels daily in the drier seasons.
The prospect of obtaining water.from the deeper formations
at Winterset is indicated by the record of the Finley McDonald
well (NE. % NE. 14 sec. 1, T. 76 N., R. 28 W.), which has a
depth of 799 fed and a diameter of 3% inches. The curb is
approximately 1,100 feet above sea level and the head 190 feet
below curb. . Water was found at 248, 433, 538 (2112 gallons a
minute), 630 to 648 (23,4 gallons, heading two feet below curb,
strong flow in sandstone), and 758 to 770 (strong flow in crevice
at 797 feet). The capacity of the well is 300 gallons per hour,
lowering 21 feet under 10-hour test.
Driller's log of McDonald well.

IThick·
ness I Depth
Olay (Pleistocene) _____________ __________ ______________ _____________ __ ________________ _ Feet
28
Limestone (Missouri) ___________ ____________________ ___ ____________ _______________ _
22
Shale
Moines) of various colors; tire clay,_____________________________________
sandstone, limestone, and some_
___________________________________________
coal (Des
562
Sandstone ____________________________________________________ ____ .!. __________________ _
36
Shale, white __________________________________________________________________________ _
12
Shaie, black, bituminous _______________________________________________________ __ _
60
Sandstone, harel, flinty _____________ ___________________ _____ ___ ___________________ _
26
Sandstone, dark colored ___________________________________________________________ _
12
Sandstone white (base of Des Moines) _____________________ "_________________________ _
12
Limestone: wbite, hard, c~erty (MIssissippian) ____________________________________ _
29

F eet
28
!iO
612
648
660

720
746
758
770
7~9

WELL DA';['A.

The following table gives data of typical wells in Madison
county.
Typiool wells of Madison County.

Owner

.£

Location

T. 76 N., R. 26 W.
(Orawford) .

)
Feet Feet

Peter Ounningham 2

Remarks:
(LOgs given in feet)

Source o(supply

miles north
Patterson.

of

103

64

Feet _I
Sand, at base ______ Ahandoned; Insufllciof drift.
ent.

.
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Typical wells in Madison Uounty-Continued_

Owner

Location

T. 75N., R. 29 W.
(Webster).
T . D. P et erman_ NW.i sec.

~--------l

Feet Feet

miles southwest
of Winterset.

Feet

115

577

100 Sandstone (Des
Moines).

260 Drift, 100; MissourI,
56; Des Moines, 421A weak well. Mlneral.

190 Mineral. Test 800 galIons per bour . for
21 bours. Drift, 28;
Missouri, 22; Des
Moines, 720; Saint
Louis, 29.

T. 76 N. , R. 28 W.
(Douglas) .
Finley McDonald_ NE. i sec.

1____ ______

799

28

Sandstone
(Saint Louis).

133

21

Missouri

T. 76 N. , R . 29 W.
(Jackson) .

Dave
Rush

Ford ___ ____ NE.

i

sec.

Tate _______ SW.i sec.

T. 76 N . , R . 27W.
(Union).
S. A. Foley _____ _

25________
13 ________

miles east
Winterset.

95

of

485

H. W. Tate ______ SE.i sec. 18_________

113

3~

------ ---27

------

do ________

Des Moines ___

T . 74 N., R . 27W .
(Walnut).

H. Hatterbubr ___ SW.i sec. 20________
T.75 N. , R .26W .
(South) _

I

Sandstone (Des ____ _ Drift, 115; MissourI,
148; Des MoInes, SII.
Moines); lime·
(Mis,
All waters only 1i
stone
gallons per minute.
souri) •
MineraI.

301

T . 75N.,R.28W.
(LIncoln).
Dave McCleary __ 5

Remarks:
(Logs given in feet)

Source of suppl y

Good hard water .
Drift, 21; MiSSOurI,
20; Des MOines, 92.
50 211 gallons per minute

{O

90 20 barrels per day ; Insufficient. Drift, 17 ;
Missouri, 27; Des
Moines, 431. Abandoned.
-

8 Limestone ____
75 Excellent well.
(Missouri) .
815 ___ ______ do _________ ____ _ Scant; abandoned.

I

Jesse Roberts .___ SE.i sec. 12.._______

185

70

Flouring mill ____ St. Charfes _______

114

99

T. 77N . • R . 27W .
(Jefferson) .
A. D. Fletcber __ _ SE .i

sec. 36_______

T. 77 N. , R. 29 W.

268

00 aI
( Des -----_ Unsatisfactory; abanMoines).
doned.
Drift and sand- 16
stone
(D e s
Moines) .

100 Sandstone ____
(Des Moines) .

160 Soft water.

(Penn).

J. Ml Hochstetter SE .! sec. 29________

61

50 ______ DrIft sand ____

15 Abundant and ·fine.
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MARION COUNTY.
BY HOWARD E. SIMPSON AND W. H. NORTON.

TOPOGRAPHY.

Marion county lies slightly southeast of the center of Iowa.
The surface is a fair type of the Kansan till plain, approaching
a mature stage of dissection. Des Moines and. South Skunk
rivers, conforming to the general trend of the master streams
of the eastern portion of the state, flow southeastward across
the northern part of the county, the former draining the major
portion of the county through Whitebr,east, English, and Cedar
creeks, which flow parallel to each other from the southwest and .
enter the Des Moines almost at right angles. This attitude is
probabJy due to a slope of the plain to the northeast.
The broad upland divides are gently rolling and vary but
slightly from 900 feet above sea level; near the main streams
the land is somewhat rough and broken. Des Moines and South
Skunk rivers and Whitebreast creek have completely developed
flood plains with meanders and cut-offs in valleys largely preglacial. All other drainage is probably postglacial, though
English and Oedar creeks are also well graded. No morainal
depressions or ridges remain to impede the drainage.
GEOWGY.

The entire county is covered with loess, Kansan drift, and
possibly Nebraskan drift, save where the streams have cut
,through to bedrock or have deposited alluvium on thei.r flood
plains.
The bedrock underlying the drift consists chiefly of Carboniferous shale with some beds of sandstone and coal, all of which
have been assigned to the Des M'oines stage of the Pennsylvanian series. (See PI. XIII, p. 626.) In the deeper valleys of
the eastern portion of the county the drift rests on limestone
or, more rarely, on the underlying sandstone of the Saint Louis
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division of the Mississippian series. Formations below the
Carboniferous are not exposed in the county and are known only
through deep wells put down at Pella and Flagler.
The Saint Louis strata have a slight southwestern dip and
are somewhat irregular, owing to the presence of numerous
anticlines and synclines of small extent.
The Des Moines stage rests unconformably upon 'the Saint
Louis limestone and contains many minor unconformities, due
probably to contemporaneous· erosion between its beds, which
dip slightly and thicken toward the southwest. The usual great
unconformity exists between the Des Moines stage and the drift.
UNDERGROUNDWATE&
SOURCES.

Each of three series, the Pleistocene, the Pennsylvanian, and
the Mississippian, furnishes an important source of water supply
in Marion county, though all are variable both in quantity and
quality.
The chief supply of water in the county is obtained from shal. low wells dug in the drift, which is a fairly homog:eneous bowlder clay ranging in thickness from 10 to 80 feet, though in few
places exceeding 60 feet, and which is found throughout the
county. Water lies within 15 to 40 feet of the surface, generally
in small sand pockets, veins, or seeps, and almost iI\.variably
at the base of the drift where it rests on shale.
The drift water, wher,e uncontaminated, is of good quality
and is very generally used for household purposes, since it is
easily accessible and comparatively free from mineral matter.
. It is, however, subj.ect to pollution in the larger towns and near
coal mines. Its quantity is generally insufficient except for
household use and for small farm supplies. Stock farmers find
it inadequate and either dig large open wells into the shale to
form reservoirs or drill into the bedrock.
The Coal Measures rocks consist of coal, shale, and sandstone
with occasional beds of limestone and conglomerate. . Water is
usually found in the seams and beds of coal, but this water is
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never potable owing to the abundance of ~ron and sulphur compounds in solution. The shales which compose the greater part
of the group are comparativ,ely dry and where water is found
in them it is so strongly impregnated with mineral matter as to
be unfit for use. This is characteristic of almost all waters of
the Des Moines stage. Exceptions occur, however, in the case
of thick local l,enses of sandstone, several of which are found
in the county. The best known ;of these is the channel deposit
known as the Red Rock sandstone, which occupies an area of
less than 30 square miles in the north-central portion of the
county and has a maximum thickn,ess of about 100 feet. Since
it lies near the surface and furnishes an abundance of good
water no wells go through it, but, owing probably to contemporaneous erosion, it is lacking in many wells where it might
reasonably be expected.
Another important water horizon is in many places found at
depths of 100 to 200 feet in sandstone lenses some distance
above the base of the Des Moines and usually above the coal
' seams. The rock varies in color from light blue to nearly white
and in thickness from 10 to 40 feet, and contains pyrite and
ironstone concretions, coal, fossils, and shale bands. The water
is usually of good quality for stock though occasionally mineralized.The quantity is satisfactory; no well drawing water from
this horizon has been known to fail under ordinary windmill
or horsepower pumping, ant) no severer tests have been reported. Beds at this horizon are on the whole the most satisfactory source of supply for stock farms, quality and quantity
both consider,ed.
The third water-bearing bed of the county, known among ~rilI
ers as the "white water sand rock," is a sandstone immediately
underlying a heavy-bedded limestone (the upper hed 'of the
Saint Louis limestone of the Mississippian). It is a white, compact, granular sandstone with numerous flinty layers of cherty
limestone from one to three inches in thickness. At many
points it is dry above, but at depths of 300 to 350 feet it contains an abundant supply of water ·for all stock wells. All wells
to this sandstone stand windmill and horsepower tests, and
. several have been pumped with a steam pump with no apparent
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e.xhaustion. The. water is generally hard and in some places
mineralized, but is usually considered good for stock and for
domestic uses. The Saint Louis will probably prove the most
satisfactory source in the county, but it is not yet much used
except in the eastern part, on account of the expense of drilling
to the depth at which it lies. Wells to the Saint Louis are reasonably sure of finding good wholesome hard water, which may
be utilized in many kinds of manufactures but is unsuitable for
boiler purposes on account of the lime carb~nate and other
minerals it carries in solution.
Only two wells in the county,.those at Pella and' Flagler, go
below the Saint Louis water rock
. DISTRIBUTION.

A few small areas of sand-venee-r ed upland ,are found in
Marion county in which the water supply is so interesting and
unusual as to deserve mention. They lie in secs. 1, 11, and 12,
T. 77 N., R. 18 W.; secs. 11 and 12, T. 76 N., R. 20 W.; and
sees. 10, 15 and 16, T. 75 N., R. 20 W. In all the sand is mixed
with loess and has been wind borne to the northeast from the
flood plain of a stream near a point where the erosion of thick
beds of soft sandstone has been in progress.
A supply of good water may be obtained in shallow wells
near the base of the sand stratum, but some difficulty hasl been
experienced on account of clogging of screens. Several perman~nt hillside springs rise from the same sourcp-. Though
the quantity is scant 'and variable the possibitities of obtaining
a supply from this source have, been demonstrated in the private
plant which furnishes water to the town of Eddyville in Wapello
county.
Along the bottom lands of Des Moines river and its tributaries
are a number of small flowing wells, most of which are prospect
holes sunk for coal. Most interesting of these is the 752-foot
well drilled by the Whitebreast Fuel Company at Flagler, in
the valley of English creek A flow was obtained at 320 feet,
and a stronger one at 626 feet, probably in the Devonian; the
water has been used locally for medicinal purposes.
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Three artesian wells have been sunk for stock with good success on the Des Moines bottoms south of. the river from DUnreath, and about two miles west of Red Rock. One of these,
owned by James Worthington, on the line betwe~n sees. 3 and
4, T. 76 N., R. 20 W., is about 215 feet deep and is believed to
penetrate the Saint Louis, though a slight flow was found in the
Coal Measures, which increased to 2112 gallons. The Robinson
. and Coffin wells are believed to be not so deep. All are slightly
mineral, but are good stock wells. Several coal-prospect holes
about Swan produced flowing wells, which have now disappeared and become only boggy places, owing to the pulling or
rusting out of the casings. All are believed to be 200 to 300
feet deep.
Across the river in Morgan Valley and down to,w ard Dunr,e'a th other flowing coal holes have been utilized for stock wells.
Another is in sec. 8, T. 77 N., R. 18 W., in South Skunk
valley.
Most of the water .of Knoxville and vicinity is drawn from
shallow wells bored or dug into the drift, where a sufficient
quantity for domestic use is found within 15 to 30 feet of the
surface. When uncontaminated this is a good source, since it
is usually free from the minerals which give an unpleasant taste
to most of the waters from the Coal Measures. The water
comes chiefly from the sand pockets and small veins characteristicof the drift. The supply is, of course, limited, and is dec.reasing, requiring the digging of more and deeper wells.
Probably the best source of water in this vicinity, quality and
quantity both considered, is the layer or layers of Pennsylvanian
sandstone which outcrop extensively in Competine creek valley
on the east side of town and also in Whitebreast creek on the
wes,t side. This sandstone is the source of good wells on all
sides of Knoxville but it ;seems to die out abo'u t three miles
west of town; at least it is missed from sev,e ral wells in that
direction.
'T his sandstone is from 10 to 40 feet thick, light blue to white
in color, and bears some concretions or bands of iron sulphide.
It is frequently dry above, but near the base at depths of 170
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to 210 feet contains water, which rises within 90 to 120 feet
of the surface. It is a very good stock water, and many wells
drilled for this purpose are also used for domestic purposes and
are as a rule very satisfactory. The water -is rather hard, but
in only a few places is r,e ported mineralized. Wells drawing
their supply from this bed are not' exhausted by the windmill
and horsepower pumps in ordinary use on the stock farm,s.
Where the sandstone is not found or where its waters are
unsatisfactory on account of excess of minerals, the Mississippian "white water sand rock" may be found at depths of 250 to
350 feet, underlying a bed of heavy limestone. This granular
white sandstone may also be found dry above, but it contains an
abundant supply of water toward the base. Though hard and
frequently of strong mineral taste, it is a good stock water.
In coal-prospect holes about Dallas a heavy lens of sandstone
is found below coal seams 180 to 220 feet below the upland and
80 to 100 feet below the Whitebreast creek bottoms. This will
probably prove a helpful source of supply for farm wells where
the shallow wells prove unsatisfactory. As yet, 20 to 40-foot
wells in drift are in general use. Near Gosport and Attica coalprospect holes to a depth of 150 to 2f)O feet show little sandstone and slight water. A -dry well 210 feet deep has been
drilled in the northern edge of Attica, but at depths of 250 to
350 feet the sandstone immediately below the upper limestone
of the Saint Louis produces some excellent wells. Bor,ed wells,
10 to 40 feet deep are common about Marysville, Bussey, Tracy,
and Hamilton, and in the latter place some are flowing. At
Harvey 10 to 15 foot sand points are common along Des Moines
river and English creek bottoms.
SPRINGS.

Springs, though fairly common in outcrops of Coal Measures
along the borders of the chief valleys, are generally so slight
in flow as to be of no importance. The cov,e r of the drift forms
boggy places rather than springs,. Among the best known in
the county is one known as the Mineral Springs, located 1%
miles northwest of Hamilton on land owned by M. D. Flanders
(sec. 27, T. 74 N., R. 18 W.).

,

,
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Flagler.-The S. C. J obnson well has a depth of 752 feet and
a diameter (at top) of 4 inches; casing of iron, cement, and tile
to 51 feet. The curb is ' 745 feet above sea level. Water comes
from depths of 320 and 626 feet, discharging at the rate of 1112
gallons per minute.
Record of strata in deep 'WelZ at Flagler.
j'l'hiCkness.jDePth.
Pleistocene:
Olay ____________________________________________________________________________ _
Sand _________________________________________________________________________ _
Oarboniferous (Mississippian):
'
'Undifferentiated
Limestone _____________________ ________ _____________________ _______________ _
Shale, sandy _______________________________________________ _____________ _
Sandstone _________________________________________________________________ _
Limestone ________________________________________________________ _
Magnesi an limes tone ___________________________________________________ _
Limestone ______________________________________________________________ _
Shale, sandy ___________________________________________________________ _
Limestone ______________________________________________________________ _
Shale, sandy _____________________________________________________________ _
Limestone _________________________________________________________________ _
Shale, sandy ____________________________________ ________________________ _
Limestone _________________________________________________________________ _
Rock, hard, white _______________________________________________________ _
Limestone _______ ___________________________________________________________ _
Kinderhook
stageShale, sandy
_________ ____________________________________________________ _
Devonian:
Limestone ______________________________________________________________________ _
Shale, sandy _________________________________________________________________ _
Limestone __________________________________________________________________ _
Do. __________________________________________________________________________ _

Feet

Feet
5
12
28
6

72

5
17
45
51
123
180

7
13
10
7
25
6
3
4
93
1
162

153
160
185
191
194
198
291
292
454

72

526

64
31!

590
621!
687
752

65~

CIS

143

Knoxville.-The public supply of Knoxville (population,
3,190) is owned by the city and is drawn from Whitebreast creek
and its underflow at a point about 2% miles west from the city.
The intake is a timbered tunnel cut through shale under the creek
bed for a distance of 85 feet and filled in with broken brick. The
tunnel drains into a large well 22 feet deep. A Knowles steam
pump, capacity 500,000 gallons a day, forces the water through
an eight-inch pipe to the city into an open reservoir, the capacity
of which is 10,000,000 gallons. An electrically driven Gould
triplex pump with a capacity of 1,000,000 gallons pumps the '
water fo'r general use from the reservoir into a 100-foot standpipe with a capacity of 96,000 gallqns. For fire purposes direct
pressure is resorted to, a reserve steam pump of 1,000,000 gallons capacity being brought into use. The ~upply secured in
this way is ample for fire protection, but the impurity of the
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water at 'the source is such as to render it generally unsatisfactory for domestic use.
Pella.-Near Pella (population, 3,021) the drift is the chief
source of supply for domestic purposes, though a number of
wells go 200 to 300 feet to the Coal Measures sandstones and' a
few probably to the lower sandstone, which, however, affords
only a scanty supply of highly mineralized water. On the bottoms of both Des Moines and Skunk rivers and their larger tributaries sand points driven a few .feet frequently produce quHe
satisfactory wells.
In 1895-6 the city of Pella drilled an 1,800-fo'ot well. (See
PI. XIII, p. 626_) Water was first found in the drift at a depth
of 150 feet and rose within 100 feet of the surface, close to
which it has remained ever since, as in other good wells in the
vicinity. Other water-bearing beds were found from 1,300 feet
to the bottom in the Galena, Platteville, Saint Peter and Oneota
formations. The supply from the latter formations was found to
be insufficient. Tubing has been put down to a depth of 1,200
. feet, but the amount of min.eral matter present makes it probable that the water is at least partly from the COlal Measures.
Analysis shows that it -contains 9,116 parts 'per million of solids
and is so highly mineralized that it is totally unfit for domestic
or manufacturing or boiler purposes. The ·only uses, to which
it is put are sprinkling the streets and :fir,e protection, for which
purpose it is raised by a direct pump operated by a 10-horsepower gasoline engine (capacity 120,000 gallons) to an elevated
tank with a capacity of 63,000 gallons. The original pumping
capacity was 250 gallons a minute; present capacity, 50 gallons.
Date of completion, 1896. Drillers, J. P. Miller & Company of
Chicago.
The capacity of the lower water beds was tested by inserting
a three-inch pipe with rubber packing at base 126 feet above
the bottom of the well; through this pipe but one-half as much
water could be drawn as on previous tests. Unfortunately no
test of quality seems to have been made of the lower waters
when thus separated.
I
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Record of strata in city well at Pella (Pls. VIII, p. 420, XIII, p. 626, XIV, p. 660).
'rhlck- jDepth.
ness

!

Q~u~a~t~&=n~ary~'(~I35~~fe~e~t-t~h~i~CkL-~,~t~o~p-,'~~~f~ee~t~a~b~o~v-e-s-e-a~w~v~e~I)~:--------------------7~~~
Humus _______________________________________________ ______________________________ _ Feet

Tlll, yellow, mottled with gray; clay ~redominant ingredient; ocberous
nodules; calcareous ______________________________________ ________ _________ _______ _
Till, blue, dense, tougb, calcareous ____________________________________ ______ ___ _
Sand and gravel; pebbles mostly buff, Impure limestone and greenish and black
siliceous clay stone; a fragment of coal and one of fossil wood _____________ _
Oarbonlferous:
PennsylvanianDes Moines stage (195 feet thick; top, 733 feet above sea levelOIay,
yellow-gray,
sandy; a few smail pebbles and fragments of_
gray dark,
unctuous
shale _________________________________________________
Sal)d, very coarse; fragments of gray and black shale_________________ _
Gravel, coarse; up to 5 centimeters in diameter; surfaces stained with
ferric oxides; In a matrix of black ferruginous clay or shale. Pebbles: greenish black, argillo-siliceous. 22; clay ironstone, 13; flint ,
6; limestone, 6; jasper and quartz, 6; sandstone, 2. ________________ _
Shale, black; gravelly at 235 to 245 feet: fissile and gravelly at 272 feet.
Pebbles
at 272:
Limestone,
9; green
argif.lo-siliceous, 6; flint, 12; red_
and
yellow
jasper,
3; 5 samples
_______________________________________
Shale, dark gray ______________________________________________________ _
Shale, hard, black, finely laminated, pebbly; 2 samples ______________ _
MIssissippi anSaint Louis limestone and Osage stage (270 feet thick: top, 538 feet above
sea level)Limestone and sbale; in bluish gray concreted arglllo-caicareous powder;
fragments
light gray
limestone, some chalcedony,_
a few quartz,
minute and
drusy
quartz of
crystals
____________________________________
Limestone; In fine cream-colored powder_______________________ __
Limestone and shale; In concreted powder; washing discloses gray limestone sand,
discs blue-green
of crinoid shale
stems,
chalcedony, white chert, and_
particles
of hard
____________________________________
Shale, blue, highly calcareous__________________________________________ _
Shale, blue-graY, Slightly calcareous ______________________________________ _
and limestone;
light blue-gray arglllo-calcareous powder;
some_
'Shale
limestone
and chertIn _______________________________________
.___________
~

Limestone and shale; in light blue-gray, arglllo-calcareous powder; some
limestone and chert -----------------------------------------------------Shale
above; some fragments
of dark_
gray and
flint limestone;
and a few In
of powder
llmestoneas________________
• __________________
Limestone (1); highly arglllaceous calcareous powder; many chips of
blue and gray fiint, a few of light yellow-gray limestone, and some of
sh ale ______________________________________________________________________ _
LImestone; chips of blue and gray fiint, drusy quartz, chalcedony, blue
shale, and many cblps of earthy buft limestone ___________________ _
Limestone,
' yellow-gray; in sand,
with arglllaceous powder; some_
____________________
___________________________________
cbalcedonylight
Kinderhook stage (125 feet tbick; top, 268 feet above sea level)Sbale, green, fissile; some drab _______________ __________________ ____________ _
Shale, green , somewbat calcareous; in molded masses _____________________ _
Devonian and Silurian (420 feet thick; top, 143 feet above sea level): ,
Limestone, nearly white, soft : eartby luster; rapid effervescence _____________ _
as ___________________________________________
above, with sand of hard brownish gray
magnesian limestone_
Limestone:
or dolomite
: __________________________
Limestone, magnesian, Ilgbt brown, coarsely crystalline, close textured;
fragments
of selenite noted; residue dark brown,_
effervescence
a few
argillaceous; slow;
4 samples
_______
____________________________________________________
Limestone, soft; In part cbalky; effervescence rapid _____________________________ _
gray-brown, magnesian; ~ome "clod" sbale of same color,_
LImestone,
______________________________________________________________________
2 samples light
gray,
crystalline, highly cherty; drillings rusted so as to ap-_
Limestone,
pear buff light
In mass
________________________________________________________________
Limestone, blue-gray; In large fiakes ___ ____ ______________________________________ _
light brown-gray and gray; at 860 a few crystals
of selenite; 4_
Limestone,
----___________
samples ______________________________________________________

6

54
50

60
11t1

25

135

55
2

l!1'l

8

19.

90
:I

2f!fl

43

380

15

345

SO

876

25
5
15

400

191J

385

4()5

420

30

450

10

460

20

tal

30

510

5

515

85

600

100
25

700
725

~

Marl; gypseous; In gray-white, concreted powder largely of gypsum; some
limestone, argillaceous matter, and mfcroscoplc crystals of quartz; 2 samples
gray,
mottled
witb dark drab; in large flaky chips; numLimestone,
Iigbt of
erous crystals
selenlte
______________________________________________
_
Dolomfte, hard, gray; in chips; 2 samples ____________________________________ _
Marl, gypscous, or gypsum; in ligbt yellow, nearly wbit·e powd&, concreted
Into tough masses; breaking witb smootb, slightly concboldal fracture; friable
wltb dlf1Jculty; In acid does not dis aggregate, though Slightly calcareous;
under tbe microscope anhydri te is seen to be an Important constituent an<l
some pyramidal crystals of quartz are observed _______________________________ _

Feet

6

10

735

10

745

55
20

820

800

20

840

10
10

850
860

30

890

35

925

10
20

985
955

15
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Record of strata in city well at Pella-Continued.

\
Shale, blue·gray, strong?y calcareous; 2 samples___________________________ _
Limestone, magnesian, light brown, crystalllne______________________________ _
Limestone
and ________________________________________________________________
shale; Jfmestone gray, eartliy, pyritiferous; shale. lfght green,_
fossfllferous
Limestone, magnesian, Ifght brown, crystalline__________ L __________________ _
Limestone, mottled gray, crystalline, highly gypseous___________________________ _
Marl, gypseous; some light gray Impure limestone and shale________________ _
Marl, gypseous; 4 samples; at l!,1'1O feet a few thin flakes of limestone____ _
Limestone, magnesian, buff, gypseous ___________________________________________ _
Limestone, earthy, soft, gypseous, light gray, In lIaky chlps _________________ _
Dolomite, ligbt blue·gray, hard; Irregular fracture, microcrystalline; 2 samples
Ordovician:
-Maquoketa sbale (190 feet tblck; top, 277 feet below sea leveJ),
Sbale; green, green-gray, drab, and sllgbtly purpllsb; slfgbtly calcareous
or non-calcareous; hard and !issUe; 4 samples ____________________________ _
Sbale In motded masses, drab, somewhat calcareous; line dolomitic sand
Galena and Platteville limestones (350 feet thick; top, 467 feet below sea leve)Dolomite; gray, crystalline, cberty; in line sand; 4 samples_____________ _
Limestone, ratber soft; much gray tlfnt and a little brown bituminous shale
Limestone, magnesian; In IIgbt buff sand; 2 samples _____________________ _
Limestone, soft, white; effervescence rapld __________ _________ -----------Limestone, magnesian, yellow-gray ______________________________________ _
Limestone, ligbt brown, crystalline; effervescence rapid; 2 samples_________ _
Limestone, magnesian, buff, crystalline ____________________________________ _
Dolomite, cream-yellow, buff, and brown, mostly cberty; residue after
digestion In acid microscopically arenaceous or quartzose In several
samples; chert usually pyrltlferous witb embedded crystals; 11 samples
of dark brown
bituminous_
Limestone,
brown, _________________________
cherty; some small chips
_________________
__ ______________
shale; 2 samples
Limestone, magnesian,
with hard, slaty, blue·green sbale_
Limestone,
magnesian, gray,
light crystalline,
buff ________________________________________
Limestone, gray, eartby, crystalline; rapid effervescence; 2 samples _____ _
Saint Peter sandstone (15 feet thick; top, 817 feet below sea leveJ)Sandstone, clean, white, quartz sand; 2 samples__,______________________ _
Prairie du Ohlen stageShakopee dolomite (60 feet penetrated; top, 832 feet below sea leveJ)Dolomite; drillings
blghly arenaceous, cherty, gray, and buff; 8 samples_
Dolomite,
buff ______________________________________________

Thlck-IDeJJtrr.
ness
Feet
45
11

Feet
1,015
1;026

19
5
5
25

7

1,045
1,050
1,055
1,080
1,130
1,185
1,188
1,145

115
75

1,260
1,835

90
10

1,425
1,435
1,455
1,4ro
1,465
1,475

50
5
3

20

5

5

10
5

1,480

118

1,598

22
20
15
35

1,615
1,685
1,650
1,685

15

1,700

40

1,740
1,760

20

'.

Pleasootville.-The entire water supply of Pleasantville,
(population, 691) comes from sheets of sand in the drift at a
depth of 20 to 35 feet. Two dug wells on the corners of the public square are used for drinking and afford the 'only means of fire
protection. In the country a few stock wells are drmed 200 to
250 feet to sandstone.
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WELL DATA.

The following table gives data of typical wells in Marion
county:
Typical wells of Marion Oounty.
.>I

b.

...

UJ

0
0

Owner

£

Location

.d

...,

Po

T. 75 N., R. 21 W.
(Franklin) .
Feet
J. Watklns ______ SE.; sec. 25____ _ 87

...0

~~

'"

'0.,
0
...

00

~::
~

"'-

0","

00

. ..,

Remarks:
(Logs given ill feet)

",,0

PJ.o

Feet
Feet
75 Des Moines ________ _

T.74 N., R.19 W.

(Indiana).

J. Louden ______ NW.; sec. 23___
Thos. Oral~ _____ SE.t sec. 6_____

105
846

J. K. Oathcart ---- NW.; sec. 28_:__
NWSW·t sNecW' 11_____
Frank Oaruthers ...
.; sec.

320
210 ______ Des Molnes__________ Dry.
8i Sandstone___________ Strong flow, 60 gallon.
155

SO Des Moines ________ _
260 Saint Louls ________ High hill.

Highly mIn
eralized
and salty.
Stock prefer It to
stream or pond water.

260 ____ do ___________ _

Saint Louis

33

per minute. SolI and
clay, J8; sand and
clay, 16; soft dark
shale, 2; coal, !J; me
dium soft dark shal..
28!: soft light shale, 7
limestone, 2; soft dark
shale, 2; BOft light
shale with limeston
bands, 12; hard lime
stone, seamy, 2; sof
light sandstone heav
ily water bearing a
base, 60; hard lime
stone, seamy, 5.

T. 74 N., R. 18 W.

(Liberty).

M. D. Flanders ____ SE.; sec. 25 ___ _
84
W. B. Spillman ---NW.t sec. 29___ _ 256

12 Des Moines __________ HIgh rIdge.
196 Saint Louis ___ ______ High rIdge.

Mineral.

T. 76 N., R. 20 W.

(Parts of Union
and Knoxville).
JOB. WorthIngton __ NE.; sec. 4_____ _

W. R. Myers ______ SE.; sec. 33 _____ _
David Horsman ___ Sec. 5
Do. -----___________ do

215

SO Saint LoUIs?

+ 18

17~

• ______ • _____ .. ___ .... . _

+ 87

Just before sand rOCK
occurs a hard , shelly
limestone. Flow began
in Des Moines and in·
creased in Saint Louis
Slightly mineral.
66 _______ Des Moines __________ Rapid flow 2!J feet from
bottom In tine, com
pacthole.
buff sandstone.
216 ___________ do ______________ Dry
191 _____ ..____ do _____________ _

T.77N.,R. 20 W.
(Red Rock; part
of Union).
S. D. Robinson __ - NE.i

6fn.

"4_.

River bottoms.
Flow
from cavity In rock.
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Typical wells oj Marion Oounty-Continued .

:5

'"
0)

~

0

0).0
......

0

'0'"

.E

Location

Owner

....

,;.

"";:"

0 0

0)

.d

Q.

"...0_

~

00

'"

.0"
cO"

",

",0

0'"

1Il,o

Remarks:
(Logs given in feet)

cO-

",'"

T.75 N., R.19 W.

(Part
ville).

of

Knox·

Walter Jenkins ____ SW.i\: sec. 8_____

171

72 Des Molnes__

P. M. Stentz ______ SW.:I; sec. 5______
E. W. DeWitt ______ SE.i\: sec. 19_____
Jobn SmIth ___ ____ W. ~ sec. 83____

169

16 ____ do ---___

Ohas. Bender ______ E.~ sec. 83_______
State Inebriate
Knoxville ________
Home.
S. O. Johnston _____ SW.i\: sec. 2___
of

752

(SaInt
. Louis).
17 De von I an

limestone.

Knox-

B. M. Long________
John Fee _________
John BrUltt _______
John Ken _________

rIver bot·

+ 10

Mineral artesian.

100 Des Molnes ________ _
NE.t sec. 18..___ 125
NE.i\: sec. 2____ 175 ------_ Sandstone___ - 60
SW.i\: sec. 29_____ 98 ____ Des Molne. _________ _
Sec. 14 _________
94 .---- ___ do _____________ Plenty of good water .

•

r.76 N., R.19 W.

(Polk ; part
KnoxvUle).

toms.

100
100 ------ ---- do --____________ Good well.
840
83 Sandstone__________ "Second well."

T.75 N ., R.20 W.

(Part
ville).

-110 Soft water;

- 80
178 ------- Sandstone___ - 85
253 about Des Moines ______ _

or

John Bush _________ SE. i sec. 31._____

m -______ Saint

Louls_

+6

Slightly mIneral.

T.75 N., R.18 W.

(Olay;
part of
Lake Prairle) _
___________________

miles west of
Tracy.
Brick and Tile Co._ Harvey
2~

185 -_________ do ___________ ___ Soft.
90

8 _____________

- 20

T.76 N., R.21 W.

(Pleasant Grove)_

Geo. Erb ___ ________ 4 miles southeast
of PleasantvIlle.
T.76 N., R.18 W.

2B3 _______ Sandstone ___
(SaInt
Louis).

-150 An excellent weD.

(Parts of Lake,
Prairie and OJay).

Pella Canning Co._ Pella ____________
Do. __________ .. ____ do
Light & Power Co. ____ do __________
Oentral College _______ do __________

250
300

160 _____________ . ________ Scant and soft.
290 Sandstone___ -125 Strong. bard and salt.

190 ______ _ Drift gravel.

299 _______ Sandstone___

-100
-150
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MONROE COUNTY.

BY HOWARD E. SIMPSON AND W. H. NORTON.

TOPOGRAPHY.

The topography of Monroe county is of the type characteristic
o.f the mature drift plain in southern Iowa. Being on the upland
between Des Moines and Chariton rivers, the most southerly of
the many parallel streams of Iowa flowing southeastward to
Mississippi and Missouri rivers, the plain is well dissected by
str,eams flowing irregularly out in all directions from the central
divide on which the county seat, Albia, is located. The maximum
elevation is approximately 1,000 fe-et above sea level on the divide at the center of the southern border of the county, where
the Iowa Central and Wabash railroads enter the county~ and
the minimum is about 680 feet above sea level where Des Moines
riv,e r touches the corner of the county at Eddyville. Creeks and
smaller streams are sufficiently numerous to give complete drain- ,
age, though none are of importance for other purposes. Only
the largest, Cedar creek, which truncates the northwest corner,
and its tributary, Coal creek, which drains the western half
of the county, are mature enough to· have the broad well-dev.eloped flood plains characteristic of similar streams 'in Marion
and Mahaska counties. Des Moines river has a broad flood
plain seven-eighths mile in width and a much broader old preglacial valley which slopes very gradually to the upland level.
Its immediate tributaries are so steep as to produce a rather
rugged topography throughout the northeastern part of the
county. A small and unimportant part of the drainage of the
southwestern portion of the county flows into Chariton river.
GEOLOGY.

'T he surface deposit, except where it is removed by erosion, is
loess, which ,overlies a fairly thick mantle of drift. The drift
. rests upon the Des Moines stage of the Pennsylvanian series,

UNDERGROUND WATERS OF THE SOUTH· CENTRAL DISTRICT

975

except over a very small area in the no'r theast corner, where
Des Moines river and its tributaries, Grays and Mill creeks,
have cut through to the Saint Louis limestone (Mississippian).
The thickness of the Coal Measures (Des Moines stage) is probably 300 feet in the central part of the county, increasing to 400
feet in the southwestern part. The Carboniferous strata dip
gently to the southwest and slight 100al anticlines and synclines
are discovered in working for coal. There is a marked unconformity between the Des Moines stage and the Saint Louis
limestone.
UNDERGROUND WA.TER.
SOURCES.

Monr,ole county draws for wate~ on the alluvium, the Pleistocene drift, the Des Moines stage (Coal Measures), la nd the Saint
Louis limestone. As in other counties underlain almost entirely
by the Coal Measures, the waters from shallow or moderately
deep wells are variable in quantity ,a nd frequently unsatisfacto'r y on account of an unpleasant mineral taste. There are no
distinct underground water provinces in the county.
Along Des Moines river in the extreme northeastern corner
of the county, lies a belt of alluvium one to two miles wide, and
along Coal, Cedar and AveTY creeks narrow bands of the same
deposit are found, in all of which water may be procured in the
sandy or gravelly layers by points driven a few feet into the
gro~d.

In the north-central part of the county near Buxton some
wind-blown sand occurs (:see p. 965). It is, however, little
utilized, and is of importance as a water bearer over only a
very small area.
The fine, yellow, clayey silt known as loess veneers all the
uplands in depths ranging from a few feet to 30 feet, thinning
out along stream valleys. It is so closely associ:;tted with the
underlying glacial drift that the two are here treated together.
The Kansan drift consists of yellow clay mingled with bowlders, gravel and ·sand above, passing into a more compact blue
bowlder clay below. The upper portion is stained yellow .and

•
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red by the oxidized iron compounds which have been leached
out, and the blue is the unaltered, un oxidized drift. F ,ew places
are known in which the drift is over 80 or 100 feet thick, and 70
feet is perhaps a fair average for the county. The drift is
. thickest in the southwestern par:t, where few wells penetrate to
the rock.
The water which supplies most of the ' county for domestic
purposes is procured from dug or drilled wells a few feet in
depth which open san'd pockets and small veins in clay. Ther,e
is, however, below the Kansan till sheet a heavy sand and
gravel layer :five to twenty feet thick, in places cemented into'
conglomerate, which rests directly on bed-rock. This somewhat
resembles the Aftonian grav~l and suggests an older drift.
The Coal Measures (Des Moines stage) are composed chiefly
of shales with irregularly bedded sandstones, b\lt in the northern part of the county their upper parts contain coal seams of
great economic importance. The shales are of no value as water
bearers and ,even the sandstones, which in places grade into limestones, are so variable, so inclosed in shale, and so permeated
with iron sulphate as to be of little value. A few local lenses,
however, yield v,e ry satisfactory water.
The Saint Louis limestone consists of a .compact, even-bedded
limestone ·20 feet in thickness overlying a Cloarse heavy-bedded
sandstone. The latter, which is ~nown as the "white water
sand rock," is seldom used in Monroe county, though it lies only
250 to 350 feet below the surface. NO' wells in the county go below this. One prospect hole, sunk by the Consolidated Coal
Company, is reported to have been driven down to 1,365 feet,
but no data concerning it can be secured.
DISTRIBUTION.

Shallow dug and bored wells and drive points penetrating
alluvial sands and gravels are common in the valley of Des
Moines river and its tribu,tary cr,eeks. On the uplands the sands
beneath the loess and the gravels beneath the drift furnish the
chief supply. A few wells on the upland south and west of Eddyville penetrate the Coal Measures and procure water at depths
ranging down to 220 feet.
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At Lovilia, drift wells 20 to 50 feet in depth furnish an abundant supply of water, and water from some bored wells even
flows away over the surface. The 50-foot wells draw their supply from the sands and gravels immediately overlying the bedrock sandstone.
Similar condit~ons prevail in the valleys of Coal and Cedar
creeks. On the upland divide, however, as at Weller, a good
supply of water is difficult to get, except with a boring machine
in low places or in wet s,easons. It is probable that good stock
. wells may be had by driliing 300 or 400 feet as at the place lof
Mr. M. A. 0 'Bryan, four miles southeast of Weller, where
slightly miner.alized water is secured from Coal Measur,es with
a head but 60 feet below the surface.
Underlying most of Albia (T. 72 N., R. 17 W.) and vicinity,
and immediately overlying the first vein of coal, is a bed of sandstone 25 to 60 feet in thickness. This is best known in the mining shafts three or four miles west about Tower, where it is so
abundantly supplied with water as to seriously interfere with
the working of the mines ,a nd to compel the closing of Slome of
the shafts. A :Eecond sandstone, ~oarse, gray in color, and 25
to 75 feet thick, lies betw,een the second and third veins of coal.
The water-bearing capacity of these lenses is well illustrated in
the abandoned shaft .on the farm of D. A. Noble (NW. % sec.
24, T. 72 N., R. 18 W.). The shaft, 113 feet deep and seven
by twelve feet across, was filled by water to a depth of 52 feet
in 24 hours on cessation of pumping. It is a matter of regret
that this supply was not more carefully inv,e stigated by the
town of Albia before it resorted to surface waters f,or its publicsupply.
At about 300 feet the hard, buff limestone of the Saint Louis
is reached, and this is immediately underlain by "white water
sand rock" 20 to 30 feet in thickness. The latter is said to contain, as usual, a plentiful supply for ordinary wells though it
would probably be insufficient for public supplies. One of the
few wells r,eaching this horizon, that of H. K. Runkle, two
miles north of Albia (NW. 1,4 sec. 10, T. 72 N., R. 17 W.), is
situated on a hill and is 456 feet in depth. At 95 feet the water
62
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horizon at the base ,of the drift was reached; another vein in
the base of the Ooal Measures was tapped at 350 feet; and the
"white water sand rock" was found at 440 feet. The water
heads about 40 feet below the surface and is not materially lowered by windmill pumping. It is reported to be a good stock
water.
On the uplands back of Melrose, in the southwest, many farm
stock wells are drilled to depths of 157 to 200 feet. In a 380foot well on the farm lQ,f William Bernard the Saint Louis limestone' was reached at a depth of 340 feet. '
At Hocking shallow bor,ed wells a few feet in depth are used;
some of them flow. Deeper drift wells on the upland secure
water over shale at the base of the drift at depths of 65 to 105
feet. Two miles Isouthwest, on the farm of M. J. McLaughlin,
a 250-foot well gives a good flow from Ooal Measures sandstone
at a depth of 180 feet.
At Foster the drift wells range from 20 to 65 feet. On the
upland to the northeast between Brompton and Avery many
drift wells 30 to 100 feet in depth have been sunk, and thongh
much sand is rencountered they are frequently dry. Artificial
ponds are generally used for stock water.
SPRINGS.

Springs are not uncommon in Monroe county and are generally found along the lower slopes of the valleys of the larger
cr,eeks, the water coming from the subloessial sands, the sands
and gravel underlying the drift, or the outcropping edges of
Cio'al Measures sandstone. They are little used except for stock
water, for which they are of value to the farmers, who frequently wall them in and pipe the flow out to a small tank.
The waters of many shallow bored wells on hill sides or slopes
of bluffs are led out through pipe or tile a few feet below the
surface into a tank placed on lower ground. This type of artificial spring or modified flowing wen provides good. cool pasture water at slight expense.
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CITY AND VILLAGE SUPPLIES.

Albia.-The public supply of Albia (population, 4,969) is
taken from an artificial reservoir formed by the damming of a
small stream. 'T he ponded water is pumped into a supply tank
and distributed' by gravity pressure through about six miles
of mains to 45 fire hydrants. A steamer is maintained to supply added pressure as needed. The water is not extensively
used for domestic purposes.
Owing to the difficulty of procuring satisfactory ground water, cisterns supply many houses with rain water. Dug and
bored wells, the ionly type used in the town, penetrate the drift
18 to 20 feet on the east side and 20 to 40 feet on the west
side of the city square. Bedrock of sandstone or shale is
reached at 40 to 70 feet.
A type section by Mock Brothers, 'well borers, is as follows:
Section at cilbia.

I

,I

Thickness Depth,

Olay. gray. (oxidized loess) ____________________________________________________ _
JoInt clay,
(unoxldlzed
loess);
subloesslal sands, water bearing_
Water
clay, blue
yellow
(often with
sandIncluding
layers) ________________________________
Clay, blue (Kansan) ____________________________________________________ _

Feet

Feet
16

16

8
6

24
SO

25

55

Bua;ton.-Buxton resorts chi,efly to very poor cistern waters.
Two wells in the drift 28 to 66 feet deep yield a scant supply.
In the dry season of 1901 the people were supplied almost
wholly with water brought fr.om Des Moines river in tank cars.
An eight-acre storm-water reservoir supplies a poor quality of
water for the mining companies, machine shops, and heating
plant. At No. 14 shaft, a few miles to the south, the air shaft,
145 feet deep, and the main shaft, 138 feet deep, have no water
except a slight amount fIiOm drift near the surface. At Riteman, shafts Nos. 3 and 4 are practically dry.
. Melrose.-The location of Melrose (population, 459), in the
valley of Cedar creek insures, a supply from shallow drift wells
10 to 30 feet in depth. One of 65 f.eet does not reach bedrock.
Springs are quite common, and a few of the wells overflow.
The best of this type is perhaps a bored well owned by A. B.
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Murray, which strikes a strong flow in gravel at a depth of 17
feet and delivers a constant two-inch stream "three feet above
the surface. This is used by many of the families of the town
for domestic supply. The Ohicago, Burlington & Quincy Railroad procures a supply from the creek. A system for fire protection is proposed, and this can no doubt be procured at comparatively small cost from springs Qr shallow wells.
No. 10 Junction.-The' tra,ck well of the Ohicago ' & North
Western Railway (NW. Ii.&, sec. 8, T. 73 N., R. 17 W.) has a
depth of 1,345 feet and a diameter of 10 inches to 340 feet, 8
inches to 586 feet, 6 inches no, bottom; casing to 195 feet. The
curb is 895 feet abov,e sea level. The tested capacity is 80 gallons a minute. The well was CO:Qlpleted jn 1901 by S. Swanson
of M~eapolis.
Driller's log

01

railway wen at No. 10 Junction.

I

ThICkness. !DePth.

Earth ______________________________________________________________________ _
Sandstone __________________________________________ _____________________________ _
LImestone _____________________________________________________________________ _
Sandstone ______________________________________________ ____________ _
LImestone _____ ________________________________________________________ _
Shale _________________________________________________________________ _
LImestone __________________________________________________ _
Shale _____________________________________________________________________ _
LImestone ___________________________________________________________________ _
Shale ______________________________________________________ -________________ _
LImestone ___________________________________________________________________ _
Shale ___ _______________________________________________________________ _
LImestone _________________________________________________________________ _
Shale ______________________________________________________ ------____________ _
LImestone ______________________________________________________ --------------Shale ______________________________________________________---------------Sandstone ______________________________________________________ ---------------Shale ______________________________________________________ ------------Sandstone ______________________________________________________ --------------

Feet

Feet
127

7
87
11
29
14
812
9
5
147
78
52
93
40
1~

75

18
11
15

127
13'
221
232
281
275

587
596

601
748

82e
878
971
1.011
1,025
1,301
1,319
1,330
1,345

The Saint Louis limestone and 'Osage stage seem to extend
to a depth of 587 feet (308 above sea level) arid the Kinderhook
stage thence to 748 feet (147 feet above sea leVlel). The Devonian and Silurian beneath can not be distinguished in the
alternating shales and limestones of the log. The heavy shales
fl'lom 1,026 to 1,301 feet may be the gypseous marls found in the
Silurian of the region; and the sandstones at base, from which
the water is probably derived, appear equivalent to the Silurian
sandstones of southeastern I;owa.
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WELL DATA.

The following table gives data of typical wells
C!(}unty:

ill

Monroe

TyptcaJ wens 01" Monroe County•
".
<)

...
0

Owner

Location
.d

1>.
.,
A

T. 72 N •• R.17 W.
(Troy).
Dan O'Hare _.:.. ___ SE.l sec. 18____

.£
il

.,"'"

A

...0

b.

.,.0

c;'"'"

.,<)

~

...

0'"
.0<)

...
,,-

~

0","

rI.l

Feet Feet

oil!:
",, '0

Remarks:
(Logs given ib feet)

~~
1Ij.o

Feet

1SO _____ Sandstone___________ Strong.

(Des MOines)
H. K. Runkle ______ NW.l sec. 10____ 456
95 Sandstone___ - ro SlIgbtly mineral.
(Saint Louis)
bed at 4ro.
T. B. Dotts _______ NW.l sec. 16____ 290. ___________________________ No water.

Water

T.71 N .• R . 19 W.
(Jackson).

Wm. Bernard ____ SW.l sec. 9_____

880 _____ Sandstone__________ Abandoned on aeeount
(Saint Louis)
of lost drill. closing

bole.

T.72 N .• R. 19 W.
(Wayne).
M. A. O'Bryan ____ NW.l sec. 2____

860

James Smltb ____ NE.l sec. 22____

280

so

Sandstone____
(Saint Louis)

125 Sandstone____

(Des MOines)

James Foley ______ SE.l sec. 9_____ .____
T.73 N .• R.17 W.
(BlulI Oreek).
James Gray _______ NE.l sec.
r.71 N •• R .17 W.
(Monroe).

2~

N. J. McLaugblm __ SE.l sec. ('-____

125 ____ do ______ ______

250

ISO Sandstone____

+

188 Sandstone____
(Des Moines)

+ 15

(Des Moines)

NE.~

- 60 SlIgbtly mineral. Drift.
SO; Des Moines. 225;
limestone
( S a I !l t
Louis), 45; sandstone
(Saint Louis). 10.
+ 5 Flowing well.
Do.

___ _ 220 ______ Sandstone________ • Abandoned on account
of scant yield.
(Des Moines)

T. 78 N .• ·R. 1(1 W.
(Pleasant) •
Grant Cowley ______

.

sec. 11.___

192

2~

Fine flow. 1-lncb stream.

Strong mIneral 1!ow.

.f
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RINGGOLD COUNTY.
BY O. E. MEINZER.

TOPOGRAPHY AND GEOLOGY.

The streams of Ringgold county flow southward through deep
valleys that are separated by dissected ridges and plateaus
whose general altitude is slightly more than' 1,200 feet above
sea lev;el. The bedrock lies essentially below the valley levels
and is mantled with a thick accumulation of glacial and associated materialiij' out of which the valleys have been carved. The
glacial drift comprise'S very dark clay at the bottom (perhaps
Nebraskan) and yellow gravelly clay at the top (Kansan) with
layers ' of "hardpan" or beds of sand at intermediate positions
(perhaps Aftonian). Widely spread over the yellow gravelly
clay is a loesslike deposit, in few places 25 feet thick and averag.. ing much less, which is yellow at the top but ashy blue and plastic at the bottom and which throughout is very nearly free of
pebbles and grit. Upon the floors of the valleys a small amount
of alluvium has been deposited. The bedrock cons\sts of Upper
Carboniferous (Pennsylvanian) strata ·whose character is indicated in the following section condensed from the driller's
log of a drill hole on the farm of AI Dunsmoor, about two miles
west of Tingley, on ground intermediate between the upland
and valley l'evels :
Section near Tingley.

I

Thickness. Depth .

Bowlder clay ______________________________________________________________________ _
Sand _______ __________________ __ _________________________________________________ _
Olay, blue _______________________________________________________________________ _
Sand and e-raveL __________________________________________________________________ _
Drift ____________________ _________ _________ _____________________________________ _

Sand ____________________________________________________________________________ _
Clay _________________________________________________________________________ _
Shale, blue ______________________________________________________ -------------Sand __________________ ___ _______________________________ --_____________________ _
Shale, sandy __________________________________________________ __ __----__________ _
Sand ___________________________________________ ___________ -_ -------------Shale, blue ______________________________________________________ ------------------

Feet

Feet
12
13

12
25

20
2
2

45
47
50
62

7
40
45
86
5
30

69
109
164
190
195
225

13
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Section near Tingley-Continued.

IThickness IDepth
Potter's clay ____________________________________________________ _
LImestone (water bearlng) ____________________________ ,.;___ ,.;______ _
Shale; wlth 2·foot bed of IImestone___________________________ _
LImestone; wIth 2·foot bed of shale______________________________ _
Shale; wIth 1·lnch seam of coaL ________________________________________ _
Impure limestone __________________________________________________ _
Shale;
with several thin beds of limestone, sandstone, etc. ________________ __
Ooal _____________________________________________
FIre clay ___________________________________________________ _
Shale
(black, blue, gray, green, and red) ____________________________ __
Coal _________________________________________________________
Fire clay ____________________________________________________________ _
Shale; wlth thin bed of limestone ' and sandstone__________________ _

Feet

II
9

19
20

12

22
173

1

S

87

Feet

284
243

262
282
294

816
i89

i891
mli
579li

,i

584

'OJ

6241

580

UNDERGROUNDWATE&
SOURCES.

The underground sources of water in Ringgold county can"be
grouped as (1) alluvium; (2) weathered gravelly clay underlying the ashy plastic clay; (3) sand beds in the deeper parts
of the drift or at its bas1e (4) thin sandstone and limestone
strata interbedded with Pennsylvanian shales; (5) basal sandstone of the Pennsylvanian; and (6) lower sandstones and limestones.
l;

In the valleys the alluvium may furnish moderate amounts of
fairly good water. Below the undissected upland the weathered
gravelly clay contains a certain amount of good but moderately
hard water which it contributes slowly to dug lo r bored wells,
but on the ridges and valley sides this material may be dry. The
sand beds that occur in places in the deeper parts of the drift
generally yield ample and reliable supplies, but unfortunately
these beds "a re not found in all localities. 'T hey seem to be best
developed in the area west of West Fork of Grand river, where
they are tapped by a number of successful wells. Their water is
usually good, although rather hard, but some of it is mineralized
in much the same way as the subjacent Carboniferous waters.
Water-bearing seams of sandstone or limestone are almost invariably found when the ' drill penetrates the Pennsylvanian
strata to any considerable depth, but as a rule they are not an
important source of supply, for they yield but little water, and

\
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that is full of sulphates and other minerals. Here and there, however, seams are encountered which provide rather large amounts
, of water of fairly good quality except that it is rich in sodium
sulphate and therefore has at least a mild cathartic effect when
used for drinking. Very few wells in this county have entered
tIle Pennsylvanian strata. So far as known, the basal sandstone
of th9 Pennsylvanian has nowhere in the county been reached
1,y 1.he drill; something, however~ eau be inferred as to its occnrrence and character as a wat~r-bearing- formation from the
deep well at Leon, 14 miles east of the .Decatur county line, in
which it was found between 635 and 79:~ feet, and from the deep
well at Bedford (Taylor county), about an equal distance to the
west, in which it was found below 1,180 f~et. At Leon the yjeld
is moderate, the head low, and the quality fairly good except
for large amounts of sodium sulphate.
CITY AND VILLAGE SUPPLIES.

At present there is no system of public waterworks in the
county, a deficiency due no doubt in part to the difficulties of
procuring an adequate supply. In view ,of the results obtained
with deep wells in adjacent counties, drilling into the rock formations must be considered of doubtful expediency and should
at best be .viewed as a last resort, but every village can afford
to prospect thoroughly the glacial drift and other unconsolidated
deposits above the rock before being content with surface water
or seepage from shallow wells. If, howeV'€r, no satisfactory bed
of sand or gravel is found in the drift, it may be possible to
develop a sufficient supply by boring a large number of wells
into the surficial layer of drift.
SUPPLIES FOR STOCK FARMS.

On most farms plenty of water can be obtained for ordinary
purposes, but on some, especially the larger stock farms, the
lack of it has been severely felt and much unsuccessful boring
and drilling has been done. On farms adjoining the principal
valleys supplies can usually be obtained from streams or
springs, or from shallow wells in the alluvium. In some upland
sections satisfactory supplies are found in deeper parts of the
drift, but in others s,eepage from the upper part of the drift
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seems to be the only available source o-f water, and the amount
of this seepage is in many places exceedingly small. In the
past too much reliance has been placed upon a single shallow
well or on isolated wells of this kind. A better method is to
bore a series of shallow wells of large diameter close enough
together to be connected with pipes at the bottom and thus drawn
upon simultaneously by a single pump and windmill. (See p.
947).
On the farm lof B. F. Talley (NW. 1~ sec. 12, T. 69 N., R. 31
W.), about two miles southwest of Diagonal, a well was bored
to a depth of 147 feet, passing through 125 feet of drift and 10
or 12 feet of loose yellow sand, and ending in black "sand"
which contains pieces of wood, twigs, etc. The water, which is
corrosive and apparently impregnated with a small amount of
gas, rose within 57 feet of the surface. Other wells of this
character were reported in the western part of the county. On
the farm of G. W. Bentley, in the same section as the Talley
well but on a creek bottom perhaps 65 feet lower, water flows
from a hole 88 feet deep. Another flow was obtained on the
farm of A. Harris, in the creek valley about two miles east of
Benton. . This well is only 30 feet deep, but is said to yield
copiously.
WELL DATA,

A number of wells a few hundred feet deep, at least. some
of which enter bedrock, have been reported_ · Analyses (p. 201)
of the water from the wells of L. Myers and Robert Hall, both
south of Kellerton, show a large content of mineral matter, especially of sodium sulphate. Approximately at the west margin of sec. 3, T. 68 N., R. 29 W., 2% miles east lo'f Mount Ayr,
in a valley just south of the railway, a hole was at one time
sunk into the Pennsylvanian strata for the purpose of prospecting for coal, and a weak flow of water was robtained.
At the village of Diagonal both railway companies maintain .
locomotive supplies. The Chicago Great Western well is in
the valley about 1,088 feet above sea level. It is 12 £eet in
diameter and 36 feet deep and is walled with stone. Its water
level and yield vary somewhat with the season. The records at
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the pumping station show that it furnishes an average of about
35,000 gallons a day, and that on certain days it is required to
furnish as much as 60,000 gallons, which, however, approaches
its maximum capacity, especially in dry seasons.
In Mount Ayr a well was at one time sunk for the municipality to a depth of about 300 feet, where a water-bearing bed of
sand was discovered. Because 10£ difficulty with the sand or
for some other reason, this well was never finished.
UNION COUNTY.
BY HOWARD E. SIMPSON.

TOPOGRAPHY.

Union county lies on that branch of the great divide that separates the southea;sterly flowing waters of Grand river from
those which flow southwesterly through the branches of Platte
and East Nodaway rivers. The crest of the divide runs southward through Spaulding and Creston. At Creston the Chicago,
Burlington & Quincy railroad attains an elevation of 1,312 feet,
a rise of 261 feet from Afton Junction. By a peculiar adjustment of the drainage lines the entire run-off passes into the
Missouri-that of the ,e astern slope through Grand river and
that of the narrower western slope through Platte and East
Nodaway rivers'.
The surface is a slightly rolling drift plain. Maturity is
shown by the absence of ponds and undrained areas, by the
~ompleteness of the drainage, and by the presence of the numberless small intermittent tributary streams. On the east, especially about Afton Jnnction, the plain is more dissected and
broken.
GEOLOGY.

'T he country rock beneath the surface of the county belongs
to the Missouri stage of the Pennsylvanian series, 'a nd consists chiefly of limestones, shales, and some beds of sandstone
and seams of coal. Above these rocks, though separated from
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them by an unconformity indicating the lapse of a very long
period of time, lie the loose, unconsolidated deposits of clay,
sand, gravel, and bowlders known as the drift. This averages
. from 100 to 250 feet in thickness and is chiefly of Kansan age.
Beneath the Kansan till, and separated from it by a heavy bed
of gravel known as the Aftonian, from its discovery in the railway cuts west of Afton Junction, is an earlier till known as
the Nebraskan drift. That this older 'd rift is present throughout the greater portion of the county at least is shown by the
presence within the drift of a very persistent gravel bed corresponding to the Aftonian, by the presence of old forest or
soil deposits, and by peculiarities of the basal till, showing differences in composition and age.
.
Above the drift everywhere except on the bottoms of the deeper valleys lies the light yellow plastic clay, known as the loess.
It is generally free from pebbles, but contains numerous white
calcareous concretions. Widely associated with the lower layers
of the loess is a sticky, black plastic clay called gumbo.
In all stream valley bottoms a deposit of alluvium has been
formed, chiefly frlom the wash of the loess, gumbo, and drift.
The alluvium is thinner and of less importance in Union county
than in other countieS! of southwestern Iowa that are farther
from the divide.
UNDERGROUNDWATE&
SOURCES.

The chief shallow-water beds of the county are the 'alluvium,
the loess, the Kansan till, the Aftonian gravel, the Nebraskan,
and the limestone of the Missouri stage. All of these except
the Aftonia.n gravel, which is one lof the best aquifers in Iowa,
are frequently unsatisfactory or insufficient.
Sufficient quantities of sand interstratified with silt are found
in the alluvium of some of the larger tributaries of the Grand,
ill the southeastern portion of the county, to allow the use of
drive-point wells, which, however, are not common.
The seepage at the base of the loess, especially where it
overlies gumbo, supplies many shallow wells for domestic use,
but the quantity is meager and uncertain.
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The upper portion of the Kansan till usually contains much
gravel and sand and these frequently supply sufficient water
for many shallow wells, so that this horizon, together with the
sandy base of the loess, is known as the "first water." A few
wells' find sand .pockets in the Kansan till; the water from these
is excellent in quality but is very variable in quantity, frequently failing altogether in dry seasons.
The Aftonian gravel, lying between tl),e two till sheets, forms
the best aquifier of thi~ portion of the state, and its water i::;
generally known on the uplands as the "second water." It is
usually pure, wholesome, and abundant. In the valleys, owing
to the absence of loess, the Aftonian is in many places the first
water bed reached. The depth to it ranges from 30 to 200 feet.
WhereV'er the' gravel outcrops it forms a hodzon of strong
springs. A good illustration is found on the farm of John Leininger, 2% miles north of Mton, where a powerful permanent
spring flows from the base of a hill in which the gravel outcrops. ' In some places water from the Aftonian is r:endered
disagreeable and impotable by the presence of decaying or,ganic matter of old soil, peat, and forest beds.
A "third-water" horizon is found in beds of sand and graV'el
in the base of the Nebraskan drift, immediately above the bedrock. This usually lies at depths of 100 to 200 feet, but ' its occurrence is uncertain; p;obably in many places the Aftonian
gravel rests immediately on the bedrock.
The country rock, composed as it is of thinly bedded limestones and · calcareous shales, is not a good water carrier, its
supply being small and its water hard and locally ·mineralized.
The great thickness of the drift also makes it an expensive
source of supply, and it is not resorted to when it is possible to
obtain water from the upper beds. If the supply is insufficient
after deep drilling, it is advisable, before abandoning the well,
to .try "shooting" with nitroglycerin and puncturing the casings opposite higher beds, in order to combine the supplies. '
Because of the scarcity of good ground water at orllinary
depths on the higher uplands of the county about Creston and
Spaulding, many of the larger stock farms r:esort to ponded
storm waters.

UNDERGROUND WATERS OF THE SOUTH-CENTRAL DISTRICT

989

The folliowing composite section, from descriptions given by
well men, shows the relations of the several water beds:
Composite well section about Oreston.
Thickness in feet.

Soil, black .......•................•....•.. :........... 1· 3
Loess; Ught yellow clay containing calcareous concretions 10- 20
Kansan till:
Yellow gravelly clay, containing numerous sand
and gravel beds; water bearing (first water).... 2· 6
Blue bowlder clay, compact and hard ...........•.. 20-100
Aftonian; sand and gravel, yellow and coarse; heavily
water bearing (sacond water).................. 2· 5
Nebraskan till:
Yellow, hard and gravelly ...••....•....•••.•••••• 10- 20
Blue and black, pebbles, and bowlders •..•...•.••• 20- 40
Sand and gravel, water bearing (third water).......... 2- 4
Shaly limestone.

The upper portion of the Aftonian in many wells shows soil,
peat, or forest beds, and the upper portion .of the shaly lim~
stone at the base of the section is often broken into a coarse
rubble, mingled with :r:e:sidual 'gravel and soil and characteristic gee st. The thickness of the drift at Oreston is replorted tobe 260 feet.
SPRINGS.

Strong springs are numerous along the valley sides in the·
broken portion of the county. . The Aftonian gravel, lying as it
does between the till sheets, supplies one of the best springhorizons in Iowa. Little use is made of these springs, however,
except as stock water, and even then they are rarely walled up·
and piped, but are simply permitted to flow, forming Ir..ore orless of a bog in many cases.
CITY AND VILLAGE SUPPLIES.

Afton.-The public supply of Afton (population, 1,014) con- ·
sists of fiv,e wells on the town square, ranging from 25 to 40,
feet in depth. All are likely to fail in summer, except ilie 40foot well, which usually contains 20 feet of water and is permanent.
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A well at the creamery, in the northwestern portion of the
town, is 365 feet in depth and reaches bedrock at 173 feet. It
obtained abundant water in a gravel and sand layer in the
drift a few feet above bedrock. The water was to'o hard for
boiler use. Later the well was abandoned on account of clogging by mud and fIDe s'and. The log follows.
Log 01 creamer1l wen at .Alton.

I

Thickness. [DePth.

Feet 68 Feet'5S
Clay, yellow, and . soil ________ J______ ______ _______________________________________
Olay. blue ___________________________________________________________
ll6
178
"Sandstone" (probably cemented sand and gravel)___________________________
4
177
Sand and gravel, ftne______________________________________________________
1
178
Mud, blue and black________________________________________________________
8
181
Shale
and
..
soapstone"_______________________________________________________
184
865_
Limestone, hard ______________________________________________________________________________

An important deep well is that of C. C. Boys (SE. 14 sec. 11,
T. 72 N., R. 30 W.). This well is 671 feet deep and was loriginally drilled as a coal prospect hole. No good section or log
can be obtained, but it is known that bedrock was reached at
116 feet and the most important water bed fiound in a la-foot
bed of sand and gravel 46 feet above this, probably in the Aftonian. This was cased out until the prospect hole was finished;
it was then opened up for a well, which has furnished a large
and permanent :supply.
Creston.-The public supply of Creston (population, 6,924)
is drawn from an artificial lake about two miles long,about
one-half mile wide, and 30 feet deep. Similar though smaller
ponds are used by many farmers , about Creston to assure a
stock supply in summer.
Minor s,u pplies.-Most villages are supplied from shallow
wells 15 to 20 feet deep. About Afton Junction, Talmage, and
Thayer the Aftonian gravel lies within comparatively few feet
of the surface.
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WARREN COUNTY.

BY JOHN L. TILTON. .

TOPOGRAPHY.

The upland of Warren county is a well-dissected plain sloping from 1,088 feet above sea level in the southwestern portion
to 900 feet in the n')rtheastern portion. It is drained chiefly by
three streams, North, Middle, and South rivers, that flow toward
the northeast, with tributaries extending back t c all portions
of the upland.
GEOLOGY.

The Des Moines stage with its shale, sandstone, and coal un derlying all sections of the county, extends from near the surface to a depth of 250 to 300 feet. (See Pl. XVI, p. 814.) In u
few square miles only in the western half of Virgii"lia township
the Missouri stage with its limestone and shale overlies the
Des Moines. Between these Carboniferous strata and the overlying Pleistocene. lies a thin deposit of subglacial sand and old
!;oil, remnants of the old surface prior to the advent of the Nebraskan ice sheet.
'T he Nebraskan drift is a tough, impervious, bluish black tm
containing pebbles 10.£ greenstone, white quartzite, and light
colored granite. It is especially thick in the southern and western portions. of the county, where the Kansan drift is thin. 'rhe
sands and gravels (Mtonian) which oVlerlie the Nebraskan drift,
were largely derived from the erosion of this older till.
The Kansan drift is bluish black where not weathered and
yellowish where weathered, containing here and there fine sand
and minute pebbles. Among its numerous pebbles and bowlders red quartzite and greenstone are common, together with
dark decomposing granite. In some portions .of the county the
Kansan drift is but a f-ew feet thick; in other places it meaSllruS
at least 80 feet.
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The post-Kansan deposits consist in part of a yellowish and
a grayish loess, between which in some places lies a clayey deposit (gumbo), which appears to' be a loess modified by deposition in water . .
The different depths ,of drift make it evident that from the
southern and eastern parts of Jackson township a large buried
valley extends southeastward across Squaw township and northeastward across Jefferson township, with branches extending
eastward to near Indianola and northeastward to the southwest corner of Greenfield township. Another buried valley underlies the central part of Linn township, whence it extends east
into GreenfielO. township and also southwest and northwest. The
area covered with thick ~rift :&uggests an outlet to the northwest, but deeper preglacial valleys suggest an outlet to the
northeast through Greenfield township.
.
~~ERGROUNDWATE~

SOURCES.

In former years wells on the uplands very commonly ended
in a gumbo, or modified loess, which is found almost universally throughout the upland in the central portions of the county,
15 to 20 feet below the surface. During the drouth of 1894,
however, these wells were sunk beneath this deposit or its
yellow equivalent to a sand which is generally found next beneath. Wells. that are not over 30 feet deep are s'o' constructed
that they receive both the surface ground water and water
from the sand below.
At a depth of about 30 feet throughout the uplands and of
.somewhat less in the bottom lands lie deposits of sand and
gravel which are the cO:JTIIDon source of water supply throughout the county. In the central part of the county this depo~it
.is in part post-Kansan and in part gravel (with bowlders) left
after erosion of the Kans·a n surface. In other portions of the
county, especially the southern 'and western . parts, where the
. Kansan and all above it are thin, the sand is Aftonian. Along
the river valleys the thick deposit of sand penetrated by wells
12 to 18 feet deep is Aftonian.
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In the southern and western parts of the county wells 100
feet deep pass through the Nebraskan drift into preglacial
sands and soils. In general these preglacial deposits lie at
depths varying from the level of the streams to 60 feet below
this leveL In the upland, bored wells are ordinarily used, in
the river vall eys driven wells are very satisfactory.
T11e Simpson ('ollege well, whirll is 112 feet deep, ends in the
bottom of deposits of old ~( : il 25 feet rlp.ep. In testing this well
it was first puniped fOl' 49 hOllr~ at th e rate 10'£ ~40 gallons an
hour, t11e pumping lowering tile "Yah,!' 1 feet. This continued
pumping merely drainel1 away the surface water, for the water
rose thereafter withill 3D feet of the surface. In the final test,
after 17 hours of continuous pumpil)g with a four-inch pump
worked by a 21/~ hors epower gasoline engine, the water was
reduced to a level 99 feet helow the surface, the water toward
the last lowering very slo·wl:-'. Three days later it had risen
within 34 feet of the surface of the grourll1. The greatest quantity of the water came through t1 1e gra\ f'l at the base of the AftOI~.ian. The rest came in slowly from above . .
In the eastern half of the county the Carboniferous strata
lie so near the surface that they are penetrated by many wells.
Some of these extend into the Carboniferous for only a fOiot
or two, just far enough to form a basin to hold water that comes
in from the upper ia quifers. In some the water enters from the
shale. The wells that penetrate the shale more than a foot or ·
two are dug by hand or drilled, the shale being so dellse that it
is bored by a well auger only with extreme difficulty. The
general dryness of the shale makes such a formation one into
which it is not advisable to penetrate; the sandy phases are
bearers of good water, but the quantity is generally too small
to supply a good stock well. Sulphur water characteristic of
all wells that penetrate the Coal Measures corrodes metal receptacles and is unacceptable for kitchen and laundry use, and
therefore presents a 'serious difficulty in all deep wells. Such
water is not generally harmful, thouglt it is laxative. To some
people the taste is unplea·sant.
63
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Several wells that are 100 to 200 :Beet deep extend into the
Coal Measures. Only two are flowing wells, both of them on low
ground in the northeastern part of the county near the small anticline which runs northwest and southeast just east of Ford.
Throughout most of the county the strata dip very slightly to the
west or are horizontal, and the surface is so high that deep
flowing wells are not obtainable.
Only two wells in the county reach below the Pennsylvanian;
one is said tOI penetrate two feet and the other 38 feet into the
Saint Louis. In all near-by counties deep wells have been sunk,
but with results too unsatisfactory to be encouraging.
Typical well records in Warren County·

Locality.
'1'. 77 N., R. 25 W.
(Linn).
SE.i SE.i sec. 7____

Depth In feet.
(Remarks.)

Log In Feet.

Soil, 2; loess and clay, yellow; pebbles (post·Kansan
and Kansan), 73; clay, blue, (Nebraskan), 16; wale
yellow, with white sand (Des Moines), 2().25.
SOil, 4; loess and clay, yellow, pebbles below (post·
SE. i SE . i sec. 15
40
Kansan), 16; clay, blue, pebbles (Kansan), 15; weath·
On upland .
ered stone, sand, gravel, 1; shale, clayey (Des
Moines), 4.
Soil, 2; clay, yellow (post·Kansan and Kansan), 20;
SE. i SE . i sec. 'lfl
51
sand (~ftonlan), 29.
90 fcet below up·
land.
SOil, 3; loess and clay, yellow, pebbles In lower part
NE. i SW. i sec. 28
170
(post· Kansan and Kansan), 27; clay, blue, pebbles
90 feet below up·
(Nebraskan), 20; sand and clay (subglacial), 15; coal, .
land.
Sli ; shale with 3 thin layers of coal, 10li.
Soil, 2; loess and clay , yellow (post· Kansan and Kan·
NW. ~ SW. i sec. 80
116
san), 48; clay, blue (Nebraskan), 50; sand, dark gray
On upland.
(subglacial), 16; solid rock (Des Moines) .
Soil,
yellow clay, blue clay (post·Kansan and Kansan),
NW. i NW. i sec. 32
50
40; gravel (Aftonlan) , 10. Ends In gravel 10 feet be135 feet below up·
low bed of North river.
land.
'1' . 77 N. , R. 24 W .
(Part of Greenfield).
SW. i NE. i sec. 1__

116
On upland .

261:1

10 feet l'elow up·

land .

SW. 1: SW. 1: sec. 5

SoU, 2~ ; loess and clay, yellow (post-Kansan and Kan·
san) ,- 10; clay, blue, gravel and bowlders (Kansan and
Nebraskan), 78; shale, clayey, sandy (Des Moines) ,
178.

Soil, 2; loess and clay, yellow (post-Kansan and Ransan), 6-7; clay, blue, pebbles (Kansan), 26; sandstone
(Des Moln~s), 1~.
SW. l SE e i sec. 13
il
SoU, 1; clay, reddlsb, a little gravel (vost-Kansan and
Kansan), 80-40; clay, blue, pebbles (Kansan), 15-20;
On u).!land .
black dirt with old logs (Aftonlan) , 2; sand, line,
~O
white, 8.
NW. i NW. i sec. 22
; feet above flood Soil washed In, and loess, 40; clay, yeJlow, gravel and
plain.
calcareous concretions (Kansan), 4-5; clay, blue, stiff,
pebhles, 11; gravel, fragments of limestone (Aftonlan),
1-] ~ ; clay, black, sand layer at 75 feet (Nebraskan and
subglacial), 42. Bottom 65 feet below bed ot North
river.
:1fi

On u).! land .

I

"Interpretations by the writer.
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TypicaZ weH records in Warren Oounty.-Continued*

Depth In feet.
(Remarn.)

LoeaUty.

Log In Feet.

T. 77 N., R. 23 W.

(Allen;parts of LIncoln, Palmyra and
Richland.)
NW. ~ NE. ~. sec. G

Dug (0 years ago, 80; clay, dark blue, small pieces
coal (Kallsan) , 30; gravel underlain by white sand
(Aftonian), 8; quIcksand.
Soil, 1~; loess and clay, yellow (post·Kansan and Kan·
220
SE. ! SE. ~ see. II-.
35 feet below up· san), 30; shale to 175 feet, tben sandstone (Des
Moines), 188~.
land.
300
SoIl, 8; loess and clay, yellow (post·Kansan and Kan·
NW. ~ NW. ! sec. 16
On upland .
san) , 3; quicksand, wbItIsh (Aftonian) , 10·12; clay,
blue (Nebraskan); shale, sandstone, etc. ("mIneral"
water), (Des MoInes).
SolI, 4; loess and clay, yellow (post·Kansan and Kan·
NW. ~ SW. i sec. 23
S51
15 feet below up· san), 15; clay, blue (Kansan), 11; sand and eravel
land.
(AftonIan), 8; shale, clayey, sandstone, etc. (soft
water) (Des Moines), 3l8.
G8

On upland.

T. 77 N., R. 22 W.

(Parts of Richland
and Palmyra).

SE. i SE. i sec. 18
NE. i NE. i see. 29

28
On upland.
42

On upland.

SolI, 1; loess and clay, yellow (Kansan), 1·2; sand, red,
no pebbles (Aftonian) , 4; clay, blue, no pebbles (Ne·
braskan), 8; sand (subglacial), 2; shale. clayey. blue
(Des MoInes), 11.
SOlI, 2; loess and clay, yellow. no pebbles (post·Kansan
and Kansan). 28; sand (Aftonlan); shale. clayey, blue:
coal. 12.

T. 76 N., R. 215 W.

(Jefferson) .

SolI, 2~; loess and clay. yellow. 8 In. sand at U feet
120
6 feet below up·
(post·Kansan, Kansan and Aftonlan), 17~; clay, blue,
roots and fragments of wood at 100 feet (Nebraskan),
land.
96; sandy materIal (subglacial), 4; (Des MoInes).
SolI, 2; loess and clay, yellow and brown (post·Kansan
119
SW. i NE. i see. I)
On upland.
and Kansan), 25; gravel and sand (Aftonian), 4; clay,
blue, pebbles (Nebraskan), 75; sand and clay, brown,
hard (subglacial), IS.
SolI, S"(; loess and clay, yellow, no pebbles, (post·Kan.
100
SW. ! NE. ! see. 18
san and Kansan), 1&-17; clay, blue (Kansan and Ne.
10 feet below up·
braskan), 72; sand, white (subglacial), 6-8.
land.
SolI, loess and yellow clay (post-Kansan and Kansan),
106
NW. i SW. ~ sec. S4
35; clay, blue (Nebraskan). 60; sand, gray (subglacial),
40 feet below up·
(oJ
5, like old loll, G.
land.
NE. ! NE. ! sec. L.

T. 76 N., R. 24 W.
(Parts of Lincoln
and Greenlleld).

llL
On upland.

SolI, 2; loess and clay, yellow (post·Kansan and Kansan), 40; clay, blue (Nebraskan), M: sand and gravel,
wood (subglacial), 5.
105
SolI, 3!: loess and clay, yellow (post· Kansan and Kan.
SE. i NW. ! see. 5••
san), 26!; sand wIth wood (Aftonlan), 10; clay, blue,
5 feet below up·
land.
some wood (Nebraskan). 60; gravel and sand line
gray (water) (subglacIal), 15.
•
,
SolI, 1; loess and clay, yellow, no pebbles (post·Kan.
SO
NE. ! SW. ! see. 10
san), 16; clay, yellow, pebbles (Kansan), 5; sbale
On upland.
( /))
elayey, blue (Des Moines), 8.
SolI, 2·8; loess and clay, yellow (post·Kansan and Kan.
113
SW. i SE. i see. 18
san) 15; clay, blue, pebbles (Nebraskan), 85; sand
10 feet below up·
and mud (subglacIal), 10; Des MOines shale.
land.
"Interpretations by the wrIter.
G Reported by J. O. Nash. driller.
II Personal InspectIon.
SW. ! NE. ! sec.

5~.
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Typical weZZ records 'in Wa1'ren Oounty.-Continued*

Localfty.

I

SW. 1 SE. 1 sec. 24

r.

Depth In feet.
(Remarks.)

Log In Feet.

ll2

Soil, black, 2; loess, yellow, blue below, then 8 blue.
moditle"d loess (gumbo), then grayish blue sandy loess;
no effervescence, 28; sand, yellowish and gray (subloessial), 2; clay, with pebbles, bowlders, and lime
concretions, yellowi~h brown 1 foot, then grayish blu~
17 feet, then bluish black 36 feet (Kansan), 64; deposit, black, soil planes and minute partings of veget·
ation, no wood, few peb15les (Aftonlan) , 25; pebbles
from Nebraskan, 1; Des Moines.

Simpson College
well. On upland.

76 N., R. 23 W.

(Parts of Lincoln
and Palmyra).

NW. 1 NE.

a sec.

Soil and subsoil, 6; loess, yellow above, ' blue below
(post·Kansan), 20; sandstone (Des Moines), 3; shale,
clayey, blue, 6; sand and black clayey shale, ~.
52
sec. 9
Soil, 2; loess, yellow, (post-Kansan), 86; clay, yellowish ,
SW. t NW.
(a)
On upland.
p e ~ bly. (KansAn), 10: sand (Aftonian and subglacial) ,
sandstone below (Des Moines), ,.
120
NW. t SE.
sec. 17
Soil. 2-8: loess, yellow, 26; sand (post-Kansan) , 1; clay ,
On upland.
blue, lighter below, pebbles and wood (Kansan), 88;
shale, gray (Des Moines), 2_
NW. SW. t sec. 21
Soil, 2!-; loess and clay, yellow, some pebbles (post-Kan141
10 feet below up·
san and Kansan), 4-5; clay, blue, with pebbles, 4;
land.
shale, blue and black, 4 Inches coal, tire clay, shale,
sandy (Des Moines), 4.
NW. 3: SE. 3: sec. 29
41
Soil, 3; loess, yellow (post-Kansan), 4; changes Into
On upland.
sand, somewhat clayey, some pebbles and loose rock,
24; shale, part clayey, part sandy (Des Moines), 10;
sandstone.
sec. 82
NW. 3: NE.
100
Soil, 2; loess, yellow (upper loess), 14-16; loess, gray
(a)
20 feet below up·
(lower loess) (post-Kansan), 14; clay, reddish yellow,
land.
pebbly (Kansan), 6-8; clay, blue (Kansan Bnd
Nebraskan), 56; sand, gray, beneath clayey old soil
(subglacial), 4.1

853
On upland.

a
a

a

a

T. 76 N., R. 22 W.
(Union, parts of
. Palmyra and Lin·
coln).
Sec. 5 (11 )____________

367l

Low ground.
SW. t NW.

i sec. 16

65
On upland.

SW. 1 SW.

i sec.

89
On upland.

28

T. 75 N., R. 28 W.

Soil, 4; clay, yellow (post-Kansan and Nebraskan),
20; shale and sandstone, 4 seams of coal (Des
Moines) 305~; limestone (Saint Louis), 88.
Soil, 4; loess and clay, yellow (post-Kansan), 4-5;
clay, red and blue, streaked with sand (Kansan), 15;
sand (Aftonlan), H; clay, blue streaks, pebbles,
(Nebraskan), 2; clay, blue, pebbles (Nebraskan), 1215; coal, tire clay, shale, blue, clayey, 28~.
Soil, 2-3; loess and clay, yellow, no pebbles In upper
part (post-Kansan and Kansan), 19; clay, light
brown, stratum of gravel, water (Aftonian) , 5;
clay, light brown (Nebraskan), 12; coal.

(Jackson).

SE. 1 SE. 1 sec. 8__

NW. 1 NW.

i sec. ,

ll7

On upland.
8~

On upland.

Soil, 8; loess and clay, yellow, mottled with blue (postKansan and Kansan), 15; sand (Aftonlan), H; clay,
yellow above, changing to blue and black at
depth of 45 feet (Nebraskan), 87; ciav, b;t.ish hlaek,
61; subglacial blue sand_ Soft water rises 22 feet.
Soil, l!; loess and clay, yellow (post-Kansan and
Kansan), 2111; coarse sand and gravel (Aftonlan) ,
5; clay, blue, sand, pebbles and bowlders (Nebraskan) , 52; Oarbonlferous, mostly shale, :I feet coal
at 255 feet depth, 266.

"Interpretations by the writer.
a Reported by J. O. Nash, driller.
II Reported by A. G. West, Runnells, IowlI.
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Typical wen records in Warren Oounty.-Continued*

Locality.

Depth In feet.
(Remarks.)

Log In Feet.

NE. ! NE. ! sec. 2S

130
On upland.

Sofl, 2; loess and clay, yellow, mottled blne below
(post·Kansan and Kansan), 22; sand, little water
(Aftoni nn) . 2-3; clay. tliuk blue, hard, fragments of
wood like black walnut at 60 feet depth (Nebraskan) , 100; coarse sand (subglacial), 3-4 (water not
very hard, rose 20 feet).

138
On upland.

SoU, 1; loess and clay, yellow, no pebbles (post-Kansan and Kansan), 34; clay , blue, pebbles; wood and
shell 90 feet from surface (Nebraskan), 103.
Sofl, 1!; loess and clay, yellow, pelJbles and streaks
of sand (post-Kansan and Kansan), 48~; clay, blue
(Nebraskan), 100; sand, tine, blue (subglacial).
Soil, 1-11; loess and clay, yellow, no sand or gravel
to depth of 2S feet (post-Kansan and Kansan), S3!;
sand and gravel (Aftonlan), 1-2; clay, yellow (Ne'
braskan), 4; clllY, blue, no pebbles, 20.
SoU, 1; loess and clay, pebbles below (post-Kansan
and Kansan), 8-10; shale, clayey, blue, sandy partIngs (Des Moines), 9.

T. 75 N., R. 24W.
(White Oak).
NW. i NE. i sec. 18

NW. i SE.

!. sec.

20

SW. l SW. l sec. 82
NW. i SE. i sec. 38

150
On upland.
60

On upland.
20

On upland.

T. 75 N. , R. 23 W.
(Otter).

NW. i NE. i sec. 2__

25
On upland.

Sofl, 1; loess, yellow~ no pebbles (post-Aansan), 2-3;
shale, brownish ana blue, 1 foot coal at 21 feet,
sandstone (Des Moines), 21.
Sofl, 2; clay, yellow, pebbles (Kansan), 23; ' sbale,
NE.l NW.i sec.8.(a)
214
clayey, blue above, various Des Moines strata below,
10 feet below up·
189.
land.
NW. i SW. i sec. 86
210
Sofl, 2; loess and clay, yellow, some pebbles below ]~
Prospect hole on
feet (post-Kansan and Kansan), 32 ; Des Moines
upland.
strata, 176.
T . 75 N., R. 22 W.
(Belmont).
SE. i SE. i sec. 13
Nc .

~

15
Sofl, 5; shale, clayey, blue (Des Moines), 10; coal.
30 feet below up·
land.
HE_ i sec. 26
33-35(b) Soil, 2;
loess and clay, yellow, pebbles below 18-20
On upland.
feet (post-Kansan and Kansan), 24; sand, yellow,
gravel (Aftonian) , 1; clay, blue, pebbles (~ebrali 
kan), 6-8.

T. 74 N., R. 25 W.
(Virginia) .

NW. i NW. i sec. 1

140
SoU, 3; clay, yellow, pebbles, lime concretions (postKansan and Nebraskan), 22.27; clay, blue, bowlders
110 feet below up·
land.
and some sand, nO-115. lj:nds in blue sand (subgIacia!) 55 feet below river; abundant soft water .
NE. i NE. i sec. 2
150
Soil. 3; loess, yellow (post-Kansan). 6· sand (Afton115 feet below up- • ian), !; clay, yellow, pebbles, (Nebraskan), 22; dark
land.
blue, gritty in places (Nebraskan), 100-125; shale, blue
70 feet below river (Des Moines).
SE. i SE. i sec ••
68
Sofl, 2~-3; loess and clay, yellow (post·Kansan and
On upland.
Kansan), Iii; gravel (Aftonlan), 2; ~an(i, hard, wh!te,
2; clay, yellow, streak of blue (Nebraskan), 8; clay,
blue, a few pebbles 1 Inch In diameter, 40; shale (Des
Moines).
NW. i NW. i sec. 31
255
Soil, 2i; loess and clay, yellow (post-Kansan and Kan·
On upland.
san), 27~; sand and gravel. cemented (AftonJan), ~;
clay, yellow (Nebraskan), 38; clay,dark blne, some
grit , 175; coal-Uke material, rotten, soft mud, water (subglacial), 1~-2; shale, clayey, red (sulphurous
water, pumped out In t hour) (Des Moines), S-10.

"Interpretations by the writer.
a 4-lncb well, all cased. Water rose 100 feet, but was pumped out by a machine In an hour.
Water rolly, not used. Drfller, D. A. Jemison, Ackworth, Iowa.
bA well close by reaches Oarboniferous at about this depth.

..
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TypicaZ well records in Warren County.-Concluded.

LocaUty.

Depth In feet .
(Remarks.,

T. 74 N. , R. 24 W.
(Squaw).
NE . ; NE. ; sec. 12__

52

On upland.

SE. ; NE. i sec. 17

68

On upland.

NW . ; NW. i sec. 80

74)
On upland.

Log In Feet.
Soil, 2; loess and clay, yellow, sandy (post·Kansan
and Kansan), 21; sandstone (Des MoInes), 9.
Soli, ); loess and clay, yellow (post·Kaosan and Kan·
san), 19; sand, old tImber and black sand at bot·
tom (Mtonlan), 48.
SOil, 2~ ; loess and clay, yeUow; pebbles below 8·10
feet (post ·Kansan), 16i; sand, a Uttle water, 1; clay,
gray, changIng to blue below (Kansan) , 11; clay,
blue, pebbles, 12~ clay, black, soft Uke old soil,
stIcks size of fingers (Aftonlan) , 4; clay, bluIsh
black, stili', a few pebbles, wasbed from Nebraskan
(Aftonlan), 26; sand and gravel (Aftonlan), Ii;
shale, clayey, blue (Des Moines), 1.

T. 74 N. , R. 23 W.
(LIberty).
SW. t NW. t sec. 4

SOil, 1; sandstone, (Des Moines) 111.
20
100 feet below up·
land.
Soil, 2; clay , wIth gravel, lime concretion, traces of
SW. ; NW. ! sec. 18
.88
coal (post·Kansan and Kansan), 10-12; shale, clayey.
100 feet below up·
blue (Des Moines), 22; Umestone, 2); coal, !.
land.
SolI, 2~ ; loess and clay, yeUow (post Kansan and Kan·
NW. ~ NW. ! sec. 36
60
san), 22); sand and iravel (Aftonlan), 5; clay, blue,
On upland.
pebbles, bowlder 18 Inches In diameter (Nebraskan),
80, water hard, but good.
T. 74 N. , R. 22 W.
(Whltebreast) •
SE. ! SE. ! sec. 3__

40
SolI, 2; clay, yellow (Kansan), 18; sand (Aftonlan) ,
feet below up·
16; gravel and sand (Aftonlan), 4; sandstone.
land.
SE. t SE. ! sec. 19
26
SOil , 4-5; ciay, yellow (post·Kansan and Kansan) , 6-7;
On upland.
sand (Aftonlan), 2; clay , blue and gray, pebbles (Ne·
braskan), 10; sand (preglacIal), 8.
Soil, 2·8; loess and clay, yellow (post·Kansan and Kan·
SW. i NW. t sec. 36
52
On upland.
san), 19; sand. yellow (Aftonlan), 8; sbale, sandy,
blue (Des Moines), 8.
"Interpretations by the wrIter.
4{)
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WAYNE COUNTY.

BY O. E. MEINZER AND W. H. NORTON.

TOPOGRAPHY AND GEOLOGY.

The surface of Wayne county consists of a plain which has
been carved by postglacial erosion into an intricate system of
sharp valleys and ravines. Along the principal divides still
exist broad strips of the undissected plain over which the railways have been constructed 'a nd upon which, as a consequence"
the villages have been built.
The bedrock belongs to the Pennsylvanian series of the Carboniferous and consists of shale and thin strata of sandstone
and limestone. Upon the rock rests a thick accumulation of
glacial materials, at least the upper part of which belongs to
the Kansan drift sheet. Widely spread over the drift is a veneer of loess or grayish blue clay resembling loess.
Bello,w 'a re given several sections, as reported, of the drift
and upper part of the Pennsylvanian.
Sections at Oorydon.
[Sec. 19. T. 69 N., R. 21 W.J

I

Thlckness·IDePth.

Shaft No. 1..
''Drift'' _______________________ _______________________________ ________ _
Sa nds tone __ ____ _________ _____ ___________ ___ __________ ___________________________ _
Sandstone _________________________________ ____________________________ "' _
Shale, sandy _____________________ _____________________________________________ _
Limestone ________________________________________________________________ _
Shaft No.2.
"Drift and secondary drift" _________________________________________ _
Shale, argillaceous ______________________________________________________ --Sa ndstone ___________ _____ ___________________________ _____ ______------------------Shale, sandy ______________________________________________________ ---Shale.
argillaceous
Limestone
with clay -----------------------------------------------------partings ______________________________________________ _
"Orushed limestone with rotten coal" _____________________________________ _

l'eet

Feet

267
14

267
827

6

800

12

812

6

318

801
12

801
31S
327
842
872
392

14
15
80

20
12

404

Shaft No.3.
4'Drfft"

_______________________________________________________ _

"Irregular layer of rotten sandstone" ---------------------------------

297
1

297
29B
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Section at Humeston
[Humphrey Ore amery well.]

1ThICkness. )DePth.
Soil and clay _________________________ _______________: ____________________________ _
Olay. blue _______________________________________________________________________ _
Quicksand ___________________________ __________.________________ . __________________ _
Seam containing coal.
Shale and soapstone _________________ ________ ______________________________________ _
Rock entered.

Feet

. Feet
50

50

330

SSO

20

400

100

500

UNDEHGHOnm WATEH •
. SOURCES.

In Wayne county the water is gC'n<'f(\lI~' o'ltRillecl from wells
dug or bored from 25 to 50 feet illto tlll' drift. Iu years of
normal rainfall, most of these well::; rc t'ei\'(' ellough Rcepage flo,r
household use and stock farms, but in dry ~' ( ! n n5 lJlallY of them
fail. Ponds made by throwing dams across i::iIIlClll ravines serve
as an additional supply for live stock Ion many farms.
The loosely aggregated and somewhat gravelly drift tbat furnishes the seepage for the shallow open wells gives place downward to a more compact and impervious bowlder clay, below
which there is a possibility of obtaining water from (1) beds
of sand or gravel at the base of the drift or between two
sheets of bowlder clay; (2) strata of sandstone or limestone
in the Pennsylvanian 's eries; and (3) different sandstones and
limestones at still greater depths. Such prospecting of the
deeper parts of the drift as has been done at different times
has not been very successful. This is attributed by drillers to
the absence of sand or gravel deposits, but it may be due more
largely than is realized to the leakage caused. by the many deep
valleys, whereby porous beds are drained or their heads so
much reduced that the water will not flow rapidly into the drill
holes. Neither is the Pennsylvanian satisfactory as a source
of water. In its several hundred feet of thickness, certain
water-be,a ring strata aoo nearly always encountered, but these
are U:sually so thin and imperfectly porous and so completely
incased by thick impervious beds ' of shale that their supply is
smalL Moreover, the water from these strata is objectionably'
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rich in sulphates and frequently also in hardening constituents
and iron.
At the creamery of J. L. Humphrey, Jr., at Humeston, a
four~inch well was drilled to a depth of 384 feet, and was
finished with a six-foot strainer in a bed of sand. It appears that the sand eventually entered the well and shut off
the water: A second well, :five inches in diameter at the top
and four inches at the bottom, was laoor drilled to the depth
of 501 feet, but it seems that no additional supply was found
and the same bed of sand was utilized. 'T he water is reported
to be hard and ferruginouS! and to have a laxative effect, which
is no doubt due to a large content of sulphates.The section
as reported suggests that the sand bed lies at the base of the
drift, but the data are too indefinite to allow any positive
statement. The water appears to have the chemical character
of that found in the Pennsylvanian strata.
One of the deepest wells reported in the co.u nty is one drmed
at Corydon, in 1903, for E. A. Rea. It goes to a depth of 834
feet, ends in rock, and is said to have passed through wateroearing beds at about 75 feet, 300 feet, and 440 feet below the
surface and also near the bottom. It is cased with 6%-inch
and 5-inch pipe to a depth of 610 feet, and has 20 feet of
4% -inch casing at about 700 feet and 50 feet of 3-inch casing
at the bottom. With a pump drawing from a depth of 692
feet (578 feet below the water level) the well was successfully
tested, immediately after it was completed, at the rate of 20
gallons a minute for 7lj2 hours continuously_ At the time it
was visited, however, it was for some r.eason not in condition
to yield water.
In 1911 the town put down a drill hole to 1,240 feet, at which
depth the well was stopped, as its capacity amounted ' to but 20
gallons a minute_ The elevation of the curb is about 1,110 feet.
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The log .of the hole, so far as kept, is as follows:
Driller's log 01 we!! at Oorydon.

I

Tblckness. ~DePtb.
Feet

-~f;~;~i~~~i~~~~~~~~~:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

LImestone -----------------------------------------------------------------Soapstone
LImestone ____________________________ _
Soapstone ____________________________
LImestone

:::::::::::::::::::=:::::::::==::::::::::::::::::::::::::::==:=

===================:=========::==========

8
278

i~E~:~~~)~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~=~~~~~~~~~~~~~~~~~~~~
.. _- ....
------

Feet

610
58
68
11
6
85
22
2
57

15
15
65

---------------------------------------------------------

610
663
731
742
748
783
805
807

810

1,088
1,145
1,160
1,175
1,240

The following samples of the drillings were submitted:
Record 01 strata in we!! at Oorydon.

I

TbICkness. ]DePtb .

Feet
Feet
Sandstone.
fine, graIns
Imperfectly rounded; and limestone, IIgbt gray,
rapId effervescence
_______
(I
748
Obert, wblte, and limestone, blue·gray__________________________________ __________
770
LImestone, drab, fine granular; moderately rapId effervescence________________
2
~
Ohert, blue·gray, and limestone of same color, rapId effervescence___________ ___________
810
LImestone, light gray, soft; rapId effervescence__________________________________
14
885
LImestone, brown, hard; wIth brown fllnt________________________________
(I
841
LImestone, blue·gray, soft; In flaky cblps________________________ ____________ _
4
854
LImestone, gray, soft, cherty ___________________________________ --------875
Shale, blackIsh, bItuminous __________________________________ ____________ -___
8
898
LImestone, cream·colored, macrocrystalline; much whIte chert ____________ ________
906
LImestone, light blue·gray; wIth whIte chert-__________________________________
7
925
Limestone, light yellow, macrocrystalline; rapId effervescence_________________
8
928
~_______________________________________ ______

In this section, the base of the Pennsylvanian may be drawn
at 731 :/]eet fr,om the surface, 379 feet above sea level. The
shales from 1,088 to 1,175 feet are comparable in position to
shales at Centerville which are referred to the base of the
Mississippian and, like them, include an inte'r calated limestone.
The shales at Centerville, however, lie somewhat lower than
those ' at Corydon. Whether the footing of the drill hole is in
the Devonian or in the ~ssissippian, it is certain that it was
not carried far enough to reach the Silurian water bed tapped at
Centerville, to say nothing of the Ordovician sandstone aquifers. If the shales referred to are the same as those of the
basal Mississippian at Centerville- the Silurian sandstones
would have been encountered within 250 feet of the bottom of
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the well. The general dip of the' strata would indicate a probable depth from the surface to the Sam.t P€,t er sandstone of
about 2,050 feet. But the upwarp of the 'Ordovician strata
in southeastern Iowa and northeastern Missouri may extend
farther to the west than is now supposed and the Saint Peter
may He 200 feet higher than the estimate.
The 501..:foot wen at Humeston is reported to have cost $850
and the pump flo r it $150. The Corydon well is reported by
Mr. Rea to have cost $3,000 and the pump $450. All things
taken into consideration, the prospects for water below the
bowlder-clay are not rencouraging. The meager yield and poor
quality of water that are to be expected, together with the
uncertainties involved, would not seem to warrant the nece'ssary expense except perhaps where urgent necessity IEl'xists.
HEAD.

The surficial drift layer is so imperfectly pervious that the
water l€vel conforms cl:osely to the surface, the water in a shallow upland well commonly standing high above a near-by valley. But the head from the lower aquifers approximates more
closely to the valley level. In the d€ep well at Corydpn the
water rises to a level 114 feet below the surface or to a point
about 990 feet above the s·e a; and in the deep creamery well at
Humeston it rises to a point about 100 feet below the surface,
perhaps not far from 1,000 feet above the sea. At Seymour
NW. 14 sec. 24, T. 68 N., R. 20 W.) 'a flowing well 87
(NW.
feet deep discharges water rich in sulphates at the rate of
about a gallon a minute. In a ~eep valley west of Lineville
and south lof the state line a well that ends in the Pennsylvanian once overflowed. (See "Decatur County", p. 945.)

*

CITY AND VILLAGE SUPPLIES.

Corydon.-The Rea well at Corydon (population, 1,669) has
in thlEl' past supplied a small private system of waterworks
consisting of a tank on a tower connected with a few hundred
feet of mains.
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In December, 1912, the city well (see page 1001) was being
pumped two nights a week, six hours a night, and was furnishing
40 gallons a minute. A tank holding 75,000 gallons and a reserve
cistern of 50,000 gallons capacity hold an abundance of water
and service connections were being made. The water is beneficial in its effects upon the health of its users.
Minor Supplies.-Aside from the plant at Corydon, Wayne
county has no system of waterworks, although it contains several villages of considerable size. The pr,oblem of procuring a
satisfactory public supply is difficult. Shallow wells yield supplies that are too small and unreliable; deep drilling is expen,sive, involves considerable uncertainty and, at best, will furnish water that is obj'ectionable because of its mineralization;
and reservoirs in which the wash from rains is collected are
likely in the course of time to receive poor care, so that the
water will be unfit for drinking or household us'e.
Though it is not generally possible to extract much water from
a single shallow well, a much larger quantity could: be obtained
from a series of such wells. A large number of these could be
bored at a moderate cost and they could all be connected at the
bottom with horizontal pipes, so that a pump operating at i()ne
would draw from all. (See p. 947.) It seems probable that adequate supplies for most of the villages could in normal years be
obtained in this way, but a shortage might occur in seasons of
drought.
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CHAPTER XIV.
UNDERGROUND WATERS OF THE NORTHWEST DISTRICT.

INTRODUCTION.
BY W. H. NORTON.

The northwest district includes nineteen counties-Buena
Vista, Calhoun, Carroll, Cherokee, Clay, Crawford, Dickinson,
Emmet, Ida, Ly,on, Monona, 0 'Brien, Osceola, Palo Alto, Plymouth, Pocahontas, Sac, Sioux and Woodbury. Over this, ar,e'a
the heavy mantle of drift has in few places been cut through by
stream erosion and rock outcrops are rare. Below the clays and
sands of the drift lie the shales and soft sandstones of the
Cre,taceous, which rest with marked unconformity on older terranes. The Carboniferous strata, on whose beveled edges the
Cretaceous formations in most places rest, are prevailingly
shaly, and the shales of these two series of rocks can be distinguished with difficulty when they are ground to powder by
the drill. Another unconformity probably separates the Carboniferous from the older formations of the Paleozoic. The
earlier Paleozoic strata strike northeast and southwest and dip
southeast, the younger giving place westward to more ancient
rocks.
From Emmetsburg to Fort Dodge the Saint Peter sandstone
descends 874 feet in 48 miles, or at the rate of a little more than
18 feet to the mile. (See PI. XVI, p. 814.) From Sanborn to
Cherokee and Holstein its dip is 16 feet to the mile. (See PI.
xvn.) From Holstein to Dunlap, if the formation is rightly
distinguished at Dunlap, its dip is somewhat less than 10 feet
to the mile.
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In the extreme northwest sections ,of Lyon county the Sioux
quartzite outcrops. This is the most ancient rock exposed to
view in Iowa and is referred to the Algonkian. Its surface sinks
rather steeply toward the south and east from its outcr,ops in
Lyon county.
On the whole, conditions appear to be somewhat favorable
for artesian wells over a large part of northwestern Iowa. The
successful well at Jefferson, just southeast of this area, suggests that deep wells in the southeastern counties might obtaiil
satisfactory supplies. The deep wells at Sanborn, Cherokee and
Holstein (PL XVII) carry the favorable forecasts to the counties of the second tier east of Missouri ri\ne'r , where the Ordovician and Cambrian sandstones may be found within drilling
distance of the surface and will probably yield sufficient water
for municipal supplies. A deep well at Emmetsburg, in the
northeastern part of the district, was not successful. For the
western tier of .counties the forecast is far less favorable (pp.
1007). The Saint Peter and the subjacent formations enter northwestern Iowa from the east unde'r their normal facies. At Ho]stein, where the drill hole was sunk about 550 feet below the
summit of the Saint Peter, the samples preserv.ed from below
that formation indicate about 200 feet of the arenaceous dolomites of the Prairie du Chien stage, underlain by about 250
feet of the Saint Lawrence formation and 35 feet of sandstone
referable to the Dresbach, the l'a tter extending to the bottom
of the welL At Le Mars (Plymouth county) the deep well affords no evidence of the strata penetrated between the base of
the Cretaceous at 810 feet above sea level and the pre-Cambrian
gneiss at 215 feet abo,ve sea level, except two sandstones reported at about 400 and 300 feet above sea leveL (See PL VI,
p. 310.) If the upper of these sandstones is the Saint Peter,
the combined thickness of the subjacent terranes to the base
of the Cambrian is only about 200 feet. At Sanborn (0 'Brien
county) a sandstone is reported at 787 feet abo;ve sea level, and
below this lie nearly 450 feet of "shales, blue and green, mixed
with sandstone" and "shales, green and white." This sandstone may be ' the Saint Peter or the Jordan, the shaly nature
of the subjMent bed rather favoring the latter reference. At
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Sioux City (Woodbury county) minute-grained, calcifer:ous
sandstones and marls, prevailingly glauconiferous, extend from
the fundamental schists upward for about 250 feet. These have
the appea:vance of the Saint Lawrence formation. At 155 f-e,e t
above sea level occurs a white sandstone which, like that at Sanborn, may be either the Saint Peter or the Jordan.
Of the formations above the Baint Peter, the Decorah shale
and the Platteville limestone cross the entire eastern area of
northwestern Iowa in full force and continue at least as far
west as Cherokee. 'T hey tare succeeded upward by heavy dolomites, which no doubt ~nclude the Galena, and may also include
the Maquoketa and formations of Devonian and Silurian age.
These dolomitic beds measure about 300 feet at Cherokee and
may exceed 500 feet at Holstein. At Sanborn they are not mentioned in the driller's log, but at Sioux City dolomites, largely
cherty, occupy at least 300 and possibly 400 feet of the section
above the Ordovician and Cambrian sandstones and glauconiferous shales. Though these dolomites at Sioux City may be- '
long to the Prairie du Chien stage, their reference to the higher
terranes is more in accordance with the supposed general
stl'latigraphy of the area. At Jefferson all the samples 'of drillings lor 650 feet above the shale of the Platteville and the Decorah shale are of dolomite or magnesian limestone. These
limestones carry artesian water in other districts of Iowa, but
pl'lactically nothing is known of their capacities here.
In the counties bordering on Missouri river, so much difficulty is felt in making artesian forecasts that general statements must suffice. The chief water-bearing strata are hundreds of miles from their nearest outcrops in the state in the
eastern counties bordering Mississippi river, and though they
have been carefully traced from one deep well to another far
to the west the deep wells of western Iowa are so few, and so
little is known of them that the line of stepping stones is so
broken that little more than general stratigraphic considel'laHons
remain for guidance and support. Fortunately artesian water
may be found in the Cretaceous sandstones under the drift, so

.
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that the question of a deeper supply is not so pressing as it
otherwise would be.
In Lyon, Sioux and Plymouth counties the Sioux quartzite
and pr~ Cambrian schists underlie the region at depths rapidly
increasing southward and eastward. Unquestionably above
these pre-Cambrian rocks lie the older Paleozoic rocks, but their
·lithologic nature is largely a matter of conjecture and it is
possible that in these counties they contain few or even no beds
so constituted as to carry 'a rtesian water in considerable quantities. At Sioux City, for example, the well of the Sioux City
Water Company penetrated the Paleo~oic rocks to a de!p th of
at least 700 feet, but failed to find artesian water in paying
quantity. The deep well at Hull found water below 700 and
800 feelt, and the supply was stated to be unlimited, but Mr.
Meinzer was informed that the casing of the well had been cut
at about 350 feet from the surface and that most of the water
of the well came from this: horizon in the country rock, a statement which finds some support in the head of the well as compared with those of other wells in the Cretaceous of the vicinity.
The texture of the s'accharoidal sandstones fo·u nd at Hull at
755 feet to 1,263 feet wOllld allow them to yield copiously,
but at Hull they are interbedded with impervious sills. Outside the area of these igneous intrusions, an are,a that is probably small, these sandstones, if not indurated, may yield la rtesian water. Thus wells drilled below the Dakota sandstone in
these three counties may be considered experimental. The geologic conditions are not strongly adverse to such experiments,
but the two or three deep wells 'a lready sunk do not encourage
them.
In Woodbury and Monona counties the Paleozoic rocks are
no doubt thicker than they are in the northern counties bOTdering the Big Sioux and the possibility that they may include water
beds is grea~er. The general geology of the deeper strata, so
f'a r as it can be inferred, is somewhat encouraging to deep-well
digging in eastern Monona and Wo·o dbury counties, but all
artesian wells must be largely experiments and can not be definitely recommended. The lower Paleozoic water heds, if found,

UNDERGROUND WATERS OF THE NORTHWEST DISTRICT

1009

should occur at Onawa 'above 600 feet below sea level or within
1,650 feet of the surface, and a well of this depth should be
sufficient to test possibilitie.s at this station.

BUENA VISTA COUNTY.
BY

o.

E. MEINZER.

TOPOGRAPHY AND GEOLOGY.

The surface of Buena Vista county consists essentially of a
gently undulating drift plain containing numerous undrained
depres'sions, the largest of which is occupied by Storm Lake.
This plain ranges in altitude frloID less than 1,300 feet above
sea level, ill the southeast, to more than 1,500 feet in the vicinity
of Alta. The only striking break in the topography is caused
by Little Sioux river, which enters from the north and flows
westward near the county line for some miles, occupying a
~o'rge-like valley over 150 feet deep.
Beneath the thick and continuous mantle of glacial drift lies
a stratified series of shales, sandstones and limestones" supposed
to be Cretaceous in age: (See PI. VI, p. 310.)
UNDERGROUND WATER.
SOURCES.

The water supply of Buena Vista county is drawn chiefly from
alluvial deposits, the surficial portions ,of the glacial drift, sand
in the deeper portions of the glacial drift, and Cretaceous s'andstone. The alluvial deposits are .practically confined to the
valley of the Little Sioux in which they supply shallow wells;
the surficial porti,ons of the drift are penetrated by several
thousand shallow bored wells, most of which yield only small
supplies ,and many of which fail in dry seasons; the sand deposits in the deeper portions of the drift are reached by many
drilled wells; 'a nd the Cretaceous strata have apparently heen
64.
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.
entered in a few places. Beneath these formations are other
water-bearing formations not yet reached by the drill in this
county, but some knowledge as to what is to be expected from
these sources can be gained from, the deep wells in the surrounding towns of Manard, Emmetsburg, Sanbo-r n, Che,rokee and Holstein.
The only source of water below the surficial deposits and
within reach of ordinary drilling consists of beds of incoherent
-sand. In times of severe drought the shal10w wells on many
farms failed and wells were drilled to these beds of sand, but
they proved so unsatisf'a ctory that most of them have been
abandoned and reliance again placed upon shallow wells. The
water is under low head, is highly mineralized, and is separated
from the fine-grained and incoherent sand with great difficulty.
Screens .of fine mesh have been used, but the sand packs around
these and becomes firmly cemented by precipitates from the
water, and thus effectually closes the inlets, compelling the substitution of new screens or the abandonment of the wells. This
incrustation has given so much trouble in so many wells that
it has been generally concluded that the deeper sand strata are
not practicable s,ources of water-supply. These deeper sources
are, however, greatly needed, and much of the failure in the "
past has been due to improper methods of drilling and finishing
the wells. For the most part, two-inch "tubular" wells have
been sunk and the pump valves have been fitted into the casing
itself. For several reasons (see pp. 219-226) wells of this type
are ill adapted to the ' conditions found in this region. Six-inch
wells should be drilled and fitted with independent pumps. Then
if the water is lifted slowly-for example, at the rate at which
a windmill operates-the suction will be slight and regular, and
in many wells screens can ' be dispensed with. But even where
screens are found necessary, they are likely to last longer, and
they can be drawn up with less difficulty through the large
casing.
HEAD.

In general the water does not rise so near the surface in the
deepest drilled wells as in thos1e that end 'at higher levels. Owing
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tl() the indefinite character of the well data it is impossible to

state to what extent the wells having low head are to be correlated with the Cz:etaceous sandstone and those having a higher
head with the drift, but it seems iElJv ident that 'water from the
Cretaceous rises to approximately 1,200 feet above sea level
and water from most of the moderately deerp drift beds rises
much higher. In the following t'able the wells of the first group
are believed to have a head of about 1,200 feet and thos,e of the
second group a higher head, but the head of the farm wells is
uncertain because the surface altitude is not definitely known.
Hood, of water in and, near Buena Vista Oounf1l.
t

H eight to which
the water rises
Locati on

Group 1.
Feet
Fonda (Pocahontas county) __________________________ _
1,234
AurelJa (Oherokee county) ________________________ ________ _
1,887
Peterson (Olay conn ty) __________________ ________ ____ __ _
1, 238
T. 90
N_, R.
85 W. (Newell):
_________________________
____ _____________ ________
1,264
Newell
T . 93
R. 36
(Lee):
S. N.
i ,soo.
2 W.
__________________
____ _ __________ __ _______ ______ _
NE. t soo. I; ___________________________ ________________ ----- - - _ _
T . 92
R. 88
(Elk):
BEN.,
. t soo.
84 W.
______
______ ____ ____________________________ ---------'1' . 91
R . 3828W_______________________________________
. (Nokomis):
SE.N .t. sec.
------- ---

SE. t
T. 90
N. i,
SW.
SW. t

SE. i

sec. 85 __________________________________ _ ______ ---------R.
(Maple Valley):
lec.881 W.
__________________________
_ __________ ---------sec. 25 ________________________________________ ----------

100.

211 ------------------------------------ ----------

Group 2.
Rembrandt creamery well ___________________________________
T.Marathon
93 N., B.vllla&,e
85 W. well
(Poland):
___________________________________

Feet
831

801

90
285

U7
320

388
830
860

350
360
800

Feet

+ 14

Feet
1,220

-190

1,197

-

1 ,206

80

- 65
1,199
-160 _________ _
- 60 _________ _

-285 ______ _
-270 ________ _
-300 ________ _

-290 ______ _
-280 _______ _
-240 ________ _

1,886

280

-

65

1,270

1,894

16l

-

74

1,820

216

+

T. 91
R. 87
(Wash!ni'ton):
BE.N.,
i sec.
80 W.
_____________________________________
_______ --------

CITY AND VILLAGE SUPPLIES.

Anell.-The public water supply of
pumped from two dug wells, 80 feet
the other three feet in diameter. It
from a tank elevated upon a tower.

Alta (population, 959) is
deep, one eight feet and
is distributed by gravity
About 9,000 gallons are

1012

UNDERGROUND WATER RESOURCES OF IOWA

said to be used daily and this is nearly the maximum yield of
the wells. The inhabitants rely chiefly on shallow bored wells,
many of which yield small and uncertain supplies.
Marathon.-The following section of the village well at Marathon (population, 532) was furnished by the driller:
Section 01 village well at Marathon.

1ThIckness. !DePth.

j

Soil and yellow clay; blue clay ____________________________________
Sand ___________________________________________ ..:.___________________
Olay. blue ________________________ :...______________________________
Sand _____________________________________________________
~____

Feet 70

10
70
11

Feet70

80
150
161

•

The water is ~eported to rise within 74 feet of the surface,
or 1,321 feet 'above sea level, and the well has been pumped continuously for eight hours at the rate of 100 gallons a ' minute.
The waterworks consist of an air-pr,essure system with one and
one-eighth miles of mains, six fire hydrants; and 17 taps. Only
a small portion ·o.f the people use the public supply 'a nd only
about 2,000 gallons are ' consumed daily.
Newell.-The public supply for Newell (population, 728) is
pumped from a drilled well, 285 feet deep, into an elevated tank,
from which it is distributed by gravity through approximately
one mile of mains. There are 14 hydrants. 'T he daily consumption of water is estimated at 12,000 gallons.
Siow; Rapids.-The public supply of Sioux Rapids (population, 868) is obtained from a well 10 feet in diameter and 27
ire-e t deep, sunk into the gravel of the river bottom. The water
is pumped to an eleV'ated tank from which it passes to the mains.
There are 15 fire hydrants. The average daily consumption is .
reported to be about 30,000 gallons.
Storm Lake.-The public supply of Storm Lake (population,
2,428) is taken from the lake, from which it is pumped into a
standpipe and is thence carried by gravity through about five
miles of mains to 28 fire hydrants. The water is used extensively in boilers and for various other purposes and is led
thl'1ough private pipe lines to several farms near the city. The -

UNDERGR0UND WATERS OF THE NORTHWEST DISTRICT

1013

culinary supplies are obtained chiefly from shallow pri~ate
wells.
According to Norton a deep well drilled at Storm Lake would
first pass through the drift clays and sands, then through heavy
beds of Cretaceous shales ·a nd sandstones, -and possibly thDough
still lower shales of the Coal Measures (Carboniferous), below
which it would have a long run through limestones. After penetrating the shales of the Platteville limestone (which may need
casing) the drill would enter the Saint Peter s'andstone at about ,
120 feet above Isea level, or about 1,300 feet below the surface. 'To obtain the largest yield the well should be sunk to
about 1,700 feet below the !surface, at which depth it should
tap the jordan sandstone, if that formation preserves its identity so far to the west. It will then have penetrated the dolomites
and sandstones of the Prairie du Chien stage which separate the
Saint Peter and the .Jordan. 'On account of the high surface elevation, no flow can be expected, but the water should rise within
pumping distance.
CALHOUN COUNTY.
BY W. J. MILLER AND W. H. NORTON.

TOPOGRAPHY AND GEOWGY.

Calhoun county presents a lev·e!l surface over which many
ponds are scattered. The only important stream that modifies
this flat topography is North Raccoon river, which cuts across
the extreme southwest corner of the county, receiving from the
north Oamp and Lake creeks, much smaller streams.
Wisconsin drift covers the entire region, r.e!sting on the Kansan drift, which presumably also extends thr.oughout the county.
Except in a narrow strip on the eastern edge of the county occupied by the Des Moin,e!s stage (Oarboniferous), the drift rests
on' Cretaceous rocks.
The drift deposits lie horizontally ·on the rocks, which in turn
either lie fl~t or dip slightly eastward. (See Pl. VI, p. 310.)
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UNDERGROUND WATER.

SOURCES.

In Calhoun, as in the neighboring counties, ther,e are two important water beds in the drift, one at the base of the Wisconsin
drift la nd the other at the base of the Kansan drift. A large
number ,of wells obtain good sup'plie1s of hard water from the
drift and are as a rule so satisfactory that comparatively few
wells go into the rock formations below.
, The av'ailable data show that the sand or gravel at the base
of the Wisconsin drift has not been struck at a depth of less
than 45 feet and that in many localities it is more than
160 feet below the surface, the most common depths being 70
to 90 feet. 'Though most of the wells of the county derive water
from this source, it does not e,v erywhere yield water and in
places the supply is not satisfacto'r y. 'T he sand or gravel lying
at the base of the Kansan drift almost invariably affords a good
supply of water, Iseemingly unaffected by the seasons. Well records show that this aquifer has not been struck 'a t a depth
of less than 108 feet or more than 280 feet, the most common
depth being from 200 to 230 feet. Occasionally a good water
supply is obtained from local sandy layers in one of the blue
clays. Some deep wells have obtained water from shales, sandstones, and limestone1s of the Cretaceous and older rocks.
Only two flowing wells have been noted ,in this county, one
near Somers and the other near Lohrville. Both are situated
near small streams or slough bottoms. The horizon from which
the water comes is not known.
SPRINGS.

Springs of any consequence are very scarce in Calhoun county.
A few seep from the drift along the sloughs.
CITY AND VILLAGE SUPPLIES.

Lake City.-The public water supply of Lake City (population, 2,043) is taken from two wells 229 feet deep. The
water is pumped to a standpipe and distriJ:mted under gravity
pressure of 30 pounds to 172 taps. About 35,000 gallons are used
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daily by 600 people. The water is hard. (See analysis of water
from deep well of Chicago & North Western Railway Company,
page 178.) The driller's log of these wells shows the following
section.
DriZler's log

01

Lake Oitll wen.

I

Thlckuess· lDePth.

Boll. black _________________________________________________________________ _
Olay. yellow ______________________________________________________________ _
Olay. blue _______________________________________________________________ _
Band (water) _________________________________________________________ _
Olay. blue __________________________________________________ _
"HardpaD" ____________ ... _________________ ..________ .... __ ..._
Olay. hard ______________________________________________ _
OIay. yellow; hard blue clay; 1Jne sand (water) ____________________ .

Pee'

,
20

Feet

,

24

eo

86
II

lie

1.

no

20
II

119

•
D2

229

The chief water beds of the Iowa artesian system lie deep
below Lake City, the uppermost, the Saint Peter sandstone,
hardly l,ess than 300 or 350 feet below sea level, or from 1,550
to 1,600 feet below the surface. As the P.aleozoic limestones
overlying the Saint Peter yield more or less water a well 1,700
feet deep might obtain an adequate supply, but to get the largest
supply a well 2,000 feet deep may be necessary and any contI'lact for a deep well should provide for a depth of 2,200 ,or
2,300 feet.
In sinking such a well below the drift the drill win pierce
Cretaceous and Carboniferous shales. The quality of any
waters found in accompanying sandstones should be tested, as
they may ,be so heavily impregnated with various mineral substances as to make it desirable to case them out. In the Mississippian limestone and the dolomites which extend thence
downward to the shales of the Platteville limestone some water
of fair quality should be had under good head; but the main
supply is to be looked for in the Saint Peter sandstone and the
creviced dolomites and porous sandstones underlying it.
Lohrville-The town wel~, pf Lohrville (population, 674), 180
feet deep, furnishes a good supply of hard water. The water
is pumped to a tank, fr,om which it is distributed under gravity
pressure of 35 pounds througl;!. one-fourth mile of mains to 20
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t~~ and five fire hydtaniJs,. About 3,100 gallons are supplied daily
to 100 persons. No log is available.
Manson.-The public supply of Manson (population, 1,236) is
obtained from a well 1,250 feet deep, put down in 1905 by J. F.
McCarthy, of Minneapolis. (See ·PI. VI, p. 310.) The well is
cased with 10-inch pipe to 290 feet, 8-inch pipe to 834 feet, and
6-inch pipe to 1,250 feet. The curb is 1,245 feet above sea level
and water stands 25 feet below curb. The tested capacity,
original and present, is 300 gallons a. minute. Water comes
from 1,250 feet (according to another report from 1,050 :feet)
and from lo ther depths unrecorded. The temperature of the
water is 56° F.The water is pumped through three miles of
mains to 25 fire hydrants la nd 75 taps. Domestic pressure is
50 pounds and fire pressure 80 pounds. About 400 persons are
supplied daily; The daily consumption is 30,000 gallons. The
water is said to be soft.
Driller's Zog

01

Manson city well (PZ. VI, p. 310) .

I

ThIclmess· IDePtb.

Soil and yellow e1ay_______________________________
Olay, blue ____________________________________ _
Gravel and water__________________________________ _
~_

Olay, or
blue
---------------------------------------Sbale
slate;
some bard; some soit; some red. ____________
... ____ __
' Sandstone
_____________________________
'__________
Sbale, red __ ______________ __________________________'___ _

Feet

28

187
S

9'1

'140
1'10
80

Feet
2S
210
2lS
810
1,050
1,220
1,250

Granlte·Uke rock.

A citizen of the town asserts that no rock of any kind was
struck until the drill reached a depth of 1,050 feet, when it entered porous sand rock, from which water flowed in immense
volume. Another citizen who had much to do with the well
attempts to support the theory that this sandstone is the Saint
Peter by stating that it was "as hard as flint and as white as
snow, and ground up into fine dust or powder." The driller
states that he believes "that it was the true quartz rounded
white sand rock."
Literally construed this log would revolutionize the current
oonception of the deep geology of the region. Although but 18
miles distant from Fort Dodge. Manson is reported to find a
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heavy s'andstone 600 feet higher than the first sandstone at
Fort Dodge-the Saint Peter. The Saint Peter undoubtedly
rises from Fort Dodge toward Manson, but according to the
average dip from Cherokee to Fort Dodge the Saint Peter would
not be encountered at Manson within 1,500 feet of the surface
-450 feet below the summit of the sand rock of the Manson
well.
If there are no local sharp deformations of the deep-lying
strata in this region the aquifer 'a t Manson is Silurian or Ordovician (Galena). Dol,omites from these formations: are not
infrequently termed sand rock, because of the sparkling crystalline sand to which they are crushed by the drill. The description of the Manson water bed as "a rock hard as flint" in no
way fits the Saint Peter, which is uniformly one of the softest
of rocks, but s,eems to point to cherty layers that occur in both
the Silurian and the Galena.
As to the granite-like rock at the bottom of the well, it is improbable that any deformation exists in this area sufficient to
bring the. floor of crystalline rocks so near the sur:f)ace,. The
sample ,of this granite submitted for examination was a granitic
pebble of glacial drift, about three inches in diameter.
The Manson well, with its exceptionally large supply of water
of unusual softness and high head and its exceedingly peculiar
log, emphasizes the need and value of keeping samples of the
cuttings at frequent intervals as the well is drilled. There are
few localities where the lack of such information is more severely felt.
If the well should fail and repairs should prove ineffectual,
a larger supply may be obtained by sinking the well deeper.
Assuming an uninterrupted dip of the terranes from Cherokee to
Fort Dodge, the Saint Peter sandstone lies about 250 feet below
the bottom of the drill hole. Drilling not only to the Saint
Peter but 'also to the sandstones of the Prairie du Chien stage
and the Jordan sandstone should give an inexhaustible supply
within 1,900 feet of the surface.
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Pomeroy.-The public supply ,of Pomeroy (population, 815) is
obtained from a well 149 feet deep, from which it is pumped by
direct pressure (air) through 1 Y2 miles of mains serving 40
taps and 20 fire hydrants. The domestic pressure is 40 pounds
and fire pressure 60 pounds. About 300 persons use the city
supply. The daily consumption is .9,000 gallons. The water is
rather hard. The strata penetrated by this well are indicated
by the f,ollowing log:
Driller's log 01 Pomeroy town wen.
TblcknesS] Deptb
Feet

Feet

Soil, black ___________________________________________________ _
Olay, yellow __________________________________________________ _
Olay, blue ______________________________________________________ _
Sand (some water) ___________________________________________ ____ _
OJay, blue _________________________________________________________ _
OJay, yellow _______________________________________________________ _
OJay, blue ___________________________________________________ _
Sand and era vel (water) ____________________________________________ _

8
12
20
1
45
15
38
17

S
15
85
M
81
96
132
16

Rockwell City.-RockweU City (population, 1,528) owns two
deep wells-one 1,475 feet deep and the other 950 feet deep.
The latter well, which until recently supplied the town and two
railways, is 12 inches to 6% inches. in diameter and is cased with
10-inch pipe to 264 feet, 8%-inch pipe to 355 feet, and 6%-inch
pipe to 490 feet. The water staJ1ds 200 feet or more below the
curb and has been pumped at rate of 105 gallons a minute. The
well was completed in 1904 by J. P. Miller & Company, of Chicago.
The water is pumped to a standpipe, from which it is distributed under gravity pressure of 40 pounds dom€stic and 75
pounds fire through 2.6 miles of mains to 70 taps and 19 fire
hydrants.
Driller's Zag lor city deep wen No. 1 at Rockwell Oity.

I

ThICkness·IDePth.

Drift _____ ___ __ ________ ___ ____ _______________________ ___________ ______ _
Shale and streaks of rock, cavlng_______________________________ _
Lime, bard. and sbale, caving _____________ _ ____________________________ _
Lime, hard ________________________________________________ _
Lime, sbaly _______________________________________________ _
Lime, hard ___ ______________________________________________________ _
Shale, sandy, to bottom of well______________________________________ _

l!'eet
2M
91

135
160
200
91
II

Feet
26i
855
400

600
850

941
960
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The deeper well was completed in 1910. The geologic seotion,
so far as it can be made out from the samples saved, is as follows:
Record at strata, city deep wen No. ~, Rockwen Gity.

I

Thlcklless·IDePth.

Quaternary
(161 feet thick; top, 1,223 feet above sea level):
SoU ________________________________________________________________
_

Feet

~ln:
__~~~_~:::::~:::::::::::::::::::::::::::::::::::::::::::::::::::::::
TID, 'bl~:ll~~:
light yellow
___________________________________________________ _
Oarbonlferous:
Pennsylvanian
feet__________________________________________________
thick; top, 1,062 feet above sea level)Shale, dark(160
drab
_
Sandstone.
white;
grains very imperfectly rounded; calcareous cement;_
___________________________________________________________
much pyrIte
-----------------------------------------------------Shale, dark
blacklsh
drab,
pyrltUerous __________________________________________ _
Shale, light drab _____________________________________________________ _
Mississippian (499 feet thick; top, 902 feet above sea leve\)Dolomite. dark buff, with ftnely disseminated white slUca in granules;
also dolomite, blue-gray, hard, compact, In larger chips ____________ _
Dolomite, dark, buff, coarse crystaIlfne-granular _______________________ _
Shale,
light drab
blue, dolomite,
calcareousInbut
nonmagneslan,
pyritlferous; also much_
chips
_____________________________________
bulI and
Devonian and Silurian (160 feet thick; toP. 403 feet above sea level):
Limestone
or dolomite;
slow effervesccnce; light buff, ftne crystal-_
line-granular,
In small rather
chlps____________________________________________
Dolom te, light yellow-gray; in sand ___________________________________ _
Dolomite, buff; in small chips; crystalline-g.ranular ____ _______ _______________
Limestone, dark blue-gray; slow effervescence; rather small argillaceous
residue; some hard green shale and well rounded grains of quartz, at ___ _
Ordovician:
Galena dolomite and Platteville limestone (492 feet tblck; top, 248 feet
ahove sea leveI)Dolomite, brown, crystalline _______~--------------------------------Dolomite, brown. ftne-grained. compact _______________________________ _
Dolomite, light blue-gray, saccharoldal, cherty___________________ _
Dolomite, light yellow, In tine crystalline sand______________________ _
Dolomite, bulI, granular crystalllne_______________________________ _
Dolomite, cream-colored, in fine sand ______________________________ _
Limestone. whitish, rapid effervescence____________________________ _
Shale, greenish, facies of the Decorah ______________________________ _
Saint Peter sandstone (5 feet penetrated; top, 249 feet belOW sea leve\)Sand, white,
with much brown bituminous shale In drllllngs ___________ _
Shale
___________________________________________________________
_

l!'eet

2
20
183
0

2
22
1515

101

90

W.

8
150

2M
8M
3C»

5

12

121

19.
85

515
000

220

820

78
7
80

118)

893
900

IlSO

50

no
50
75
80

.a

75
59

1,080
1,140
1,190
1,265

1,295
1,838
l,~S

1,472

1,4'5
.------_ ... - -----5

AnaZyses at drilZings tram city deep well No.2, Rockwell Gity.
Depth of sample in feet
515-600

CaC03 ____________ _______ ________ _ .________________________________

56.588

~~~:.:~~i:--~~6~=-:=-:-:-:~==-=-:=-~:=========::=::=:::=::=-=~: 4g:~

H.O ____________________________ .. __ .________________________________

0.109

69.608
21.416

67,742
82.187

8 ,\187

6.841
3.140

1.898

-------1-------1
-----99.615
99.004
99.910

lMade In chemical laboratory of Cornell College, Iowa.
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It had been estimated that the Saint Peter sandstone would
be found at 300 f~ et below sea level (1,525 feet below the surface). In May, 1910, this formation was reached at 1,472 feet
beJ.,ow the surface.
Somers.-The Chicago Great Western well at Somers (population, 169) has a depth of 1,483 feet and diameters of 12
inches to 152 feet, 10 inches to 200 feet, 8 inches to 339 feet,
and 6 inches to bottom; casing to 660 · feet. 'T he curb is 1,157
feet above sea lev,el, and the head 60 feet below the curb.
The capacity ~s 100 gallons a minute. The water comes from
1,000 to 1,200 feet (small amount) and from 1,470 feet (main
flow). The well was completed in 1904 by C. A. Stickney of
St. Paul. Two sets of samples of the drillings have been examined, one having been sent to the United States Geological
Survey at Washington and one directly to the senior writer by a
contractor. The two are conflicting and several of the labels are
evidently incorrect:
.
Record, 01 strata in. railway wen at Somera.
Till (U. S. Geol. Survey sample ): Limestone. yellow; slow
effervescence; hard. dark drab; calcareous and siliceous
shale. all in fine sand ____________________________________ ~--------Limestone. gray; slow effervescence______________________________
Till. blue (U. S. G. S.)______________________________________________
Till. blue (U. S. G. S.): Limestone. light buff; slow effervescence; much white chert _______________________________________
Shale. dark. carbonaceous (U. S . G . S.); limestone • .crystalline. light yellow-gray. hard; slow effervescence________
Shale. blue (U. S. G. S . ); limestone. light buff. hard ; slow
effe rvescence ___________________________ _____________________________

Depth In feet .
60
60
76
106
155
210

Sha le. dark drab. carbonaceous (U. S . G. S. ) ; shale. blue.
non calcareous. pyritiferous. minu'tely are naceous___________
220
Dolomite. buff. porous. crystalline. in sand at 508. 520. and_
566
Limestone. gray. cherty; slow effervescence_____________________
680-689
Dolomite. crystalline; gray; much white and gray chert and
some rather fine rounded grains of quartz sand______ _________
1,315
Dolomite. buff; much white cherL_____________________________
1.320
Dolomite. drab and white; a few grains of quartz sand___ _
1,335
Dolomite. buff; with white cherL _______________________ ~ _____ _ ___ __
1. 340
Dolomite. light yellow-gray (U. S . G . S.) ; shale. dark "rab.
black when wet. apparently from Coal Measures a nd evidently misplaced ________ _____________________
1.345
~______________ _ ___ _ _ _

Dolomite. white. crystalline; in fine sand________________________
Dolomite. buff ________________________________________ _________________

1.350
1,355

Dolomite. white and gray; 1. 360 and_________ __ _____________________
Dolomite. light gray; with white sha l e _____________________________
Dolomite. light yellow _________________________ _________ _________________

1.365
1.370
1.375
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Record of strata in railway well at Somers- Continued.
Dolomite, gray (U. S. G. S.); limestone, light yellow, rapid
effervescence, compact, earthy luster ; some lithographic
with conchoidal fracture, probably misplaced___________
Dolomite, light yellow, crystalline__________________________________
Dolomite,
light
gray (U. S . G. S.); drab till, evidently misplaced
___________________________________________________

j.

1021

~~0

1,880
1,885
1,890

Marl, light pinkish yellow; large residue ot cryptocrystalline and crystall1ne quartz particles_________________________
1, 895
Dolomite, buff; cherty, at 1,400, 1,410, and..__________________
1,415
Dolomite, light and dark gray________________________________
1,420
' Marl; as at 1,895 feet_____________________________________
1,425
Dolomite, white, gray, and buff, some chert; 6 samples __ J.,.so-I,.70

It may be added that the driller who had charge from 660
feet to the completion of the well r.eports that for this distance the drill appeared to be working in one solid mass of
hard "lime rock." 'Tp.e dolomites from 1,315 to 1,470 feet
evidently belong to the Galena. (See Fort Dodge -section p.
918.
WELL DATA.

The wells listed in the following table may be considered
typical for the county:
Typical weZZs of Oalhoun Oountll.
".

"..
0

Owner

.s

Location

:5

:5

~

~

'"co

co

"'"

i:>.

:l

i!:

co

.c
"".c

'0'"

.....
"

:l_

0","

rn

0

0;

Remarks:
(Logs given in feet)

~~

~"

Feet Feet
Feet
Frank Oasey ____ 4 miles southwest of 162 ------ Sand ______ ,20 Bored well, 12 Inch.
Black soli, 8; yellow
Manson.
clay, 22; simd (some
water). 6', blue clay,
129; sand and water.
2;
no rock.
G. Baney ----- ~ miles north of Rock· 125 ------ ____ do ___ 40 Bored well, 22 Inch.
Black soil, 8; yellow
well Olty.
clay, 15; blue clay, 106;
sand and much water.
1;
no rock.
sam Ness ___ ___ 3 miles northeast of 800 280 Sandstone_ 90 Black soil, 4; yellow clay
20; blue clay, 106;
Somers.
gravel, (no water) , 6~
,
blue clay, 9S; sand, 2:
sandstone (water at,
bottom), 70.
B enry Arnold __ 26 miles eut of Man- 196 ---- Sand and
110 Black soil,S; yellow clay,
17; blue clay, 60; sand'
Ion.
vavcl.
(no water). 8; blUe
clay, 107; sand and
gravel and water. 6~
no rock.
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Typical wells of Oalhoun Oounty-Continued.

.!oj

C.>

...

0

Owner

.0

:S .

C.>

Po

.,
......

A

A

'"

en

£

Location

'.,"

a

"''c'""

"'-

0,,"

"
0

a;

Remarks :
(Logs given In feet)

.0
",.0

.....
.,'"

i:Q"

223 --- --- Gravel •••.

20

Black soU , 3; yellow
clay, 15; blue clay, 60;
YPiIOW clay, 25; blue
cay. 65; clay (harder),
50;
"hardpan" hard
clay, 1; gravel (water) •

198

------ ------------

17

Moody & Davey i mlle south ot Jolley 145
R. S. Middleton. 2 miles south of Lohr·
53
ville.
George Llnvllling· 5 m iles east·northeast 209
er.
of L ake Ol t y.

Water in
base.

129 Shale (?) •••
- ---- - GraveL ••••

22
15

------ ..•• do ..•.

100

_•• _ do ••• _

60

Oharil!s Dunnonn

miles south of Man·
son.

J. D. HunL .•••• ! mlle east ot Manson

-

Workman •• 8

mUes south·south·
east ot Lake Olty.

• , DO

126

------

rock.

rock

(1)

nt

No rock.

,

Black soU,S; yellow clay.
10; blue clay, 62; sand
and gravel (dry), 75;
yellow clay, 4; sand
and gravel (dry) • 46;
sand and gravel and
water, 9; no rock .
No rock .

CARROLL COUNTY.

BY W. J. MILLER AND W. H. NORTON.

TOPOGRAPHY.

Carroll county is divisible into two topographic provinces
by a line e:x;tending from the northwest to the southeast
corners. The line of separation is, however, not sharp. The
southwestern area is made up of low rounded hills and intervening valleys like those 'i n Crawford county, to the west, and
lis crossed by the high land of the Iowa divide. It is
cut by many small streams, of which Brushy creek, on the
east side, is the largest. The northeastern area is primarily
a flat ' country, poorly drained except in the vicinity of the
main waterways and showing only very broad, gentle undulations; North Raccoon river crosses its northeastern corner
and Middle Raccoon rIver flows along its western border.
Branching streams are few.

UNDERGROUND WATERS OF THE NORTHWEST DISTRICT
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GEOLOGY.

The loess covers half of the county, but thins eastward. In
the southwestern half of the county it rests everywhere on
Kansan drift. Wisconsin drift extends over all of the northeastern half and causes the' level l~nd of that regIOn. The
Kansan drift, under the loess or und~r the Wisconsin, is
spread over the whole county. The drift is exceedingly thick
in the western part along the Iowa divide and gradually becomes thinner toward the east. Rocks of Cretacous age, lying flat or dipping very gently eastward, everywhere underlie
the Kansan drift. (See PI. XI, P" 458.)
I

•

UNDERGROUND WATER.
SOURCES.

At least three well-defined water horizons are found in thedrift deposits of Carroll county-one in sand or gravel just:
below the loess at depths ranging from 10 to 50 feet below the'
ground surface; one in sand and gravel beneath the Wisconsin
drift at depths ranging from 70 to 150 feet; and the third in
sand or gravel just below the blue clay of the Kansan at depths
ranging from 150 feet to 400 feet. The beds at the last-named
ho~izon are the most widespread, persistent, and satisfactory,
almost everywhere yielding water in large supplies, unaffected
by S€asons. The greatest depths to water are fo~nd in the
western part of the county along the Iowa divide, where the
drift is deepest. In some wells water has been struck in sandy
layers within the blue clays of either the . Wisconsin or the
Kansan drift.
Little is known regarding the sourc·es of water in the rock
formations underlying the drift, but a f·ew wells have been
drilled through the thin Cretaceous beds, and derive theirwater from the' Upper Coal Measures (Missouri stage).
In the lo~ss-covered southwestern half of the county manydug wells ·obtain water from the sands and gravels below the ·
loess and below the blue clay of the Kansan. In the north.eastern half of the county, where Wisconsin drift ,overlies the

..
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Kansan, many drilled wells obtain water at the base of the
Wisconsin and at the base of the Kansan.
In the northeastern area, especially toward the east side of
the county from Lanesbo~o southward to Coon Rapids, the
drift deposits, like the gr,ound surface, slope gradually downward from the Iowa divide, -and low ground along the stream
courses affords conditions favorable for flowing wells. A number of such wells are found a10ng North Raccoon river or
Middle Raccoon riv·e r and its tributaries and on low land near
them, where the head of water is great enough to cause overflow. The gathering ground for this water is probably on the
higher land farther west. The water in most of these wells
is thought to come from gravel under the blue clay of the Wisconsin at depths ranging from 25 to 130 feet according to location. Along Willow creek, in the extreme southeastern part i()f
the county, flowing wells are easily obtained at depths ranging
from 25 to · 40 feet.
SPRINGS.

In the eastern part of the county along the principal str,eam
bottoms, such as North Raccoon river and Middle Raccoon
river, are many small springs, most of them from the Wisc~n
sin drift.
CITY AND VILLAGE SUPPLIES.

Carroll.-Carroll (popUlation, 3,546) is supplied from three
wells 113, 116, and 120 feet deep. The water is pumped to a
. standpipe, whence it is delivered by gravity through 4% miles
of mains to 38 fire hydrants and 300 taps. Three thousand people use 150,000 gallons daily. The domestic pressure is 85
pounds and the fire pressure 100 pounds.
The drilling of a deep well at Carroll (elevation, 1,251 feet)
is not discouraged, but it should be definitely understood that
the quantity and quality of the water in the deeper rocks are not
certain. Some water will be found in the drift, in the sandstone interbedded with the heavy shales of the Cretaceous and
the Pennsylvanian, and in the underlying Mississippian lime-
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stones. Water should also occur in the dolomites (Galena),
hundreds of feet thick, that intervene between the Mississippian and the Decorah shale. If the general attitude ,o:f the
deep strata assumed for western Iowa prevails here, and there
is no local deformation, the Saint Peter sandstone lies about
400 feet below sea level, or 1,650 feet beneath the surface.
For a town the size of Carroll a well should be sunk through
the Saint Peter and the underlying creviced dolomites and porous sandstones, which as a rule yield far more generously.
When the drill reaches any considerable thickness of glauconiferous shales ,o r marls, drilling should be stopped. The water
may be expected to belong to the sodie sulphated class. If the
upper waters from the Cretaceous and Carboniferous are admitted to the well the water will probably be distinctly more
highly mineralized.
Minor supplies.-Small village supplies are summarized In
the table below: .
Minor supplies in OarroZZ Oounty.

Pressure

:a.""'"
'""

!l
<1

Tow,?

Nature of
supply

Pumping
system

Distribution

~

"

::;

'"a'"

0
~

""
'"1!

I»

...'"

~

';;
"'"
::a

~

,

..'"'"

Eo<

.'"
<1
0

~

'"

P<

6.

a
iil<1
0

'

"1»<1

:;::0

=:;;

~

Galls.
lbs. lbs. Miles
(1)
Gravity from
1
15 40
850 12,000
Ooon Rapids. Well 90 feet Steam
40
deep.
pump.
tank.
double
acting.
(air) 20-70 70
Glldden ______ 2 wells 122 Gasoline
Direct
12 140
700 30,0001~
182 engine
and
pressure. a
40,000
and deep
feet deep.
wen
pump.
Manning _____ 17 d r I v e n Steam
Gravity from 6O-S0 80+ 1.1 18 161 1,200 80,000
wells wi th pumP.
tank.
s a n d double
points. l!.
action.
I

.

a One tank In reserve for lite.
l! Ona well dug for fire only.

65
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WELL DATA.

'T he f.ollowing table gives data of typical wells
county:
Typ i cal wens

01

"

0

<:.>

.,.0

0

£"

Location
.d

Source of
supply

~

..., ...,'"
Po

Shrower ______ 2 miles east of ArcadIa.
rown _________ Glidden -------

~.

Mrs . O. J. Brown 7 miles

southeast
of Glidden.

O. O. DuttolL ___ 5 miles

south. 2
miles east of
Glidden.

Ohas. Stuteman __ 5; miles north, 2
miles west of
Glidden.
M. J. Rleres ___ __ 1 mile northwest
of Oarroll.
W. Anderson ____ 5 miles northeast
of ArcadIa.
R. Eklers _______ 6 miles south of
ArcadIa.
OhIcaeo & North Oarroll ----_____ _
Western Ry .
Mr. Kelly _______ _ 8 miles south of
Lanesboro.

Carroll

Carron County.

...
Owner

ill

,.0 ""

.0<:'>
,,~

'0 0

Remarks:
(Logs given In feet)

" 0;

~.o

Feet Feet

360 Sandstone

Feet

-- ..... -75

Drift. 860; sandstone, (().
________ _ - 711 SolI, and yellow clay, (();
blue clay, 50; sand, 82;
no rock.
175 ______ Gravel
and - 80 20 foot bed water-bearlna'
sand.
sand at bottom. Gasoline en&1ne pumps 90
gallons a minute. No
rock.
175 _________ _____ _____ Unsuccessful
well. Black
4211
solI, yellow clay, blue
clay, gravel (no water),
175; sandstone, 25; shale
(hard and black) and
sandstone layers , 218;
coal,8.
816 ______ Gravel _______• - 4 Flows through pIpe out
of sIde of well. No rock.
400

122 ______ Sand

I

485 ______ Sand

a n d -100 8-foot sand bed at bottom. No rock.
or _____ _
cemented sand
400+ ___ ___ Sandstone ___________ Sandstone or consolidated
sand.
158 ______ Sand _________ _ _____ _ Steam pump for railway.
No rock_
70 _____ Gravel _________ __+ Flows at elevatIon of several feet. Yellow clay
and pebbles, gravel , 20;
blue clay, 85; sand,
gravel (water), 15; no
rock .
Y. Moore _____ _ 2 miles nortneast 248 ______ Gravel and
- (() No rock .
of Lldderdale _
sand.
Kr. Arneal _____ _ ~ mile west of LId- 288 ______ Sand ________ - (()
Do.
derdale.
G. W. Stout____ Ooon RapIds ____ _ 250 _____ Sand or sand- -190
stone.
Do • •
400

gravel.

(1) Sandstone
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CHEROKEE .COUNTY.

BY O. E. MEINZER AND W. H. NORTON.

TOPOGRAPHY AND GEOLOGY•

.Cherokee county occupies a gently undulating upland plain,
most of which is mor,e than 1,300 feet above se·a level and a part
more than 1,400 feet. Intrenched in this upland is the valley
of Little Sioux river, whose flood plain throughout most of its
course is less than 1,200 feet above the sea.
The upland surface, is covered by a thick layer of glacial drift,
whose upper portion is somewhat yellowish and gravelly, but
whose deeper portions consist chiefly of a denser and darker
bowlder clay. In the valleys water-laid deposits of gravel, sand,
and clay are found at the surface. Below the glacial drift is a
stratified series of s,o ft blue shale and poorly cemented s'andstone, suppos,ed to be Cretaceous in age, and below this are
. older sedimentary formations. (See PIs. VI, p. 310; XVII, p.
1006.) The Cretaceous strata have apparently been entered by
the drill in a number of wells, and the underlying older formations have been deeply penetrated at the Hospital for the Insane
at Cherokee, in a well sunk from the upland level to a depth of
1,070 feet.
UNDERGROUND WATER.
SOURCES.

The water supplies are derived from the alluvial sand and
gravel, glacial drift, Cretaceous sandstones, and pr,e-Cretaceous
sandstone (deep well at Hospital for the Insane).
The alluvial sands and gravels are practically restricted to
the valley of the Little Sioux, where they yield copious quantities of water, which is of excellent quality where the wells are
protected from pollution.
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The clay and gravel that constitute, the upper layers of glacial
drift are tapped by several thousand shallow wells and furnish
nearly all of the water used for culinary, stock, or other purposes on the extensive upland tracts. The abundance and permanence of the supply from this source vary with different localities according to the amount of gravelly material and the depth
at which it is found and also according to the topographic relations that determine the ease with which the water may be
drained from these porous beds. Where conditions are favorable the supply is ample at all seasons, but where they la re adverse serious difficulty is lexperienced during dry years. The
wells are generally sunk in low places, the conditions being so
local that radical differences are found in different parts of the
same farm. The water is hard, but is otherwise generally of
good quality.
A small number of drilled wells end in sand and gravel at or
near the base of the drift, and most of these wells are giving
satisfactory service. In some localities, however, water-bearing
deposits have not been found in the deeper portions of the drift.
Only a few wells extend to the C:vetaceous. Some of these
are successful, but in othel'ls there is difficulty in separatiDg the
water from the fine incoherent sand. The water from this
source rises to about 1,200 feet above sea level. Thus on the
uplands it remains 200 feet, more or less, below the surface,
but in the Little Sioux valley in some places it overflows. It
should not be supposed that because flows are obtained in the
valley they can also be obtained by deep drilling on higher
ground.
HEAD.

The following table gives approximate data as to the head of
the water in some of the deepest wells in the county:
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T able showing head of w ater i n 'Cherokee Oounty.
Height to which
the water rises
Description

Fc~t
F eet
F-190
eet
Aurelia village we)) _________ ___ __ __ ___________________._ .. __ .. ___
l,:lR7
SOl
Group o f farm wells near Aurelis________ ___________________ _
l ,390a 300-375
-l90a
Three Oherokee city welis______ ________________ _____ __ ___ ____
l,lSOa 165-~OO
+0
1,3500
843
- 150
Two hospital wells a t Oherokee___________ __________________
Group of wells between Oherokee and Quimby_______ __ __ _____ l ,l 90-l ,2()(1
100 + Ot o-l 0

~re o r

F eet

l,Hn
1,200a

1,180
l,200a
1.100

l ess_

CITY AND VILLAGE SUPPLIES.

Aurelia.-The well which furnishes the publio supply of
Aurelia ' (population, 625) is 301 feet deep and ends in sand from
which water rises within 190 feet of the surface, or very nearly
1,200 feet above the sea. It has been tested at 50 gallons a
minute. The water is lifted from the well into a cistern from
which it is pumped into two air-tight tanks and thence distributed by ,a ir pressure through more than a mile ,of mains to 14
fire hydrants and 23 taps. A small portion of the peop1e use
the water, and it is reported that about 6,000 gallons are consumed daily.
Gherokee.-About half of the people-,of Cherokee (population,
4,884) 'a re supplied from the city waterworks and the other half
from private wells, most of which are shallow. The public
supply is obtained from three flowing wells 165 to 200 feet deep,
situated in the valley and ' apparently ending in sandy Cretaceous strata. The artesian head is about 1,180 feet above sea
level. The water is allowed to discharge into an underground
reservoir from which it is pumped into a standpipe and distributed through the mains by gravity. There are 40 fire
hydrants 'a nd appr,oximately 400 taps and it is estimated that
115,000 gallons of water are consumed daily.
At some date preceding 1890 a deep well was drilled at Cherokee in the center of the town. The following record is given
by Todd: 1
l Todd, J . E ., proc. Iowa Acad. ScI., vol. I , pt. 2, 1892, p. 14.
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Ola city well at Ohero1cee>.

I

Thlckness.jDePth.

I

F~
400 Fee~
'100

Pleistocene. light
or unknown------------------------------------------------1
Limestone,
blue _______ _________________________________________________
Shale, blue, or soapstone ______________________________________________ .

260

960

Well No. 1 of the State Hospital f.or the Insane has a depth
of 1,070 feet. The curb is 1,338 feet above sea levlel and the
head ,150 feet belQw curb . . The tested capacity is 60 gallons a
minute. Water was found at 240, 435, 470, and 725 feet (rising
within 180 f.eet of the curb), and from 1,012 feet to the bottom
(rising within 150 feet of the curb). Date ,of completion, 1902.
Driller'1S zog

01

State Hospital well No.1, at Ohero1cee.

ThICk'!
! ness Depth
Loam, black ______________________________________________________ - __________________ _ Feet4
Olay, light yellow ___________________________________________________________ _______ __ _
86
Olay, dark yellow ________ ______ __ ___ ___________________ ___ _____________ - ____________ _
20
Olay, blue·gray; gravel _______________________________________________________________ _
20
Olay, light blue; gravel _____________________________________________________________ _
40
Olay, dark blue ___________________________________ ____ __ _____________ -------------- __ _
10
Clay , blue·gray; gravel ____ ______________________________________________________ _
SO
Clay. dark blue ___ ___________________________________________________ -------_____ _
80
Quicksand ________________ . ___________________________________________________ "_____ _
15

g~?~!aiid_::============~============================================================

Clay, gray-blue ______________________________________________ ________ -------__________
Olay, pink and blue _________________________ ____ _______________________________ _
Olay, blue·gray _______ .. _______________ __ _____________________________ ------______ _
Olay, dark blue ______________________________________________________ - _____________ _
Sandrock ______________________________________________________ -------------________ _
Slate____________________________________ ____________ _-.------------------------___
Slate, pink ______________________________________________________ --------- ----________ _
Gravel ______________________________________________________ --_________________ _
Slate, gTay ____________________________________________ . -------- ____________________ _
Slate, pink and red _____________________________________ . ______ ______________________ _
Limestone, gray _______________________________________________ _______________________ _
Sla te, gr a y ______________________________ ___ __________________ ____ ---- -___ ____________ _
Limestone _____________ ________________ ________________ _______________________________ _
Slate, light _________________________________________________________________________ _
l .,i mes to ne ______ __________________________________________ _______ ___________ _
Sandrock ______________________________________________________________________________ _
Slats __________________ _____________________________________________________________ _
Sandrock ___________________________________________________________________________ _
Limestone , crevice of 10 feet at 735 feet ________________________________________ _
Slate _______________________________________________________________________ _
Sandrock ________________________________ _____________________________ ____ _________ _
Shale, soft, crumbling

5
10
10
10
50
15
20
10
15

5
5
20
20
20

10
10
15
5
15
10
430
50
55

Feet
4
40

60
80
120
130
160

240

255
260
270
2SO
290

840
855
875
885

400
405

41~

180
450
470
4SO
490
505
510
525

5S5
005
1,015
1,070
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Record ot strata in State Hospital well No.1, at Cherokee (Pl. VI, p. 310;
Pl. XVII, p. ' 1006).

I

Tblbk- / Depth.
ness.

Quaternary
(100 feet thick; top, 1,338 feet above sea leveD:
son ____________________________________________________________
_ Feet
OIay, pale yellow, calcareous; with sand and sman pebbles: a till, 2 samples
Olay:
as blQWPipe
above. with
flakes of drab s!Itlike clay, thl1 dark color disappearing
_______________________________________________
___ _
before
Till, yellow: slightly darker than at 10 feet; calcareous _______________ _
Till; as at 30 1eet_____________________________________________
Till, greenish drab, calcareous ______________________________________ _
Till, blue _______________________________________________ _
Till. drab ________________________________________________ __________________ _
Olay, line, yellow-drab, dense; nodules of lime; limestone pebbles numerous;
drilI!ngs cont ain pebbles of northern drift, and soft. lignjtic coal: 8 samples
dense; reddens before blowpipe: destitute of pebbles: calcareous,
Olay.
grittydrab,
___________________________________________________
___ _
Olay; a8 at go feet ___________________________________________ _
Oretaceous (275 feet tblck; top, 1,178 feet above sea level):
Shale,
darkcemented
drab, gritty;
few8 Ifsamples
any pebbles
present; very sightly calcareous:_
In tough
masses;
_______________________________
Sandstone, fine, Jrnlen-gray ________________________________________ _
Sandstone, coarse, yellow ____________________________________ _
Sandstone, line, yellow ___________________________________________ _
Sandstone, light gray, fine, argillaceous ______________________________ _
Shale, light gray, noncalcareou8, gritty ____________________ __________ __ _
Shale. drah: In molded masses with no cuttings of fllssile sbale: gritty. practically noncalcareous;
less argillaceous than Maquoketa and Pennsylvanian_
10 samples __________________________________________________
shales:
Sandstone,
light gray,
fine: grains but slightly
rounded: mostly of clear_
ouartz. 4 samnles
___________________________
______________________________
Sandstone; as above, somewhat arglllaceous ____________________________ _
Shale, white, highly arenaceous: grains mfnute: noncalcareous ______________ _
Shale, ocher-yellow: as above _______________________________________ _
Shale: as at 880 feet ________________________________________________ _
Sandstone, yellow, coarse, arglllaceous _______________________________ _
Shale; as attine.
380 feet
-----------------------------------------------------Rnnnstone.
brown
____________________________________________ _
Shale, pink, noncalcareous _______________________________________________ _
SIl ale. yellow -gr a V ________________________________________________ ________________ _
Oarbonlferous
(Mississippian)
(220 feet thick: top, 903 feet above sea level):
Ohert, white
___________________________________________________________________
_

10
20

Feet

10
30

~

~---------

10
10
10
10
10
10

40
50

00
70
80

go

30

120

10

130

~

dark
andchips
light_______________________________________________________
drab; granular-crystalline, rather soft; rapid effer-_
Limestone,
flaky
vescence; In
Limestone, gray, arglllaceous; minute fragments In the mfdst of powder;
Inrge (luartzose residue with some chert ____________________________________ _
Shale, blue, calcareous ______________________________________________________ -----_
Ljm~stone, d 8 rk drs b. hard. crystalline; moderately slow effervescence_____ _
Limestone. earthy; light yellow-gray; rapid effervescence; In large flakes _____ _
Sandstone; grains Irregular In form, varying widely in size, mostly of clear
ouartz, but some of reddish cryptocrystall!ne silica; considerable shale___ _
Limestone,
light gray, nonmagnesian, fine-grained: much sand and shale;
samples ______________________________________________________
----8
Sandstone, grains sub angular ________________________ "________________ _
Limestone, light yellow and drab; nonmagneslan ____________________________ _
gray; grains Irregular, mostly of clear quartz, but some green----__
and
Sandstone,
red ______________________________________________________
Shale
and
limestone;
large
fragments
of
green
shale;
small
chips
of
limestone
with quartz sand ________________________________________________ _
Sandstone, gray; as at 610 feet __________________________________________ _
Ohert, white, and some light gray nonmagnesian IImestone. ____________________ _
Limestone,
light gray; brisk effervescence; soft; with considerable chert; S_
samples ____________________________________________________________
Limestone, light gray; moderately
______________________________ _
Limestone,
dark drab, argillaceous, soft; In large flakes; brisk effervescence;_
cherty ____________________________________________________
Limestone, dark brown, cherty ______________________________________ _
Limestone, dark brown; moderate effervescence; some chert__________________ _
Limp@tone; /trav. cherty: moderate efIervescence _______________________ ~ __
Limestone and chert; drlll!ngs largely quartz sand, probably from above ___ _
Limestone, drab; effervescence slow: cherty ___________ --------------___ _
Limestone, blue-gray, highly argillaceous _______________________________ _
Limestone,
brisk effervescence; granular drlllings consist largely of fine quartz_
Band ___________________________________________
eff~rvescent

30
80

15
11
10
10
10

100

240
255

200
270
2BO
2IJO

66

855

20
6
10

375

Ii
Ii

895

5
10
10
5

380

8IJO

400
405

415
425

Ii

430
435

Ii

UO

10

450

10
10
5
5

400
470
476
480

5

485

15
6
6

600

505

610

Ii

516

10
10
5

626
535
640

15
10

655
665

10
10
10

675
585
695

5

000

10
15
5

610
625

25

655

680
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Record, of strata in &tate Hospital wen No.1, at Oherokee (Pl. IVII).
ThiCk" Depth.

ness.

Ordovician:
Galena and Platteville limestones (360 feet thick; toP. 683 feet above sea level)- '
Limestone, magnesian; In 1lne powder; 4 samples ________________________
Dolomite, and
blue shale
gray; some chert in places; 64 samples___ ___ ____ ________
Dolomite
_________________________________________________
. Shale, blue; 9 samples ____________________________________________________
Saint
Peter sandstone
feet thick;
top, 823 feet above sea leveI)Sandstone,
white; 6(55samples
_________________________________
Sandstone; no samples ___________________________________________
Prairie du Ohlen stag&Shale (Shakopee), soft; no samples.

Feet
20
286
6

Feet
1175
960
9Il6

60

1,016

20
85

1,085
1,070

Analysis Of d,rilZing at 765 feet."
CaeO ____ __ __ __ __ ____ __ ____ __ __ ______ __ __ __ __ ______ _____ __ _____ ____ ______________ 60 .29
s
MgCO ___________________________________________________________________________ 41.47
s
Si 0 ------ - __ ____ ____ ______ __ ____ ________ ___ _______ __ ________ ___ ________________ 4.92
0

FeoOs------------- ----- ------------------------_______________________________
AloOs__________ ________________________ __ __ ________________
H "O ____________________________________________________

~______________________

~________________________

.89
.67
2.68
100.92

Well No.2, at the State Hospital for the Insane, located 80
feet from well No.1, has a depth of 343 feet and a di'a meter of
12 inches; 12-inch casing to 335.5 feet. Water enters between
330 feet and the bottom. 'T he maximum daily yield is reported to
be 125,000 gallons. The well was drilled a few months a.fter
the completion of well No.1. Its water is said to be much the
better, but it contains s'ediment which varies considerably in
quality from time to time. For weeks together the water will
remain so clear that it can be used in the pipes and flush tanks
of the institution without trouble and for all domestic purposes;
it may then suddenly become so :filled with silt as to wear the
pump leathers and deposit sediment in the flush tanks, and a
week or two of pumping may be ~equired to clear it.
Marcus.-The public supply of Marcus (population, 896) is
derived from two dug wells, each 10 feet in diameter and 20
feet deep; they seem to furnish an adequate and dependable
supply. The waterworks include 1 1-3 miles of mains, with
which are connected 16 :fir,e hydrants and 67 taps. It is estimated that the water is used by approximately one-third of
the popUlation.
"Made in chemical laboratory of Cornell College, Mcfunt Vernon, Iowa.

.
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CLAY COUNTY.

BY O. E. MEINZER.

TOPOGRAPHY.

Clay county is bordered on the east by a belt .o f high land
characterized by irregular morainic topography, with numerous
lakes, ponds, swamps, and sloughs. Farther west the surface
is more gently undulating 'a nd somewhat better drained.
Little Sioux river flows irregularly southward through the
central part of the county; after crossing the southern boundary
it turns northwestward, reenters the county, and cuts across the
southwest corner. Its valley is wide and shallow in the north,
but becomes deeper and narrower downstream.
The highest parts of the county are along the east and west
margins, where the general altitude is between 1,400 and 1,500
feet above sea level; the lowest point is where the Little Sioux
Cl'losses the west boundary, below the village of Peterson, at an
altitude of scarcely more than 1,200 feet.
GEOLOGY.

The surface deposits of may county comprise outwash
materials and bowlder clays. The outwash materials consist
of stratified gravlel and other sediments. They occur along
Little Sioux river 'a nd are well developed in the vicinity of
Spencer. The bowlder clay, which has an average thickness of
several hundred fleet, is yellow and gravelly near the surface
but denser and darker ·a t greater depths. Interbedded with it
are a few lenses of sand and gravel.
Beneath the bowlder clay there is a stratified series of soft
shales, limestones, 'a nd sandstones of probable Cretaceous age.
The following is the driller's log of the deep well of D. C.
White:
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Section 01 defIP wen 01 D. O. White at Webb.

I

Tblckness· IDePtb.

Clay, yellow, etc. _______________ __ _________________________________________________ ._ Feet 40
Olay, blue _______________________________________ ____ _____________________________ _
· 145
Sand _________________________________________ _____________
8
. Olay, blue _____________________________________________________________________ _
88
Olay, yellow _________________________________________ _________ ____-____________ _
84
Olay, dark blue _________________________________________________________________ _
00
Olay, IIgbt blue, and sand _______________________________________________________ _
97
Quicksand and gravel _______________ ______________________________________ ----4
Limestone and sandstone ______________________________________________________ ---119
Soapstone.

----------T-

~

Feet
40

185

1M
228
260
850

'47
451
liM

UNDERGROUND WATER.
SOUROES.

The horizons from which water is taken may be grouped as
outwash sands and gravels, surficial portions of the glacial
drift, s'a nd and gravel deposits in the deeper portions of the
drift, and Cretaceous sand strata.
In the valley ,of Little Sioux river, and also in a rather extensive low-lying area 'associated with Little Sioux and Ocheyedan rivers east of Spencer, outwash deposits furnish an abundant and permanent water supply to very shallow driven wells.
Elsewhere most of the !?upply is obtained from shallow wells
bored or dug into the upper part of the unstratified glacial
drift, from which they receive seepage.
The drilled wells, which constitute a very small percentage of
the total number, are supplied from deeper horizons that probably belong to the drift, although the sections of only a few
wells were obt'ained. In depth they range from less than 100
feet to at least 550 feet. In the Little Sioux valley, especially
in the lower portion, the water in these wells rises nearly to
the surface, but on the uplands. it remains at considerable
depths. Thus in the village well at Peterson, situated in the
valley, the water comes within 30 feet of the surface, whereas
in the deep well of D. C. White at Webb it stands 180 freet below the surface, though in both wells it rises to approximately
the same level, about 1,200 feet above the sea.

•

UNDERGROUND WATERS OF THE NORTHWEST DISTRICT

1035

The deepest water-be~ring formations have not been reached
by the drill, but successful deep wells have been sunk at Emmetsburg and Mallard, about 12 miles east of the east boundary.
(See pp. 1071 and 1072.) In Clay county the head of the water
from these deep formations would probably not be higher than
in the deepest wells 'a lready drilled. At Spencer the surface
elevation is 1,315 feet above sea level and the deep water would
probably not rise higher than 1,200 feet.

.

CITY AND VILLAGE SUPPLIES.

Retterson.-The village well at Peterson (population, 480) is
90 feet deep, the last 20 feet being in sand and gravel. It is
. pumped 'a t 20 gallons a minute and is giving satisfactory service. The water is lifted into a surface reservoir ,on the top
of the valley cliff and thence distributed by gravity. There is
a small system of mains with five fire hydrants and 20 taps.
The average daily consumption probably does not exceed 1,500
gallons.
Spencer.-The public supply of Spencer (population, 3,005)
is obtained from three 16-f.oot wells, one 40 feet, one 16 feet, and
one 8 feet in diameter, dug in outwash sand and gravel. The'
wells will fill within 5 feet of the top and furnish 1,000 gallons
of water 'a minute. The water is pumped to an elevated tank
and distributed through 4lh miles of mains to 21 fire hydrants
and about 200 taps. Approximately 1,000 people are supplied,
and 100,000 gaUons are consumed daily.
CRAWFORD COUNTY.
BY W. J. MILLER.

TOPOGJtAPHY AND GEOLOGY.

Crawford county lies just west of the Iowa divide and its
principal drainage slope is toward the southwest. The surface
is made up of low rounded hills, the rolling contours being somewhat more pronounced in the western portion than in the east-
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ern. The region is thoroughly dissected by many branching
streams, the largest of which, Boyer river, flows 'a cross the
county from northeast to southwest. Soldie~ river and its
branches flow aCI~OSS the northwestern part.
Both the loess and the Kansan· drift are well represented, the
combined thickness on the Iowa divide being 450 to 550 feet,
much above the average for the state. Both the loess and the
Kansan are spread over the: entire county. Over much of the
county the Kansan drift rests on rocks of Cretaceous age, chiefly
sandstones. In places, however, heavy limestones, probably of
Missouri ·age, immediately underlie the glacial deposits. Except for variations in the thickness, the drift deposits are horizontal. 'T he Cretaceous rocks. p~obably dip slightly westward;
. the older rocks lie nearly flat or dip slightly eastward. (See
PI. XI, p. 458.)
UNDERGROUND WATER.
SOURCES.

. The water supply of Crawford county is largely obtained
from shallow dug wells and the supply in general is not altogether satisfactory, because many of the wells are affected by
the seasons 'a nd fail altogether in times of extreme drought.
There are two important water horizons in the drift deposits.
One is found in sand or gravel just below the loess and is
reached by wells that range in depth from a few feet to 75 feet,
depending on the thickness of the loess; this is the so-called
"first water" level. The second horizon is found i:p. sand or
gravel just below the blue clay of the Kansan drift. Though
much more satisfactory than the first, comparatively few wells
extend to it, as it lies 140 to 500 feet below the surface, the
greater depth being in the eastern portion of the county. Wherever tapped, however, it yields a never-failing supply. A few
wells obtain a good water supply from local layers of sand or
gravel within the blue clay, but as a rule these layers are either
dry or yield little water, and in some of them the water is so
heavily charged with decomposing organic matter as to give off
a disagreeable odor.
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A.: few wells have passed through drift deposits into the underlying Cretaceous sandstones or Missouri limestones. Most
of the deeper rock wells are in the eastern part of the county.
SPRINGS.

Springs are not common in this county. Small sprmgs or
seepages from the drift are found along the chief stream
courses.
CITY AND VILLAGE SUPPLIES.

Denison.-Denison (population, 3,133) draws its supp~y from
two wells 25 feet deep, which it pumps by steam, delivering the
water by gravity from a standpipe with a pressure of 45 to 90
pounds. There 'a re 6% miles of mains, 42 fire hydrants:, and
600 taps. Three thousand people use the water, consuming
98,000 gallons dai1y. The supply is apt to run short in dry
weather.
According to Norton, any deep well forecast for Denison must
be bas'ed on the ~upposed general succession of formations
deeply buried below the surface and pierced by no wells within
scores of miles. Whether the Saint Peter sandstone extends this
far west is uncertain though probable. The drill may be expected to pass first through heavy Pleistocene deposits of stony
clays and s'a nd and gravel beds and through heavy Cretaceous
and Pennsylvanian shales with some sandstones; below these
beds it will find Mississippian limestones, probably in part
cherty. These limestones may be expected to rest on dolomites
of uncertain age, 'accompanied by much argillaceous limestone
and considerable shale. It is quite possible that the shale of
the Platteville will be found to rest directly on the arenaceous
dolomites of the Prairie du Chien stage at ,a bout 200 feet below
sea level; or the latter may be absent and the Ordovician sandstones may not be found higher than about 1,350 feet from the
surface. From a level about 1,350 f,eet below the surface the
drill will very probably pass through several hundred f,e et of
sandy dolomites and sandstones which carry water; and a well
1,500 or 2,000 feet in depth is not likely to fail of moderate
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success. Water will not flow from these deep formations but
should rise within pumping distance.
Minor srupplies.-The following table summarizes minor village supplies.
Minor Su.pplies.
Pressure

--Nature of
supply

City or town

Pumping
system

Distribution

Q)

a
0

A

~

] ;;'"
.,

~
.,
Q)

'"<i. Si:.
'"".,., "'"

.~

-;;;

.....

s:l
0

., 0.,'"
...

'" '"~ ..'"

-0;

~ ::a

I»

Q)

~

Eo<

t>

Remarks

1»'"

:;:0
=:0,

A

gals.
Ibs. Ibs
feet Gasoline englne_ Gravity from 100 100 !(f) (t)
----- Good
supply.
reservoir on
high hill.
Oharter Oak__ 10 driven wells Steam pump. Gravity from 5(Hl() 902
800 ----- Good
and 1 dug duplex.
supply.
tank.
well (22 feet
deep).
a I r ---- ._- t-Dow Olty_____ Dug well _____ Gasoline englne_ Direct
----- Plant
pressure.
recently
Installed
lIan111a _______ 2 wells 64 and Steam
pumP. Gravity from 21>-40 ___ 2 26 65800 9,000 Good
tank.
68 feet deep. compound.
supplJ.
Dug well SO Gasoline engine. Dlrectalr
70100 1
!! 401Ji() 18,000 Shortace
Schleswig
pressure.
feet deep.
In drJ
weather
Vall _________
6b __ . 1.7 22 811200 8.~ Good
8 driven wells Gasoline engine Gravity from
tank.
and 2 dug
and windmill.
10.000 supply.
wells 80 feet
t
deep.

ArIon ______

---

Well (0
deep.

--- ---

--- ---

---

WELL DATA.

The following table gives data of typical wells
county:

ill

Crawford

T1IPical wells of Orawford, Oo-u.nt1l.
i:.

>l

t>

"'"
C;

...0
Owner

Location

.c

;;,

~

A

A

Q)

G. Schelon ____

J miles

south of
Oharter Oak.
H. Planggie ___ S miles west of
Oharter Oak.
Ohas. Reynolds 8 miles west of
Dow Olty . .

.E

t>

.0
",.0

0'"

~t>

,,-

"'1»

'"
Q)

00

Feet Feet

104 ----- Gravel

104 -----

i1:

0

.....
Q)"

Feet

---- -46

____ do _____

825 ----- Sand

Remarks:
(Logs given in feet)

0;

Q)

Dug well. No lOck.

-72 No rock.

of
-------- -265 Abandoned on accountloam
Quicksand. Yellow
(water toward bottom).
45; bluish black clay (bad
odor). 50; blue clay. 118;
I8n<l
"hardpan,"
';
(water), 10: no lOck.
-224 No rock.

I

1Ir. DuDham

__ Ij

miles northwest of Dunlap

264 ----- Sand and
&,ravel.
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Typical wells oj Crawford Oounty- Continued.

.!oI

Po

0

"0'"

.
S

<>

Owner

Location

.d

~
a>
A

W. Butterworth Dow Olty _____
McOaUrey BroB. 6 miles north of
West Side.
Henry Mont __ Denison ________
Jonathan Miller 7 miles northeast
of
Denison.
SW.1 sec. 16
Milford Tp.
D. O. FrBDklln 3~ miles east of
.
Denison.
J . Barnhotf ___ 41 miles southeast ot Vall.

.....
a>

<>

"'-

o~

ell

~

0

a;
.c
"".c

Remarks:
(Logs given In feet)

~~

~<>

82 ____ Sand _____ -'Ill
Do.
350 Sandstone __ -366 Yellow loam and blue clay.
35; sand and blue clay.
45; sandstone. limestone,
sandstone (water). 812.
180 ____ Sand ------ ---- u~~S~at~~. a*~~~k?f lack
492
460 ________________ Loess, 20; till, bowldery. 66;
blue clay. bowldery. 885;
llmestone. blue-gray, 80.

662

404

672

miles northwest of Denison.
Town _________ Manilla ________ '-

85

Olayton Baker_ 4 miles north of
Manilla.

515

Henry Naeve __ 1 mile east of
Schleswig.

393

George Span __ 6

'"

68

880 Sandstone ___ 30+ Sandstone at 880 feet.
662 ___ _ do ______ -360
Loess. 20; clay. blue and yellow, pebbly, 80; blue clay.
100; Upotter's clay, u 850;
sandstone, gray. 22t.
______ Sand _________ - 35
Water has bad odor. Auger
was llfted by water. No
rock.
______ Gravel and - 12 Pumped by Bteam. No rock.
sand.
__________ do ______ -260 Yellow clay, 75; sand (water)
2: blue clay and pebbles.
403; "hardpan. n 20; sand
and gravel (water.) , 10.
One of the deepest drift
wells In Iowa. No rock.
_____ . Sand _____ __ _ -323 No rock.

DICKINSON COUNTY.
BY O. E. MEINZER.

TOPOGRAPHY AND GEOLOGY.

Dickinson county is wholly drift-covered. Its topography
ranges from gently undulating in some localities to irregularly
mO.rainic in others. The surface is imperfectly drained, and
the county contains several large lakes, such as Spirit, Okoboji,
and Silver lakes, besides innumerable smaller lakes, ponds, and
swamps. According to railway surv,eys the altitude is 1,469
feet above sea level at Lake Park, 1,413 feet at Spirit Lake,
1,441 feet at Milford, and 1,417 feet at Terrill.
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The glacial drift is so thick in this region that the drill has
very s'eldom reached the soft blue shale and white sand of the
Cretaceous upon which the drift is supposed to rest in all parts
of the county. In the following approximate section of the
deep well drilled for the Chicago, Rock Island & Pacific Railway at Lake Park the drift probably extends to the depth of
' 250 feet:
Section of deep railway wen at Lake Park.

IThickness. [nepth.
black and yellow CIBy- ---------- -------------" i
Soil.
Shale,yellow
clay, clay.
sand, blue
etc. clay,
___________________________________________________

Fect250
554

,

IFee~
~

UNDERGROUND WATER.
SOURCES.

The outwash deposits have small distribution but exist to
some depth in the valley of the Little Sioux, where they are
fill€d with excellent water that is recovered chiefly by means
of driven wells. On account of the lack of drainage the upper
part of the drift is usually saturated nearly or quite to the surface, ,a nd hence· most of the wells are very shallow. At some
distance below the surface the bowlder clay' is compact and
impervious, but at certain horizons it i:p.cludes sand and gravel
that 'a re charg,ed with water under pressure. The wells that extend to these artesian aquifers have a much more copious and
reliable supply than the shallow seepage wells.
In the deepest wells, especially in those which penetrate the
stratified formations below the drift, the artesian pressure is
not sufficient to raise the water near the surface, and the pumping
lift is therefore much greater than in the shallow seepage wells
or in the wells that stop in deposits of sand and gravel at
depths of 100 to 200 feet. At no point in the county are there
prospects of obtaining flows by deep drilling, the water 'from
deep sources probably everywhere remaining f'a r below the surface. Conditions in wells in surrounding counties make it improbable that water will rise higher than 1,200 feet above sea
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level, which would be between 200 and 300 f'eet below the sur~ace in most localities.
In the deep well 'at Lake Park, the section of which is given
above, the water is r eported to stand about· 300 feet below the
top of the well, or about 1,170 feet above sea leveL This well
is unsatisfactory because the head is low, the water is hlghly
minerali~ed, 'a nd fine sand enters the well and impairs the pump.
The ·w ater is not used in locomotives.
CITY AND VILLAGE SUPPLIES.

Lake Park.-The waterworks in Lake Park (population, 552)
consist of an air-pressure system with about half a . mile of
mains, nine fire hydrants 'a nd eight taps. The two wells upon
which the system depends are both unsatisfactory. One is six
feet in diameter and fifty feet deep and has a yield which varies
greatly with the season, but is alwa.ys small. The other is a sixinch drilled well that ends at 98 feet in fine sand which tends to
clog the screen and thus shut out the water. At the time the
plant wa.s visited the maximum combined yield of the two wells
was very small.
Spirit Lake.-The city well at Spirit Lake (population, 1,162)
ends at ab out 100 feet in a hed of fine sand from which the water
rises within 50 feet of the surface. This well furnishes the entire
public supply, but when pumped at 300 gallons a minute it soon
shows signs of exha,ustion. The water is lifted into a surface
reservoir from which it is forced by direct pressure through
11,4 miles of mains. There are 15 fire hydrants. A considerable
portion of the people ape supplied from this source.
Spirit Lake is 1,413 feet above sea level. According to N,orton, after passing through the thickened drift of the moraine on
which the town is situated, the drill will 'e ncounter shales and
then enter sandstones of the Cretaceous, fr om which a large supply of water may be drawn. Should it be thought advisable to
sink the well deeper dolomitic limestone will next be encountered, and at a depth of 600 to 700 feet the Saint Peter sandstone
may be expected. A six-inch well 700 or 800 fe et deep will test
the capacity of this sandstone ,'and if the yield is inadequa~e it
66
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can then be determined wh~ther a sufficient increase can be obtained ·by reaming the hole to 8 or 10 inches, whether the well
should be sunk deeper in exploration, or whether a small group
of six-inch wells, of 700 or 800 feet depth, would be preferable.
The water of the Saint Peter should be .of excellent quality, belonging to the calcic-magnesic alkaline class but containing no
large amount of mineral matter.

EMMET COUNTY.

BY O. E. MEINZER.

TOPOGRAPHY AND GEOLOGY.

Most of Emmet county consists of a gently undulating -a nd
poorly drained drift plain interspersed with numerOUB lakes and
ponds. West Fork of Des Moines river flows through the western part, where it has developed a rather wide flood plain. Westward from this river the altitude increases rapidly and the
topography becomes irregular and morainic.
The surface formation consists of glacial drift, except in the
vaHey of the Des Moines, which is partly filled with outwash and
alluvial deposits. Beneath the drift is a thick series of shale,
sand, and sandstone which is not known to outcrop in the county
and whose age therefore remains a matter of conjecture. It is
probably Cretaceous, but may be in part older, and it rests upon
a limestone formation which is believed to belong to· the Mississippian series.
The general character of the Cretaceous (V) shale and sandstone is indicated by the driller's logs of the well on the property of Mrs. Allen, in Estherville, and of the village well at Ringsted.

UNDERGROUND WATERS OF THE NORTHWEST DISTRICT

1043

Section 01 wen 01 Mrs. A.llen, Esthervme.

I

TbICkness.!DePth.

---------------------------------------------7
Gravel ________________________________-'-____ -:. ______ _
Olay, blue, and sand _____________________________________ _
Shale, blue ______________________________________ _
Hard quartz rock _______ _______________________________________ _
Sandstone, white (entered).

Feet -

Feet

15
195

15

77

.-

i

no
287

287i

Section 01 viUage wen at Ringsted.
! Thlckness. !DePth.
Olay, blue __________________________________________ _
Shale, sandy __________________________________________ _
Sand, blue, and gravel __________________________________ _
Sand, yellow _____________________________________ "_______ _
Olay and shale ______________________________________ _
Sand and shale ___________________________________________ _
Shale, white ____ ________________________________________________ _

Shale, dark, sandy ________________________________________ _
Shale, sBndy _____________________________________________ _
Limestone (entered) _______________________________________ _

Feet
1'7
8
10
88
42
60
12
8

«

186

Feet
14,7
150

leo

198

lUG
800

819

820

as.

500

In the Estherville well the formations recorded below a depth
of 210 feet are probably Cretaceous; in the Ringsted well the
Cretaceous apparently begins at a depth of 147 feet. T)1e limestone in the Ringsted well is undoubtedly Paleozoic and is probably Mississippian.
UNDERGROUND WATER.
SOURCES •

. The water supply of this county is derived from outwash and
alluvial s·ands and gravels, glacial drift, sand and sandstone
strata (Cretaceous?), and limestone (Mississippian?).
The outwash and alluvial sands and gravels, which -a r-e practically restricted to the valley of Des · Moines river, are very
porous and are so situated that they ·a re filled with water nearly
tQ the surface. Hence they constitute a very accessible source
of supply and are tapped by numerous driven wells. -T he conditions, however, are such that contamination may easily occur,
especially in a large settlement such as Estherville. The water
is somewhat less mineralized than that from other aquifers.
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Outside of the v'a lley of the Des Moin'es the water supply is
drawn chiefly from the glacial drift, though some of the deepest wells extend into the underlying stratified formations. The
driUed wells differ greatly in depth and 'also in the height to
which the water rises. In the vicinity of Estherville they range
in depth from less than 100 feet to at least 446 feet, 160 feet
perhaps being 'a n av'erage; in the vicinity of Gruver they range
from 75 feet or less to 275 feet or more, most of the wells near
Ryan and Swan lakes being less than 100 feet deep and those
near the village ,of Gruver averaging deeper; in, the vicinity of
Armstrong they range from about 75 to 250 feet, 135 feet perhaps being 'an average. In many of the two-inch tubular wells
much trouble is caused by the incrusting of the sand screens,
but this difficulty can be larg'ely overcome by drilling wells of
greater diameter and using independent pumps. (See p. 219.)
, In the Allen well at Estherville the water rises within 120
feet of the surface, or approximately 1,180 feet above sea level,
and the well has been pumped at about 30 gallons a minute. In
the deep well at Ringsted the water rises within 76 feet of the
surface and is not greatly lowered when pumped at 40 gallons
a minute. It is reasonably certain tha,t below the limestone
penetrated in the Ringsted well are older sandstones which
would yield large amounts of water that would rise to a level.
1,100 to 1,200 feet above the se'a., but would probably not come
nearer the surface than the water in the deepest wells that
thus far have been drilled.
CITY AND VILLAGE SUPPLIES.

Armstrong.-The village well at Armstrong (population,
586) is 160 feet deep and ends in a bed of fine sand. The wa.ter stands 68 feet below the surface, or 1,172 feet above the sea,
and pumping .at 50 gallons a minute is reported not to lower
it gr,e'atly. It is lifted from the well into an elevated tank from
which it is forced by gravity through one mile of mains to 24
fire hydrants and about 40 taps. It is estimated that about
200 people are supplied and 7,000 gallons of water are consumed daily. The rest of the population depend on shallow
private wells.
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Estherville.-The people of Estherville (population, 2,404)
depend for their domestic supplies on private wells, most of
which are shallow. The public supply is taken from the riv,e r
and is not considered safe for domestic uses, though it is employed in large quantities for other pUrposes. There is
a rather extensive system of mains with 24 :fire hydrants. The
pressure is applied directly by the pumps.
According to Norton a deep well at Estherville (elevation,
1,287 £eet) would reach the base of the Cretaceous at 300 to
400 feet from the sufface and would then enter Paleozoic dolomites. From these it would pass into the heavy blue and green
shales of the Decorah and Platteville formations. The Saint
Peter sandstone should be reached about 800 feet above sea
level, or about 500 feet below the surface, but it may lie 100
or 200 feet deeper. In exploration the well may be drilled
a few hundred feet deeper than the above estimate but should
be stopped when the drill strikes heavy glauconiferous shales
indicating the Saint Lawrence horizon, the Algonkian (~) red
shales, or crystalline rocks, such as granite, quartzit,e, or
schists.
Ringsted.-The waterworks in Ringsted (population, 313)
consist of an air-pressure system. Water is obtained fro~ the
deep well already described (p. 1043). Most of the people still
use private wells.

IDA COUNTY.
BY W. J. MILLER AND W. H. NORTON.

TOPOGRAPHY AND GEOLOGY.

Ida county, lying well west of the flat country of the Wisconsin drift, is characteristically hilly, the western portion being
a little more rugged than the eastern. The region is thoroughly dissected by many branching streams. The principal one,
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Maple river, enters from the northeast and leaves at the southwest. Little Sioux river cuts across the extreme northwest
corner and Soldier river rises in the southern part.
The Kans'a n drift extends over the whole county and is completely covered by the loess. The total thickness of these two
formations is unusually great, being in places almost 500 feet.
The drift rests directly on rocks of Cretaceous age.
Except for local variations in thickness the drift deposits
lie nearly horizontal. Of the underlying rock formations the
Cretaceous beds are thought to dip noticeably to the west; the
still older rocks are nearly horizontal or show a slight easterly
dip. (See PI. XVII, p. 1006.)
UNDERGROUND WATER.
SOURCES.

The most clearly defined water horizon is at the base of
the Kansan. The source of the water in many wells, however,
is within the loess. Very litHe can be said about the water of
the older rock formations, as but one well is known to extend
into them.
So far 'as existing wells are concerned, the most important
source of water in the county is either within the loess itself
or in sands or gravels at its base. By far the greater number
of farm wells in Ida county are dug and are only from 15 to
30 feet deep. A few bored wells r.each 'a depth of 50 to 100
feet. The dug wells are · especially likely to be unsatisfactory
in very dry seasons, because, their water often either greatly
diminishes or fails altogether.
Although but few wells in the county reach it, the most persistent and satisf'a ctory aquifer at a moderate depth consists
of the sands or gravels at the base of the Kansan. The available well records indicate · that this aquifer lies 300 to 480
feet or more below the surf'ace and seldom fails to yield a
large supply of good water. Locally good supplies of water
are obtained from sand beds in the blue clay. The well at
Holstein (2,004 feet deep) is the only one known to enter the
older formations to any extent.
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SPRINGS.

Springs are of little consequence in Ida county, though small
seepages oc~ur here and there along the low valley lands.
CITY AND VILLAGE SUPPLIEs.

Battle Creek.-The town water supply of Battle Creek (population, 527) is taken from 10 drilled and driven wells, ending
in gravel at depths ranging from 42 to 48 feet. The wells yield
a good supply of medium hard water which is distributed by
gravity (domestic pressure 35 pounds, fire pressure 80 pounds)
through somewhat more than a mile of mains to 30 taps and 13
fire hydrants. About 150 people us,e the city water. The daily
consumption is estimated at 6,000 gallons.
Holstein.-The city well (PI. XVII) at Holstein (population, 936) is 2,004 feet deep and is 8 inches to 4 inches or less
in diameter; it is cased with 8-inch pipe to a depth of 387 feet,
5-inch pipe to 722 feet, and 4-inch pipe to 1,465 feet. The original head was 270 feet below the curb; in 1908 the head was
300 feet below the curb. When drilling reached a depth of
1,500 feet.a 26-hour test pumped 75 gallons a minute without
lowering the water; on completion the well yielded 60 gallons
a minute; in 1908, 75 gallons a minute. Water came from 390
feet in quicksand, from 1,200 feet, and from "below 1,500"
feet; at 390 feet it stood 200 feet below the curb, at 900 feet 365
feet below the curb, at 1,590 feet 325 feet below the curb, and
on completion 270 feet below the curb. The well was put down
by J. P. Miller & Company of Chicago, in 1897.
The water is pumped to a steel tank and is forced under
gravity pressure of 40 pounds (domestic) or 100 pounds (fire)
through 2% miles of mains to 53 taps and 19 fire hydrants.
The city water is used by about 300 people. The daily consumption is estimated at 9,000 to 12,000 gallons. The water is
hard.
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Record of strata in Holstein city well, based on driller's log (Pl. XVII, p. 1006).

I

ThiCkness. !DePth.
Feet

Feet

Olay ______ ____________________ _______________ ___________________________________ _
Quicksand __ ___ ________________________________________________________________ _
Oarbonlferous:
(?)Pennsylvanian
Shale _____________________________________________________________________
_
Mississippian
(?)
and
Devonian
(?)Limestone ________________________________________________________________ _
Shale ______________________________________________________________________ _
Limestone _______________________________________________________________ _

50

390
440

260

700

50
50

800

80
20

880

S90

No samples; limestone -----------------------------------------------------Ordovician:
.
Galena dolomite to Platteville limestone-chert and some rounded moderately coarse grains_
Dolomite,
of Quartzgray;
sandmuch
_________________________________________________________
100
No samples; limestone (1) _____________________________________________ _
100
Limestone, magnesian, or dolomite; brown, with about 2 feet of red
shale at 1.300 feet; shale noncalcareous. bigbly arenaceou&, with
coarse, imperfectly rounded grains of limpid quartz ___________________ _
800
No sample _________________________________________________________________ _
87
Shale, dark greenisb gray, slaty, noncalcareous; caving badly after
drill had penetrated the underlying sandstone_________________________ _
8
Saint Peter sandstone-Sandstone;
described
as
wblte,
clean,
very
soft,
and
caving;
called
by driller Saint Peter___________________________________________________ _
40
Prairie du Obi en stage-Limestone (1), marly, arenaceous; described by driller as a"sandy
rock which wears the drill"; sand grains brougbt in slusb bucket;
other drillings very Iigbt and float up on water; rock drills about
1 foot an bour and does not cave _____________________________________ _
35
Shale. red; "at ahout 1..520 red marl was com ing in and could not tell
much about the formation from tOOre down to 1,890 feet. as it was
badly
tbe way, and caved more or less from there ,________ _
caving tovery
down
2,000
feet"all_______________________________________________________
Sandstone; fin ~·grain e d , blue·gray, dolomitic cement ___________ _________ ___________ _
Sandstone and dolomite; Quartz sand, considerable red shale and some
green shale from above, and a little gray siliceous dolomite _____________________ _
Ohert, dark reddish brown, ferruglnou ..; in small cbips, sligbtly arenaceous, with minute particles of crystalline Quartz; as sim ilar cbert
and reddisb argillaceous powder are found in nearly all the drillings
below, tbis may bave fallen In from 1,520_______________________________ ______ ____ _
Sandstone and chert; sandstone, fine--gralned, in detached grains of
clear Quartz; many imperfectly rounded and minute white cuttings,
showing Quartz particles in dolomitic cement; cbert dark, brown,
ferruginous, dolomitic _____________________________ ___________________________ ______ _
Marl; in bull', slightly concreted masses : dolomitic , arenaceous, and
argillaceous; Quartz grains moderately fine; many imperfectly
rounded; _____
red __
chert,
as__ above,
with a ____
few__ ____________________________
.cbips of yellow siliceous ___________ _
dolomite
____ __ __
__ ______________
5
Shale, biue, pIa tic, c8Icareous___________________________________________
Marll : ch iefly Ql)artz sand, with dolomite, yellow-gray, and wbite,
soft, glauconlferous; some red cherL ______________________________________________ _
Marl, gray, dolomitic _____________________ ___________________________________________ _
Sbale, blue, plastic, calcareous _______________________________________________ _
Dolomite, gray, hlgbly siliceous; microscopic particles of crystalline
Quartz, glauconiferous; considerable fine Quartz sand ___________________________ _
Marl or calciferous argillaceous sandstone ___________ ____ ________________ _____ ______ _
DolOmite, bard, dark gray, saccbaroldal, possibly from above ___________________ _
Marl, arenaceous _____________________________________________________________ __ ______ _
Sbale, blue, calcareous, sligbtly glauconiferous, minutely quartzose____
2
Sbale, green, hard, fissile, slightly calcareous____________________________
15
Dolomite and sbale; dolomite, saccbaroidal, mottled greenish gray and
pink, interlaminated witb bard green calcareous shale; Quartzose
and glauconiferous, in large chips _________________________________________________ _
rounded grains; cbips composed ________
largely_
Marl,
arenaceous,
witb fine
of Quartzose
particles
________________________________________

750

900

1,000
1,100
1 ,400
1,437
1 ,445
1,485

1,520

1.520
1,575

1 ,670

1,700

1 ,720

l

Oambrlan (1):
Dresbacb (1) sandstone-- .
Sandstone,
, soft; rounded grains _______________
of about 0. 5_
millimeter yellow,
_________saccbaroidal
__ ______________________________________

1,740
1,755

1,760
l ,7ifi
1,785
1,795
1,805
1,810
1,815
1,827
1,915

1,9"-0

10

1,930

41

1,971
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Ida Grove.-Two wells, each 24 feet deep, furnish Ida Grove
(population, 1,874) with a fairly good supply of hard water.
The water is pumped by steam and is distributed by direct
pressure (70 pounds domestic and 125 pounds fire) through 1%
miles of mains to 200 taps and 20 fire hydrants. About 700 peoply use the city water. The daily consumption is estimated at
45,000 gallons.
The success of the deep well at Holstein, 10 miles north of
Ida Grove, is distinctly encouraging. The succession of rocks
is probably the same at both places, but any given formation or
water bed may be expected to lie about 100 feet deeper at Ida
Grove than at Holstein. Thus at Ida Grove (elevation above
sea level, 1,225 feet) the Saint Peter sandstone will be found
at about 100 feet below sea level, or 1,325 feet below the surrace. The drill may fail to strike the water vein reached at
Holstein at 259 feet above sea level in Galena dolomite, but
it may find other water-bearing crevices in this formation.
Sufficient water may probably be found about 300 feet below
sea level (somewhat more ·than 1,500 feet below the surface),
but if not, drilling may be continued to about 1,900 feet to tap
the lowest sandstone found at · Holstein. The .fact that Ida
Grove stands mor·e than 200 feet lower than Holstein not only
brings the deep formations somewhat nearer to the surface,
but also gives a higher head to the artesian water, which
should come within 50 or 100 feet of the curb. In quality the
water may be expected to be rather high in sulphates, but to
be well within the limits ·of potability. The waters found above
700 feet should be carefully tested for quality, and possibly
should be . cased out on account of excessive mineralization.
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WELL DATA.

Information concerning typical wells
sented in the following table: \
T1IPical wellf

01

In

Ida county is pre-

Ida Coun't1/.
b.

g
'0

Location

Owner

i1:

0
Q3

.c

Q)

.Cl

~
<I)
0

---

5j miles east of Ida
Mlslow Bros.
Grove .
M. Martin _____ 4 ml1es louthwest
of Ida Grove.
A. ,Harper ------ 2 ml1es southeast of
Ida Grove.

W. K. VBll Wayne_ 4 miles north
Ida Grove.

of

",,-8

'"'
,,-

"1>0

""
~'"'

OPo
Cf.l

Feet
210 Gravel and
sand.
do ___
___
U6
____ do ____
216

Remarks

Feet
160 No rock.

40 Water bed at 81 feet. No
rock.
116 Black loam, 4; yellow clay,
40; sand and clay aud
some water, 70; gravel and
water, g. yellowish clay
and sand, 85; gravel and
water, 18; no rocll
800 ___ do ____ _.._---- No rock.

LYON COUNTY.

BY O. E. MEINZER.

TOPOGRAPHY AND GEOLOGY.

' 'Lyon county is much better drained than the counties far~ ,
ther east. The gently undulating upland, whose general altitude is more than 1,400 feet above sea level, is somewhat dissected by water-courses that lead to Big Sioux river, which
forms the west boundary of the county and occupies a welldefined valley about 200 feet deep.
The following geologic section is revealed in outcrops and
wells:
Glacial outwash and recent alluvium (in the valleys).
Loess (on the uplands).
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Glacial drift.
Cretaceous shales and impure limestones.
Cretaceous ~andstone (Dakota).
Sioux quartzite.
The Cretaceous formations outcrop in Big Sioux valley
south of Lyon county and are penetrated in many drill holes
in this county. The Sioux quartzite outcrops in small areas
in the extreme northwestern part ,of the state and probably
underlies the entire county, though its surface is so irregular
that within a short distance from an outcrop it may lie several hundred feet below the surface and hence it is not generally encountered even in the deepest wells.
UNDERGROUND WATER.
SOURCES.

On the uplands the shallow wells end in glacial drift, the
depth to the Dakota sandstone is relatively great, and the water from all deep formations remains far below the surface
when tapped by wells; in the valleys the shallow wells end in
alluvial and outwash sand and gravel, the depth to the' Dakota
sandstone is not great, and the water from deep sources rises
nearly to the surface. The valleys include only a small portion
of the total area and grade into the uplands along the minor
streams:.
All the geologic formations except the loess and the Cretaceous shale will yield some water, but those most heavily drawn
on at present are the glacial drift and outwash gravel. The
latter is found in the principal valleys, where it furnishes large
quantities of good water to shallow wells and constitutes the
source from which ,all public supplies are obtained; the glacial
drift everywhere underlies the upland, where it yields most o~
the private supplies on farms and in villages remote fr,om
streams. The loosely consolidated beds of drift near the surface are commonly saturated and yield 'a certain amount of
water to shallow bored and dug wells; and seams ,of sand and
gravel embedded in the impervious blue bowlder clay at greater
depths contain water under considerable pressure, which is re-
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covered by means of bored and drilled wells. The deep drift
water is notably harder and more ferruginous than the water in
the valley gravels. The Dakota sandstone contains a large
store of mineralized water and supplies a few of the deepest
wells. It is very imperfectly cemented and gives some trouble
because of the tendency of its :fine sand to rise with .the water,
especially when rapid pumping is attempted. The Sioux quartzite yields small supplies to wells in South Dakota and Minnesota, the water occurring in joints and also in the less cemented
portions of the rock, but on account of the expense 'a nd difficulty of drilling through this formation, it is properly avoided in Iowa as much as possible. In some parts of the county
water-bearing beds may exist between the Dakota sandstone
and the Sioux quartzite, but, so far as known, no such beds have
yet been reached by the drill.
In all sections of the county most of the wells are bored and
commonly range between 15 and 50 feet in depth, but there are
also many drilled wells between 70 and 500 feet deep, wells 150
to 160 feet deep being common ' east of Rock Rapids and wells
of 190 to 300 feet west of that city. The difficulty with :fine sand
can to some extent be overcome by drilling wells of larger diameter and using independent pumps that will allow the water to
flow into the wells under uniform pressure. (See pp. 219-226.)
The water from the Dakota sandstone is lifted by artesian
pressure to approximately 1,225 feet above sea level, which
brings it nearly to the surface in the Sioux valley but leaves it
about 100 feet below the surface at Rock Rapids and more than
200 feet below on much of the uplands. According to railway
surveys, the altitude of Beloit, in the Sioux valley, is 1,242 feet
above sea level; of Rock Rapids, .in the valley of Rock river,
1,345 feet; of George, in the valley of Little Rock river, 1,377
feet; and of Granite, Larchwood, and Inwood, all upland towns,
1,407 feet, 1,426 feet, and 1,473 feet, respectively. Drilling below the Dakota sandstone is not advised in this county, because
it is improbable that m~ch would be gained in quantity or quality ·of water or in artesian pressure. The Sioux quartzite
would probably be encountered before the drill reached a depth
of many hundred feet . .
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Near the Chicago, Rock Island & Pacific Railway station at
Lester there is a 10-inch well, 70 feet deep, from which the
water rises above the· surface and flows several gallons a minute.
CITY AND VILLAGE SUPPLIES.

Alvord.-The villag~ well at Alvord (population, 283) is eight
feet in diameter and is sunk to a depth of thirty feet into the
gravel of the creek valley, obtaining great quantities of good
water.
The waterworks system consists of an air pressure tank with
about half a mile of mains, eight fire hydrants, and eight taps.
Only a few homes have service connections and the consumption is small.
Doon.-The village well at Doon (population, 581) is 10 f.eet
in diameter and 28 feet deep and ends in gravel, from which a
large ·a mount of relatively soft water can be drawn.
The distribution system comprises an -elevated tank, about a
mile of mains, 12 fire hydrants, and 42 taps. Perhaps 200 people are supplied, and approximately 7,000 gallons are consumed daily.
Rock Rapids.---.:The public supply of Rock Rapids (population, 2,005) is derived fr om a well 18 feet in diameter and 20
feet deep ending in the valley gravels.
The waterworks consIst of a standpipe with about three miles
of mains, 28 fire hydrants, and 250 taps. It is reported that a
majority of the people are supplied and that about 30,000 gallons of water are consumed daily.
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MONONA COUNTY.

BY W. J. MILLER.

TOPOGRAPHY.

Topographically, Monona county is clearly divisible into two
portions. The western third is occupied' by the Missouri river
bottom, where the land is, low, veny level, and much of it swampy.
Little Sioux river and its West Fork flow along the eastern border of this lowland. The eastern two-thirds of the county is
characteristically very hilly and rugged. Important river channels are cut in the hill country by Soldier river, by Maple river
and by Little Sioux river. The hilly and the lowland regions are
sharply separated.
GEOLOGY.

Of the upper or surface formations three types are to be
found. The lowland region is covered by alluvial or river deposits, consisting of sands, gravels, and clays. The hilly region
IS completely covered by the loess except locally where the prin:
cipal streams have cut through it. Below the loess, in the 'hilly
portion, comes the Kansan drift. 'T he Kansan drift and the
loess hav,e been practically all removed by erosion over the lowland area.
Of the old rock formations both the Cretaceous system (shales
and ~andstones) and the Pennsylvanian serie's (shales, sandstones, and limestones of the .Missouri stage) are represented.
The Missouri stage immediately underlies the alluvial deposits
in the southern half of the river-bottom area; and the Cretaceous
spreads over the remainder of the county.
Along the river bottom the alluvium rests directly upon the
older rock formations. So far as known all the strata of the
county are in a general way horizontal.
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UNDERGROUND WATER.

SOURCES.

The sand and gravel layers of" the river bottom afford an
abundance of water. In the hilly country water is found in sand
or gravel below the loess and in sand or gravel below the blue
clay of the Kansan drift. Important water beds are doubtless
present in t.he older rock formations, although little is known
about them, as but two wells in the county are known to have
extended into these formations.
By far most ilf the water of the county is obtained from shallow dug or driven wells, but the supply is often not as constant
or satisfactory as it is in central Iowa, and in particularly dry
seasons is considerably affected. The water, as a rule, is of
good quality but hard.
Practically all of the water in the river-bottom district is derived from sand or gravel beds in the alluvial deposits. There
is no single clearly defined water-bearing stratum of widespread
extent, the alluvial deposits being very local. Nearly all the
wells in this district are driven and range in depth from 15 to
80 :f)eet, the average depth being about 30 feet. The head usually responds more or less to the rise and fall of water in Missouri river. In the region around Onawa the water in the
deeper wells (60 to 80 feet) is heavily charged with oxide of
iron. This water seems to come from under a hard yellow
clay or "hardpan" whereas the water above the "hardpan" is
softer and free from iron oxide.
.
In the hilly loess-covered region many of the dug wells extend into water-bearing sand or gravel below the loess, the
depth to this so-called "first-water" level being between a few
feet and 100 feet. Generally the water supply is not large and
fluctuates according to seasons, even failing in some very drY
seasons.
A larger and more constant supply of water is to be found in
the sands or gravels beneath the blue clay of the Kansan drift.
Well records ,show that this aquifer has been struck at depths
ranging from 35 feet along the stream bottoms to a maximum

1056

UNDERGROUND WATER RESOURCES OF IOWA

of 300 feet or more on high ground in the eastern part of the
county, but comparatively few wells reach it. Some wells appear to derive water from sand layers within the blue clay.
A few drilled wells enter the deeper rock formations . Satisfactory records, however, are lacking to show the source of water in these wells.
PROVINCES.

Monona county may be divided into two underground-water
provinces-the river bottom, on which the water is found in the
alluvial deposits and also in the deep-lying rock formations, and
the eastern hilly region, where the water occurs in sand or
gravel beneath both the Kansan drift and the loess and also
probably in the deep rock formations.
At least two flowing wells are known to derive their water
from the older rocks below the alluvial deposits. One of these
wells, 863 feet deep, is at Onawa, and flows a large stream under considerable head. The other, more than 400 feet deep, is
near Blencoe. A very general record of the Onawa well shows
the source lo f water to be in limestone. No record of the Blencoe
well could be obtained. The head of water is sufficient to permit
an overflow on the lowland only.
Some flowing wells are known in the drift along the Maple
river bottom near Castana. The river has here cut through the
loess, and a well extending 30 to 40 feet downward into the blue
Kansan clay strikes a bed of gravel with water under sufficient
head to cause an overflow in the river bottom.
SPRINGS.

Springs of 'small size are numerous along str,e'a m courses
where the bottom of the loess is exposed. The w:ater emerges
from the sand or gravel below the loess, as along Maple river
in the vicinity of Castana. Thus these springs furnish examples
of natural flow from the so-called" first-wa ter level."
CI'l'Y AND VILLAGE SUPPLIES.

Onawa.- The Onawa city supply is drawn from a flowing well
863 feet deep and is forced by direct pressure by two steam '
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duplex pumps through two-fifths of a mile of mains to 18 fire
hydrants and 42 taps. Domestic pressure is 40 pounds and fire
pressure 100 pounds. The supply is sufficient, but constant
pumping is necessary. The water is hard. It is used by 200
people.
The well has a. depth 'of 863 feet and a diameter of 12 to 8
inches; casing to 563 feet. It is located on the river bottom.
The head is 15 feet above curb, and the flow 75 gallons a minute. Water bed were struck at 863 and 300 feet. Driller, J. H.
Shaw of Sioux City; date of completion, 1905.
Driller's Zog of city wen at Onawa.

IThlCkness·IDeptb.
Feet

Dark loam and clay_____ ______________________ ___________________________________
Gravel, coarse _______________ ____________________ -'-_____________________________
Olay, blue, soft
or shale_________
________________ _____________________________
________
Sandstone,
________________________________________
_______________________
Shale, blue _____________________________________________________________________

Feet
50

50
80
144

130

144
148

16

164

i~:~s:~;~~:~oii;~~~~~~====:====:=:==:=================:============= }

Shale _________________________________________________ ._________________________
100
280 .
16
180
Limestone (small flow of water)__________________________________________________ ___________
300
Shale ________________________________________________________________________________ .... _________
850
Limestone with 1I0w Increasing to bottom of welL __________________ _____________________________ _

The firS'!; limestone, at 300 feet, is probably at the base of the
Pennsylvanian and the summit of the Mississippian.
Minor supplies.-Minor supplies are summarized in the table
be'l ow:
Minor supplies in Monona Oounty.
Pressure
Town

Nature of supply

Pumping
system

"
S

Distribution

0

IID

Castana ---- - Well (l6 feet deep ____ Gas 0 I I n e ire Ct air
engine.
pressure.
Mapleton ---- 12 driven wells 20 Steam CiUPleX 1G r a v it y or
pump.
direct.
feet deep.
Ute ----------- Wells (drIven) 60 teet ·G a s.o lin e IGravlty ______
deep.
engme.

C>

"

~
'"
S
A

67

.,
'OJ
.d

~'"

.,

;:;
~

...

'tl

0:,

.d

.,

"'"

il:;

Eo<

H

...'"

'"
cO

Lbs. Lbs. Miles
40

40

0.7

12

40

70

100

2

16

92

38

38

1*

14

80 or
90
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Mirwr supplies in Monona County-Continued .

."
,,""'8
:="

,,-'"
.,'"
.... "
.,'"

"0
0'-

!7.l.~

Town

0'"

I A"'"

~

--------1

Mapleton ________
Oastana
Ute _____________ . \

Remarks

Mgals .
850
400
450

Ordinarily sufffcient, but bard.
Fair supply, but hard. Deep well contemplated.

8
15

....-------- Good supply, but hard. New mains being laid •

WELL DATA.

The following table gives data 'of typical wells in Monona
county:
Ty~icaZ

wens of Monona Oounty.

...

"8

.t:l

"-.,
A

0
.,.0

'0.,'"

0"
.0"

,. ....

"

£

Location

Owner

....

i:.

",0

",

"-.,

"'Cii

~.o

0'"

A

Remarks

,,~

"....
,,-

.t:l

t1.l

I
___ 5

miles soutb·
Robelt Seton
east of Onawa
Town ---------- Onawa ----------

Feet Feet

64 ----- Sand

Feet

------ -

--

_-

130 Limestone

IS

--- + 15

DrIven well.

No rock.

Flowing well, 76 gallons a
minute; pumped by steam
for city purposes.
-60
No
rock.
and
Dr. Orelk ------- Oastana
---- 115 ----- Gravel
sand
Flowing drift well. No rocl..
46 -----do ------ +
Narcross Mill --_. ---- do ---oo . . -___ _ 1
mile east of 150
130 Drift sand ___ -40 20 feet of dry shale below
Mrs. Janess
water bed.
Tlconlc.
4~ miles south of
52 ----- Gravel ______ -34 No rock.
Mr. Oloud -_ ...
Mapleton
.
____ do ______
Ute ____________
Do.
265 ----- ____ do ______ -100
R. Perkins ----- 44 4 foot open bricked wen. No
68 ---1'. Sbanahan ___ 3 miles south of
rock.
Ute.
i
___ do _______
Oblcag() & North Onawa ------- 85 ---------Steam·pumpe!! for locomo·
Western By.
tlves . No rock.
B63

---
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O'BRIEN COUNTY.

BY O. E. MEINZER.

TOPOGRAPHY.

The surface of 0 'Brien county consists, essentially, of a
gently undulating plain which in most of the county is more
than 1,400 feet above sea level and in the north-central part
reaches, an altitude of more than 1,500 feet. Little Sioux river,
whicp crO!3ses the southeast corner of the county, has cut a deep
trench into this plain and flows at a level of only a little more
than 1,200 feet above the sea. The' smaller streams have not yet
dissected the plain to any great extent, ·but occupy broad, shallow, and rather indefinite valleys through which they 'habitually
meander lazily.
' '
GEOLOGY.

The ,e ntire county is underlain by an accumulation of glacial
drift, which was found to be 200 feet thick at Sanborn and
which apparently is of considerable thickness at 'all points beneath the uplands. 'T he upper portion of the drift consists of a
loose, gravelly, more or less yellowish clay, but the' greater part
is a compact blue bowlder clay, containing in some localities
embedded sh€ets and lenses of sand and gravel. In the principal
valleys porous, grav,elly water-laid deposits lie at the surface.
Below the drift are strata of soft blue shale, soft white sandstone, impure limestone, etc., the shale being much the most
abundant. At least the upper of these strata are supposed to
belong to the Oretaceous system. (See PI. XVII, p. 1006.)
The following sect~ons show to some extent the character of
the drift and of the underlying stratified formations. Both are
reported by the drillers and are in part approximations.
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Section of Ohicago, Milwaukee & St. Paul Railway well at Sanborn.
(See Pl. XVII, p', 1006.)
ThICk'j Depth .
ness

I

Clay, yellow ________________________________________________________________ Feet
75
Olay, blue ________________________________________________________ ________________
125
Shale, blue ______________________________________________________________________
160
Shale, blue and green, with strata of lim estone ________ .____________________________
200
Sandstone, soft, whIte, with some shale_____________________________________________
155
Shale, gray, and streaks of rock ___________________________________________________
50
Sandstone, wblte ___________________________________________________ _____ __________
45
Shale, blue and green, mixed with sandstone _____________________________________
200
Shale, green and white ____________________________________________
246
~_________________

Feet75
200
360
560

715
810
1,010
1,256

765

Section of ' village well at Sutherland.

J

ThiCk.j Depth .
ness

Olay, yellow ____________________________________________________________________________ Feet
50
Olay, blue ____________________ ______________________ __________________________________
110
Sand and clay _______________________ _______________________________________________
30
Sand ___________________________________________________________________________
20
gravel, fine ___________________________ ______________________________________________
2

Feet50
160
190
210

212

UNDERGROUND WATER.
SOURCES.

At present nearly the entire water supply of the county come~
from the upper part of the drift and the gravel deposits in the
valleys. The upper part of the drift is sufficiently porous to
furnish a slow seepage to dug or bored wells but can not always be relied on in dry seasons. At greater depths the drift
consists chiefly of impervious blue bowlder clay, from .which no
water can be procured. Many deposits of water-bearing sand
or gravel embedded in this blue clay form a reliable and satisfactory source of supply, but unfortunately such deposits are
not everywhere found. In some wells, therefor·e', the drilling
has been carried through the entire thickness of the drift and
a certain amount of the soft bluish shale, and the wells have
,been finished in sandy strata which are apparently Cretaceous
in age. These deep wells, as also· some of the deepest drift
wells, have not proved satisfactory because the water is highly
mineralized and generally remains so far below the surface that
the lift is great and because the :fine incoherent sand in which
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they end is usually troublesome. Hence many of them have been
abandoned and supplies from very shallow sources have again
been resorted to, with the result that in 8'easons of drought there
is on many farms a shortage in water for stock. Some farmers
have dug large open wells·in low-lying and pGorly-drained localities where the supply from the surficial deposits is not readily
affected by drought, and a number have extended pipe lines
from these wells to the barnyards where the water: is wanted.
In many places such. an arrangement is more satisfactory than
a deep sand well would be. For suggestions in regard to finishing sand wells see pages 219-226.
CITY AND VILLAGE SUPPLIES.

Hartley.-The village well at Hartley (population, 1,106) is
130 feet deep and has been tested at 30 gallons a minute. The
water is pumped into an elevated tank, from which it is distributed through the mains by gravity, only about 2,500 gallons
being"used daily. The total length of mains is about half a
mile, and there ar,e eight fire hydrants and 17 taps.
Paullina.-In Paullina (population, 796) the public supply is
drawn from a shallow dug well which will supply 300 gallons a
minute. The water is lifted into an elevated tank and thence distributed by gravity through 1% miles of mains to 18 hydrants
and 93 taps. A large portion of the peopl'e are supplied, and it
is estimated that approximately 6,000 gallons are consumed
daily.
Primghar.-The public suppJy at Primgha.r (population, 733)
was formerly obtained from a drilled well 420 feet deep, in which
the wate'r stood about 250 feet below the surface. This well
proved so unsatisfactory that it has been abandoned for a dug
well 15 teet in diameter and 15 feet deep, which ends in gravel
.with the water normally standing only six feet below .the surface. The water is stored in a cylindrical air-tight tank from
which it is forced through the mains by compressed air. The
system is not extensive and supplies only a small portion of the
population.
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In the vicinity of Primghar a number of wells go to depths of
about 100 to 140 feet, the water rising within 50 feet of the surface. Tl}ey all end in sand or gravel, and most of them are giving satisfactory service. As examples of this group of wells
may be mentioned those of G. B. Slocum (SE. % sec. 25, T. 96
N., R. 41 W.), George Ward (NE.-% sec. 24, T. 95 N., R. 41 W.),
L. Strangland (NW. 1;4 sec. 19, T. 95 N., R. 40 W.), F. Scac (NW.
1;4 sec. 6, T. 95 N., R. 40 W.), and the Chicago, Rock Island &
Pacific Railway (at Calumet).
Among the deeper wells in the same vicinity may be mentioned the old village well ~t Primghar, which is 420 feet deep;
a well on the County Farm (N. 112 sec. 5,T. 95 N., R. 40 W.),
which is 408 feet deep; a well in the SE. 1;4 sec. 1,T. 95 N., R. 41
W., which is 414 feet deep; a well in the NE. % sec: 1, T. 95 N.,
R. 40 W., which is 370 feet deep; and a well in the SE. 1;4 sec.
33, T. 96 N., R. 40 W., which is 380 feet deep. These wells end in
fine-grained incoherent sand which causes trouble, and the water
in them remains about 225 to 275 feet below the surface. Some
of them have prov,ed so unsatisfactory that they have been
abandoned. In the abandoned Primghar village well the water
is said to stand 250 feet below the surface (about 1,250 feet
above sea lev,el).
- Sanborn.-The public supply of Sanborn (population, 1,174)
is obtained from two dug wells, one of which is 56 feet and the
other 62 feet deep. They end in gravel and yield about 60 gallons a minute'. There are an elevated tank, about two miles of
mains, and about 200 taps. The average daily consumption is
estimated at 16,000 gallons.
The railway well at Sanborn (see p. 1060 for section) goes to a
depth of 1,256 feet, piercing the entire thickness of the Cretaceous and probably extending far into the subjacent Paleozoic
formations. (See PI. XVII.) The diameter is 8 inches to 436
feet, 6 inches to 721 feet, 4112 inches to the bottom; casing to 815
feet. The curb is 1,552 feet above sea level and the head 350 feet
. below curb. Water comes from 494, 503, 633, and 857 feet; ca. pacity, 100 gallons a minute. Driller, S. Swanson, Minneapolis.
Date of completion, 1896. The water in this well contains a large
amount of mineral matter.

UNDERGROUND WATERS OF THE NORTHWEST DISTRICT

lOGS

In some drilled wells about 150 feet deep in the vicinity ·of
Sanborn the water rises within less than 100 feet of the surface.
In a few between 300 and 400 feet deep the water remains farther below the surface'.
Sheldon.-The public supply for Sheldon (population, 2,941)
is drawn from shallow deposits of gravel, sand and clay which
are tapped by two wells 18 feet in diameter and 26 feet deep,
two other wells 12 feet in diameter and 14 feet deep, and about
1,100 feet of tile laid 14 feet below the surface. There are an
elevated tank, six and one-quarter miles of mains, 35 fire
hydrants and 238 taps. Approximately 1,000 people are supplied and 70,000 gallons of water are consumed daily, but most
of the inhabitants still depend on shallow l)rivate wells.
In the vicinity of Sheldon several wells have been sunk to
beds of fine sand at depths of 300 to 350 feet, and in these the
water rises within 200 feet of the surface, or perhaps 1,225 feet
above sea. In one well, which was sunk to a depth of 470 feet,
the water is reported to remain 350 feet below the surface.
Sutherland.-The public supply at Sutherland (population,
664) is derived from a well 212 feet deep (see p. 1060 for section). The water rises within 50 feet of the surface, and the well
has been pumped at 100 gallons a minute. The waterworks consist of an air-pressure system. Nearly all the inhabitants hav,e
private wells, and the consumption of the public supply probably does not exceed an average of 2,000 gallons a day.

OSCEOLA COUNTY.

BY

o.

E. MEINZER.

TOPOGRAPHY AND GEOLOGY.

The northeastern part of Osceola county is occupied by a pronounced morainal belt of Wisconsin drift. In this area the
drainage is very imperfect, lakes, ponds and swamps being in-
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terspersed in the most chaotic manner among irregular grav<elly
hills, mounds and ridges. Here, also, is found the highest la~d
in Iowa, the culminating point probably being Ocheyedan
Mound, a massive accWllulation of glacial material which stands
in prominent relief on the plain southeast of the village of
Ocheyedan and reaches an altitude of approximately 1,670 feet
above sea level. 1 Bordering this morainic belt on the southwest and sloping gently away from it is a plain underlain by a
sheet .of gravelly glacial outwash material which apparently
thins out as the distance from the moraine increases and eventually, in the southwestern part of the county, giv,es way to
the attenuated deposit of yellow claylike loess which is generally spread over the older drift sheets throughout the state.
Below the surface deposits lies a thick bed of glacial drift
which consists in the main of a matrix ·of compact blue clay in
which bowlders and pebbles are promiscuously embedded. At
depths of several hundred feet occurs soft blue shale with some
interbedded strata of fine-grained sand or sandstone which are
believed to be Cretaceous in .age. In no place in the county has
this shale and sandstone series been found at or near the surface, and in only a few of the deepest wells has it been penetrated by the drill.
UNDERGROUND WATER.

SOURCES.

The glacial-outwash material is largely so gravelly and porous
that it is well adapted for absorbing and yielding water, and in
the belt in which it occurs it supplies many shallow wells. Where
the deposit is thin, however, or is so situated that it is readily
drained, its supply is liable to fail in s·e asons of prolonged
drought. In the morainic belt the material near the surface is
also somewhat porous, being more or less gravelly and not
closely packed together, and, owing to the g,e neral absence of
deep drainage channels, these semiporous deposits are saturated
nearly to the surface, and hence supply water to wells th~t are
r Macbride, T. H ., Ann. Rep. Iowa Geol. Survey, vol. 10, 1900, p. 195.
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dug or bored a short distance into them. In the deeper portions
of the drift are found beds of sand and gravel which are generally filled with water under sufficient artesian pressure to flow
into the wells rapidly, the yield being only slightly affected by
variations in rainfall.
'T he Cretaceous sand strata supply a few of the deepest wells,
but up to the pres,e nt time they have proved of little value as
water horizons. As nearly as it is possible to interpret the well
data in terms of geologic formations, it seems that the most
satisfactory drilled wells are those which end before penetrating
the Cretaceous rocks. Little is known about the water-bearing
formations below the Cretaceous, but the evidence at hand indicates that nothing would be gained, either in the quality of the
water or in the artesian head, by drilling to thes-e, formations.
On account of the high surface altitude the water from any of
the lower horizons would remain several hundred feet below
the surface.
The wells of the county can be grouped, rather arbitrarily,
into four classes, as follows: ~1 ) Wells that are dug, bored, or
driven into the outwash gravels or upper loosely aggregated
accumulations of glacial drift to a depth slightly below the normal ground-water level, and that depend on the seepage from
these materials. This class includes perhaps four-fifths of th«
wells of the county. (2) W'ells that are bored to depths of about
50 to 150 feet and reach beds of water-bearing sand or gravel
or at least extend far enough below the ground-water level not
to fail in dry seasons. (3) W,ells that are drilled to depths between 75 and 225 feet, extending to deposits of sand or gravel
from which the water rises under artesian pressure. These
wells ar·e, tightly cased 'a nd depend entirely on the water-bearing
beds in which they end; they are relatively few in number but
have several advantages over the other types which recommend
them for general use. ( 4 ) Wells drilled to greater depths and
also tightly cased to th~, bottom. They are for the most part
less satisfactory than the shallower drilled wells because they
·end more commonly in fine sand (probably Cretaceous) that
interferes with the pump, limits the yi.eld, and frequently fills
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the well, and their wate'r is generally harder and more ferruginous and remains at greater depths below the surface. The
difficulty with the sand can in a measure be overcome by drilling
wells of larger diameter and usi~g independent pumps.
CITY AND VILLAGE SUPPLIES.

Ashton.-The village well at Ashton (population, 518) is six
inches in diameter and 65 feet deep and is cased to the bottom.
It ends in a bed of sand from which the water rises to the surface, and it is reported to have been tested at 800 gallons a
minute. The water is pumped into an air-tight tank from which
it is forced through the mains by compressed air. Nearly all
the inhabitants have shallow private wells and make small use
of the public supply.
Sibley.-The waterworks at :Sibley (population, 1,330) are
supplied from a well 16 feet in diameter and 26 feet deep; they
comprise an elevated tank, about three miles of mains, and about
25 fire hydrants. The average daily consumption is estimated
at 11,000 gallons. 'T he well furnishes sufficient. water for present
demands but is liable to fail in dry seasons.
Sibley is 1,502 feet above sea level. According to Norton, its
high elevation and its nearness to the old land of pre-Cambrian
crystalline rocks seen in the ·outcrop of Sioux quartzite a few
miles west render the success of an attempt to obtain artesian
water from the Ordovician and Cambrian water beds probl'ematico Beneath the exceptionally heavy drift of this regionreported at Ollendorff as 515 feet thick-the drill will find thick
'beds of the Cretaceous, comprising the shales and marls of the
Colorado group and the underlying Dakota sandstone-the last
furnishing an abundant supply of water. Whether the Saint
Peter sandstone extends this far to the west and north is unknown. According to the general lie of the formations, it should
be found, if at all, within 600 or 800 feet from the surface, the
depth depending not so much on the dip of the strata as on the
depth to which the upturned edges of the gently inclined strata
were worn down during the erosion periods before the Cretaceous submergence and on the thickn·ess of the Cretaceous beds
and drift deposited upon them.
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PALO ALTO COUNTY.

BY O. E. MEINZER AND W. H. NORTON.

TOPOGRAPHY.

West Ferk of Des Moines river flows diagonally through the
central part of Palo Alto county, occupying a wide but shallow
alluvium-filled valley, on either side of which extends a monotonous and poorly drained drift plain. Westward from the valley
this plain rises considerably, so that along the west margin of
the county it is decidedly higher than elsewhere.
GEOLOGY.

The. glacial drift rests upon a series of 80ft shales and poorly
cemented ~andstones believed to be Cretaceous in age, beneath
which lie limestones and other indurated Paleozoic formations.
Both the glacial drift and the Cretaceous rocks seem to thin 'Qut
somewhat toward the southeast corner of the county, thus allowing the Paleozoic limestones to come relatively near the surface.
(See PI. XVI, p. 814.) The following well records throw light
upon the geologic section of this region.
Section 01 abandoned city wen at Emmetsburg.

I

ThIck· Depth.
ness.

I
Soil, yellow clay. gravel _____ ..!. _______________________________ _
Olay, blue ______________________________________________ _
Sand gravel, and yellow clay _______________________________________ _
Olay, blue ___ .:.. ______________________________________________ _
Gravel and sand ________________________________________________ _
Olay, blue ________ .:. _____________________________________ _
Hardpan _______________________________________ •______ _
"Quicksand" _____________________________________ _

~eet

25
, 20

Feet
25
45
IiO

6
85
2

116
117

88i

200_
____

eo ____ _
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Section of Oh'icago, Milwaukee &; St·. Paul Railway well at Emmetsburg.
ThiCk-\ Depth
ness

\

Feet

P;~~~er:~~' s-a~(j'ito~e--==============================================================

225

109

Sb ale, red _____________________________________________ __ _____________________________ _
Dolomi t e __________________________________________________ __ ___________________________ _
Shale, sandstone, limestone, etc. __________________________________ __________________ _

22
32

484

Feet

225
334
356

388
872

Section of village well at Ayrshi1·e.

\

ThICk-\ Depth.
ness.

Feet
Feet
Soil, yellow
clay, sand and blue clay______________________________________________
1602
160
Sand
______________________________________
____________________________________________
162
OIay, blue, with sand __________________________________________________ ____ ____ _____
58
220
Shale __________________________________
80
300
Sand, with seams of shale _____________________________________________ _________ _____
73
373
Shale, red (entered) _________________________________________________________________________________ _
~-------------------_________________________

Section Of village well at W est Bend.

I

Thick· \ Depth.
ness.

OIay, yellow and blue ______________________________________________________________ _ Feet
81
Sand, fine, white, and blue clay ____________________________________________________ _
22

"J<'Unt' ______ _______________________________________________________________________ _

7~

Sand (entered) _____________________________________ ___ ______________ -------_______ _

Feet
81
103
103!
1l0!

Section of the abandoned village well at WeISt B end.

TbiCk-1 Deptb.
ness.

I

Drift (similar to above section) _______________________________________________________ Feet
94 Feet94
Sand ______________________________________________________ -----------------_____ ___
112
206
"Red marl" ______________________________________ ________________ ---- ------ -----______
20
226
Ohert, etc. ______________________________________________________--------______ _____
43
269
Sandstone, etc. __________________________________________________•___ -----______________
23
292
Limestone __ _____________________ _____________________________ __ -------------------__
89
881
Shale, blue (entered) ______________________________________________________ ------- ---__ - _______ ._____ __

The "quicksand" in the first Emmetsburg well, the incoherent
sandstone in the second, the 73-foot bed of sand in the Ayrshire
well, and the 112-foot bed of sand immediately below the drift
at West Bend apparently represent the Oretaceous""':probably
the basal Oretaceous deposit. In each of the three localities this
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formation rests upon a bed of red shale which may be the red
shale formations found in the vicinity of Fort Dodge. According to the section, the thickness of the glacial drift is a little
over 200 feet at Emmetsburg; about 220 feet at Ayrshire, and
approximately 100 feet at West Bend.
UNDEoRGROUND WATER.
SOURCES.

The water supply of Palo Alto county is drawn from outwash
and alluvial deposits, glacial drift, Cretaceous sand or sandstone, Mississippian (~) limestone, and older formations.
The outwash and :a lluvial deposits, which are virtually confined to the valley of Des Moinea river, furnish wat·e r freely
to shallow wells, and this water is generally not so hard as that
from other sources. Outside of the valley most of the supply
is obtained from the upper part of the drift or from beds of
sand that lie at greater depths between deposits 'of bowlder
Clay, but many drilled wells end in the Cretaceous sand. In the
southeastern part of the county a few end in the underlying
limestone, and two-the railway well at Emmetsburg and the
village well at Mallard-draw from still deeper sources.
The drilled wells have the greatest av·e rage depth on the high
ground along the west margin of the county.
Thus in the
southern part 'of Lost Island township and the northern part
of Highland township they are commonly about 300 feet deep;
in the western part of Silver Lake township many are about
250 feet deep; and in Booth township depths up to 377 feet
were reported. In Vernon township depths of 250 to 300 feet
are also common, but in general throughout the central and
eastern parts of the county the depths are less. In the vicinity
of Cylinder 100 feet is perhaps an average, and near the river
many drilled wells end at considerably less than 100 feet.
Much difficulty has been experienced in finishing wens in the
Cretaceous sand strata. This difficulty .a nd its remedies are
discussed on pages 219-226.
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HEAD.

The depth at which the water stands in the wells varies with
the altitude of the surface, being generally greatest in the deep
wells in the western tier of to'Y'llships, in many of which it
stands from 100 to 175 feet below the top of the well, and l~ast
in the valleys and other low-lying areas farther east, where it
may rise nearly to the top or in a few localities may flow. In
the railway well at Emmetsburg the water rises within 33 feet
of the surface, or 1,197 feet above the sea, and in the abandoned
city well it rose within 40 feet of the surface, or 1,197 feet above
the sea. At Cylinder it rises within 12 feet of the surface. Between Ruthven and Emmetsburg several flowing wells that end
in the glacial drift evidently derive their head from the high
area immediately west. Another group of flowing wells" apparently supplied from Cretaceous sand, is found in the valley
of Prairie creek in the vicinity of West Bend. To judge from
the 1,050-foot well at Mallard and other deep-well data, no
additional head would be gained by drilling to formations below
the Cretaceous.

.

CITY AND VILLAGE SUPPLIES •

Ayrshire.-The village well at Ayrshire (population, 337) is
373 feet deep, ends in Cretaceous sand, and has been tested at
120 gallons a minute. (See p. 1068 for section.) The waterworks, which consist of an air-pressure system, are not yet extensively used.
Emmetsburg.-In Emmetsburg (population, 2,325) it is estimated that about 1,600 people are supplied from the city waterworks. 'T he public supply is taken from a dug well, 13% feet
in diameter and 25 feet deep, and the system consists of a standpipe, more than eight miles of mains, 37 fire hydrants, and 320
taps. The average daily consumption is approximately 40,000
gallons.
The Chicago, Milwaukee & St. Paul Railway well (PI. XVI,
p. 814) has a depth of 874 feet and a diameter of six inches. The
curb is 1,230 feet above sea level and the head 33 "feet below
the curb. The water comes from the Saint Peter sandstone,
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the water of the Dakota sandstone having been cased out.
Driller, W. E. Swan.
Driner's log

01

railway wen at Emmetsburg.

I

ThIck· J Depth.
ness.

SoU ___________________________________________:... ______ _ Feet

•

Clay. yellow _______________________________________ ____________________ _
Olay, blue ______________________________________________________ _
Sand, dark ____________________________________________ _
Sand, gray _______________________________________________________ _
Marl, red _______________________________________________________ _
LImestone, broken ________________________________ ______________ _____ _
LImestone, sandy ____________________________________________ _
Sbale, black ____________________________ _________ __________________________ _
LImestone _______________________________________ ___________ ___ ___
Shale, gray __________________________________________________ _
LImestone, magnesIan ______________________________________ ________________.
Shale, gray __________________________________________________________ _
Shale, blue _______________________________________________________ _
Sandstone, wblte ___________________________________________________________ _

16

204

80

79
22

10
22

•

~

80

15
224

65
SO ,

11~ 1

Granite ___________ .. ___________________________________________________________ _

Record

01

strata

01

Feet

•

21

225
255
8M

868
8M
S88
892
422
437

661
725
768

866
8U

railway well at Emmetsburg (Pl. XVI, p. 814).

ThICk' ] Depth.
ness.

I

-------------------------------------------- .--~

Quaternary
(225.:. _________________________________________________
feet thick; top, 1,280 feet above sea level):
SoU ____
_
Olay, bright' yellow, calcareous; wIth drIft pebbles ________________________ _
Olay, blue, pebbly; more strongly calcareous than above __________________ _
Oretaceous:
Dakota sandstone (100 feet tblck; toP. 1,005 feet above sea level)Sandstone, moderately coarse, gray; mostly of clear quartz, but contaIns
many graIns of pInk and dark gray quartz, jasper and f1fnt ____________ _
Ssn
rlstone.
ver y coarse;
In composi
tion______________________________
to the above; sample con·_
talns
fragments
of tinesimnsr
whIte kaollnlc
clay
Oarbonlferous (PermIan?):
(1la v. flne. bright red ; sligbtly sandy, noncalcaroous _____________________ _
UndIfferentIated strata:
DolOmite, hard, gray and buff; fosslllferous; fragment of ImpressIon of one
valve blue
of a______________________________________________________________
square shouldered brachIopod; rough; subcrystalllne___________ __
Shale,
Dolomite,
light buff; the larger part of the sample consIsts of sand as at 225_
feet _______________________________________________________________
Shale, light blue, soft, calcareous _________________________________________ _
OrdovIcIan:
Galena
IJmestonemagnesIan,
(224 feet thIck;
793 feet above sea.level)LImestone,
graytop,
__________________________________________
_
DolomIte, light buff, soft ______________________________________________ _
LImestone, magnesIan, hard, gray _____________________________________ _
Platteville
limestone
fect calcareous
t hick ; top___________________________________
, 569 feet above sea level)RhnJe, blue.
soft . (95
highly
_
Shale, as above but darker and less calcareous ____________ ______________ _
Saint Peter sandstone (110 feet thIck; top, 474 feet above sea level)Sandstone;
grains
of clear quartz,
smooth, well rounded, mostly 0.65 to_
0.'1 mllllmeter
In dlameter
______________________________________
PraIrie du Ohlen stageShakopee
dolomIteDolomite,
light gray, subcrystallfne __________________________________ _

..

Feet

Feet

16

5

21

II

204

225

80

255

79

8M

22

S68

S2

S88
892

4

80

15

50
90

422
4S7

487
577

104

661

65
80

'Il!6
168

110

866

8

8'14
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Graettinger.-Most of the people of Graettinger (population,
556) get their water from shallow wells that ,e nd in alluvial
deposits, but perhaps one-fifth are supplied from the public
waterworks, which include an elevated tank and a short system
of mains. An abundance of water for the public supply is obtained from a dug well sunk 28 feet into alluvial deposits.
Mallard.-The waterworks at Mallard (population, 331) are
supplied from a well 1,050 feet deep. (See PI. XVI, p. 814.)
There are an elevated tank, one-fourth mile of mains, four fire
hydrants, and six taps. The average daily consumption is estimated at 3,000 gallons.
The well has a diameter of eight to four and one-half inche·s,
casing to 1,000 feet. The curb is 1,228 feet above sea level and
the head 66 feet below curb; capacity, 76 gallons, a minute.
Water was struck at 260 feet in fine sand, and again at 1,000
feet in white sandstone. Driller, Swanson, of Minneapolis.
Year completed, 1903.
Record of strata in Mallard city well (P l. XVI, p. 814) .
ThiCk-! Depth.
ness.

I

Drift ______________________________________________________ ---- _________________________ _ Feet
380

Unkno,,'n ___ _____ ________ __________ - _____ -_____ -_____ -_____ -- -___ - _____ -- __ ---- -- -_____ _

Limestone, argillaceous ______________________________________________________ --_______ _
Sandstone _____ _________________________________________________ --______________________ _
Shale, blue, calcareous __._____________________________________________________________ _
Dolomite and limestone ______________________________________________________ --_______ _
Limestone with seams of shale _________ _____________________________________________ _
Dolomite ______________________________________________________ -------------------------Limestone ______________________________________________________ .- ------------------------

119
11

i~!~~t~{~:~~~~i~}~~ij3~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I

30
20
60

Sandstone, wWte, noncalcareous (Saint Peter) _____________________________________ ~

Feet

380

30

499
510
600
645
745
775

25

800

80

880
910
930
990
1',010
1,050

90
45

100

20
40

Ruthven.-The waterworks at Ruthven (population, 655) are
supplied from a dug well, 20 feet in diameter and 20 feet deep.
The water is pumped into an air-tight tank, from which it is
forced by air pressure through about half a mile of mains to
seven fire hydrants. The water is very little used except for
fire extinction. There are many shallow private wells from
which the domestic supplies are obtained.
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West Bend.-The public supply at West Bend (population,
679) comes from a nO-foot flowing well. (See p. 1068 for section.) The water will rise three feet above the surface, or 1,156
feet above the sea. It overflows at the surface at the rate of several gallons a minute, but is drawn down to 30 feet below the surface when pumped at 100 gallons per minute. It is lifted into an
elevated tank and distributed by gravity through about a mile
of mains to 10 fire hydrants and ' 20 taps. About 100 people are
supplied and approximately 2,500 gallons are used daily.
An old city well at West Bend has a depth of 381 feet and a
diameter of six inches to 284 feet and four and one-half inches
to bottom. The curb is 1,197 feet above sea level and the head
31 feet below the curb. The water is from 290 to 381 feet;
capacity, 20 gallons :a minute. The well was completed in 1895
by C. P. Thomas, of West Bend, and was abandoned some years
later on account of the insufficiency of its supply.
Record of strata in city well No.1 at West B end.
[Based on driller's log.1
j Thlck- j Depth.
ness.

Quaternary:
SoU __________________________________________________________________________________ _
Clay , yellow ___________________________________________________________________ _
Clay, blue ____________________________________________________________________ _
Sand and gravel ___________________________________________________________ _
. Clay, blue, and hardpan, blue ________________________________________________ _
Cretaceous:
.
Sand, yellow ______________________________________________________
____________ _
Marl, red ____________________________________________ ______ "___________________ _
Carboniferous (Mississippi-an):
Chert, white, slightly pyrltfferous; some fine green clay__ __________________________
Sandstone,
In fragments
of limpid quartz, with considerable chert, and some_
blue-gray limestone
____________________________________________________
J;>olomite, white, somewhat arenaceous _______________________________________ _
Limestone, blue-gray _________________________________________________________ _
Dolomite or magnesian limestone , blue, crystalline ____ ___________________ _
Dolomite, crystalline, light blue-gray, blue-gray and yellowish; 3 samples___ _
gray, hard, compact, finely crystalline, argillaceous;_
Dolomite
, blue
and light
2 samples
_________
______________________________________________________________
Limestone,
from
light
yellowish
to dark brue-gray; often mottled; In thin_
flakes; soft, earthy luster ____________________________________________________
~

~

Limestone,
buff, soft
and_____
argfllaceous
at 350
crystalline
ana chertybrown
below; and
3 samples
_________
_______________
____feet;
________
_____ _
I,imestone, magnesian, gray, hard, compact; some shale; 3 samples ________ _
Shale, blue_

68

Feet
5
16
41
9
23

Feet
6

21

82
71
~

20

208
226

48

269

23

292
298
802
SOlI

112

6
4
~

25

831

8

389

11

850

12

M2
381

19
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PLYMOUTH COUNTY.

BY O. E. MEINZER 'AND W. H. NORTON.

TOPOGRAPHY AND GEOLOGY.

The upland surface of Plymouth county consists ofa gently
undulating prairie which descends gradually toward the southwest and is trenched by a number of valleys that trend southwestward~ their direction ' no doubt being determined by the
original upland slope. Big Sioux river, which occupies a rather
wide valley, forms the west boundary of the, county.
fJ;he surface deposits consist of alluvial and outwash deposits,
loess, and glacial drift. In t~e Sioux valley, in' Sioux and Plymouth counties, a series of Cretaceous rocks, consisting of shale
and impure limestone (Benton)" and sandstone (Dakota), is
exposed. Between the glacial drift and the underlying Cretaceous lie sands of doubtful age. 1 (See PI. VI, p. 310.)
UNDERGROUND WATER.
SOURCES.

Water in Plymouth count~ is derived from aliuvialand outwash sand and grav·el, glacial drift, sand of uncertain age, and
Cretaceous limestone and sandstone.
The alluvial ~nd outwash sand and gravel are confined to the
principal valleys, where they .constitute a valuable source of
supply. . The glacial drift, which has a much wider distribution, is relied on chiefly in the upland districts and furnishes
most of the water used in the county. A number of drilled
wells end in sand which lies at or near the base of the drift and
may, at lea~t in some places, be identical with the sand deposit
of uncertain age in the Sioux valley between the Cretaceous
.
deposits and the drift.
lBaln, H. F., Rept. Iowa Geol. Survey, vol. 8, pp. 826, 827.
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The Or'e,taceous limestone crops out near Akron, where it
gives rise to strong springs. It also, supplies a number ' of
drilied wells in the western part of the county. Though drillers
do not recognize it farther east, it seems probable that if they
would watch for it after the drill had penetrated shale, they
would :find it more widely distributed than it is at present known
to be, and might :find it a valuable source of water. No screens
would be required in wells ending in this formation, and its
depth is not great.
'
,
The Dakota sandstone outcrops. in the Sioux valley in the
southwestern part of the county, where' it supplies many drilled
wells. The head of the water lowe~s toward the outcrops, as
is shown by the fact that at Hull, Sheldon, and Primghar the
water rises to about 1,225 feet above sea level; at Hawarden
to 1,150 feet; at Le Mars to 1,142 feet; and at Hinton to only
1,120 feet. In some sections of the county the w3:ter remains
so far below the' surface that it will perhaps never be extensively utilized, but in other parts it rises nearer to the surface
and would be a valuable and reliable source of supply if it were
not for the sand which tends to rise in the wells. Another disadvantage is the hard and ferruginous character of the water.
In the northeastern part of the county nearly all farm wells
are bor,ed or dug, are very shallow, and are commonly situated
on low ground. Farther east and south most of the wells are
drilled an~ many end in the Dakota sandstone at depths of 100
to 200 feet. In the Sioux valley driven wells about 25 feet deep
are widely used.
SPRINGS.

Many rather .large Slprings emerge along Big Sioux river, the,
water in most of them coming from the limestone that outcrops
in the valley. One, spring of local note about a mile south of
Akron yields several hmidred gallons a minute; another occurs
four and one-half miles north of Akron, along the river.
CITY AND VILLAGE SUPPLIES.

Akron,-The public supply of Akron (population, 1,130)
comes from eight driv'en wells, each 24 feet deep. The water
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is pumped into reservoir on the top of the valley cliff and is
thence distributed by gravity pressure through about 'one and
one-half miles of mains to nine :fire hydrants and 62 taps. The
average daily consumption is approximately 15,000 gallons.
KingsZey.-The public supply of Kingsley (population, 977)
is furnished by three dug wells, each 16 feet in diameter and
20 feet deep. The water is pumped into an ,elev:ated tank and
thence distributed by gravity through one and ,one-half miles
of mains to 24 :fire hydrants and 63 taps. It is reported that
about one-third of the population are supplied and that approximately 6,000 gallons of 'water are consumed daily.
Le Mars.-The waterworks in Le Mars (population, 4,157)
are owned and operated by a private corporation. The water is
obtained from 22 driven wells and is pumped directly into a
system of mains about 12 miles long, which is tapped by 94
:fire hydrants and about 850 service connections. It is estimated
that approximately 750,000 gallons are consumed daily.
A well at Le Mars (PI., VI, p. 310), owner unknown, has a
depth of 1,560 feet, starting at an elevation of 1,275 feet above
sea level.
Record of stmta in deep _well at Le Mars.a

/

ThiCk./ Depth .
ness.

"son" __________________________________________________________________________________ Feet7
"Olay, yellow" ___________________ ______ _________________________________________________
13
"Olay, blue" ______________________________________________________________________
44
"Sand and gravel": hardened above __________________________________________________
27
"Soapstone and slate" __________________________________________________________________
89
" Sandstone, clays,
and some
in alternating strata"________________________
138
"Sandstone;
with some
shale"lignites:
______________________________________________________
li7
Sandstone, mlcaeeous: of broken grains: noncalcareous _____________________________ ________
Sandstone: as above, many grains pink , reddish and yellow _____ ___________________ ________
Gneiss
constituents 01 orthoclase , quartz, and muscovite: reddish In mass______ ________
Gneiss (?):
(?): chiefl.y feldspar and mica ___________ _______________ _____________________ ___ _____
Schist, micaceous; brown In mass ___________________________________________ _____ _______

Feet 7
20
64
91
ISO

318
465
860

960

1,060
1,325
1,560

The base of the Cretaceous may be placed at a depth of 465
feet, or 810 feet above sea le,vel. The floor of crystalline rocks
was unquestionably reached at 1,060 feet, or 215 feet above sea
level. The sandstone at 960 feet may be compared in the num'Strata below 560 f eet were determined by the writer;' all other statements
are taken from Todd, J. E. , Proc . Iowa Acad. ScI., vol. I, pt. 2, 1892, p. 14.
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ber of pink, reddish,and yellow grains to the sandstones at
Hull, which are found associated with intrusive sheets of quartz
porpliyry and may be pre-Cambrian in age.
A drill hole owned by C. R. Woodward (section 15, T. 92 N.,
R. 45 W.) east ,of Le Mars has a depth of 381 -feet.
RecorlL

01

strata in WoolLwarlL ILrilZ hole near ·lie Mar!_
ThICk-' Depth.
ness.

I

Feet
Drift ______ ___________ ______ ______ _______________ ______ ____________________________ _ Feet
25
25
Olay, bluish black, with bituminous matter and 'gypsum ____________________ _
25
50
Bituminous matter and gypsum _________________________________________________ _
10
60
Soapstone
and clay,
organic matter colored by____________________________
iron oxide and carbonate of lime_
and magnesia
____________________________
79
19
San<lstone, very hard, ferruginous, slightly calcareous _____________________________ _
8S
8~
Oalcareous
Iron oxide; first seam of lignite, 1 ineb; also sulPhate.of_
magnesia sandstone,
___________________________________________________________________
2j
Stone,
chalky, calcareous; marly partings contain nearly pure calcium arenaceous,
carbonate ________________________________________________________
98
Marl, calcareous ____________________________________________
1
9'
Oalcareous fragments ____________________________________________________
1
95
Slate, rotten, bituminous, calcareous _______________________________________
6
101
Slate, slightly calcareous _________________________________________________
11
11!
1
11S
Shale, calcareous ______________________________________________________________
Slate, rotten, bituminous; and shale ______________________ ___________________
12
125
Soapstone
and slate
_________________------------------------------------181
Shale,
calcareous
______________________________________________________________
16
IS!
Shale, calcareous and siliceous ___________________________________________________
5
1S7
Shale _______________________________________________________________________________
8
145
Shale, very hard _______________________________________________________________
1
1'6
Limestone, in bands; hard, bituminous _____________________________ ____________
12
158
Slate, bituminous, and shale, with streaks of coal and Umestone_____________ ~___
4
162
Shale; hard slate and shale; wind veins blow sand out of top of welL___________
13
175
Slate and shale; with limestone bands and openings ___________________________
4
179
Oonglomerate, hard ___________________________________________________________
2
181
Sandstone" hard , ferruginous , calcareous, with slate streaks___________________
6
lil7
Sandstone, reddish brown, ferruginous _________________________________________
8
195
Rotten siliceous rocks, slate and blackjack ___________________________________
6
201
Slate a.nd fire clay, with streaks of hard coaL_____________________________________
4
205
Sandstone,
micaceous,
with streaks of fine clay_____________________________________
64
211
Fire clay and
slate ________________________________________________________________
215
Sandstone, hard, micaceous ____________________________________ ____ ____________
5
220
. Slate, bituminous ___________ ___________________________ _____________________________
2
222
Upper coal __________________________________________________________________________
224j
Fire clay, 3, and sandstone, 1 ____________________________________________________ - Ii
226
Sandstone, dark; organlc matter ___________________________________
5
2S1
Shale, bituminous _________________________________________________________________
284j
Ooal _______________________________________________________________________________
Ii
236
Fire clay, flue coal _______
I
287
Soapstone and slate; limestone and coal streaks _______________________________
5
242
Shale,
arenaceous;
in streaks
--------------------------------------------6!
2421
Black oxide
of iron coal
(!p.agnetlc),
hard,
solid ________________________________________
2481
Same; with soapstone ____________________________________________________________
4
2521
Gypsum and soapstone ___________________________________________________________
6
258}
Soapstone, hard, ferruginous , with gypsum ____________________________________
41
Ooal and slate ____________________________________________________________________
i
263J
Slate and fire clay; pyrite ____________________________________ :__
268
Soapstone ____________________________________________________________
15
263
Ohert ______________________________________________________________________________
j
263j
Soapstone __________________.,.,.____________________________
16j
SOO
Slate, bituminous; with pyrite ______________________________________________
6
S06
Slate, bituminous, siliceous; with pyrite ____________________________________
9
S15
Slate, flue-grained; with pyrite ___________________________________ ________________
8
328
Sandstone, brown, ferruginous; streaks of coal and slate _____________________
11
334
Sandstone, brown, ferruginous; with heavy spar ______________________________________________ _
Shales, quartz crystals ____________________________ ________________________
6
H40
Shale, ferruginous, calcareous ______________________________________________________
10
350
Quartz rock and spar ___________________________________________________________
14
864
Sandstone, ferruginous; with fluorspar ___ _____________________________________
f<
370
Shales,
siliiceous,
streaks of carbonaceous matter______________________
311\
Ooal (solid
vein) with
___ ____
__ ______ ____ ____ ____ _
56
881
~

7~

~__________________

2~

8~

~__ _ ______ __ ________ __ _______________________________________

263~

4~

~_____________ _ _____________

~
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AU these strata are referred by Bain to the Cretaceous, '
although he would entertain' the theory of a Pennsylvanian outlier in which the drill was still working at the bottom of the
drill hole.
Remsen.~The waterworks iIi Remsen (population, 1,076)
,draw from two dug wells a supply which, tp.ough not great, is
sufficient for the present requirement of approximately 13,000
gall,ons a day. There are an elevated tank, about a mile of mains,
15 fire hydrants, and 22 service connections.,

POCAHONTAS COUNTY.

BY

o.

E. MEINZER.

TOPOGRAPHY.

The surface of Pocahontas county is a monotonous, slightly
undulating, poorly drained drift plain which has been modified
to a minor extent by stream erosion. It ,rises gradually toward
the west.
GEOLOGY.

The glacial drift" :a ppears to have a thickness of approximately
200 feet in the western part of the county, but it becomes thinner '
toward the east and especially toward the northeast, where
in certain localities it is very attenuated, the underlying ,rock
coming to the surface in at least one place.
, Cretaceous deposits, consisting chiefly of beds of loose sand,
lie below the drift in perhaps all parts of the county except
in a small irregular area in the northeast, where the drift rests
upon limestone of Mississ[ppian age. (See PI. XVI, p. 814.) The
Cretaceous deposits are not known to outcrop anywhere in the
county, though they are constantly encountered in drilling, but
Mississippian limestone is exposed in the quarry near the railway northeast of Gilmore and perhaps elsewhere. It is not im-
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probable that remnants of the Pennsylvanian also exist in the
county.
The small area in which the limestone is near the surface and
the Cretaceous deposits are absent occupies the northern and
eastern parts of Clinton township (T. 92 N., R. 31 W.) and some
adj'oining territory. Its margin passes through the village of
Gilmore, northwestward to a point west of Rolfe, and thence '
turns northeast. Along this margin the limestone surface descends with relative abruptness, passing beneath the Cretaceous
accumulations to depths that are never reached in ordinary
wells. In Gilmore this limestone surface was found to drop 80
feet between two wells 150 feet apart, and other similar evidence suggests that in some localities there may be a burieq,
limestone escarpment.
UNDERGROUND WATER.
SOURCES.

.

The glacial drift, the porous Cretaceous sand strata, and the
fissured Mississippian limestone are all three drawn upon for
water. The first supplies numerous shallow wells, in many of
which the yield is small and easily affected by drought; the
second contains an abundance of good water, but yields it with
difficulty because of the sand (for remedies, see pp,. 219-226) ; the
third has a large supply of water and is very satisfactory
throughout the small area over which it lies sufficiently near
the surface to be reached in ordinary drilling operations.
Near Fonda the drilled wells have an average depth of perhaps 200 feet, though some extend to more than 300 feet; near
Laurens they range from less than 100 feet to approximately
375 feet and average perhaps 250 feet; near Pocahontas they
average about 200 fe.et, but some .are much deeper; near Palmer
their average depth is between 100 and 200 feet; and near Rolfe
they range from about '60 to ' 300 feet and average· about· 14fJ
feet .
.Two of the deepest wells in the county are the Chicago, Rock
Island & Pacific Railway well at Laurens, which is reported to
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enter sand at 190 feet and to end in sandstone at 490 feet, and
the old Blanden well, m regard to which no information was
obtained. .
HEAD •

.The water remains farthest below the surface in wells on
the relatively high area in the northwest and comes nearest to
the surface in those on the lower ground in the southeast, where
indeed in the valley of Lizard creek several flows have been
struck. Relative to sea level, however, the water rises highest
in the northwest area and remains lowest in the northeast, where
it is drained from the limestone into the Des Moines valley.
These conditions are shown in the following table, which is based
on wells that 'end in the lower part of the drift or in the subjacent sandstone or limestone:
Hea(J oflthe water in PocaMntas County.
Height to
which the
water rises
Location

Laurens _________________________________________________ Feet
1,812
Fonda ___________________________ "-____________________ 1,284
Havelock ______________________________________________ 1,282
Pocahontas _________________________________________ 1,225
Palmer _________________________________________________________ 1,244
Lizard creek ______ ..: ______________________________________ c___________ . ______ _
Rolfe ________________________________________________________ 1,160
Gilmore ________________________________________________ 1,207

Feet

- 65
-14
- 25
- 20
- 80

Feet

1,247
1,220
1,207
1,205
1,21'

+ ------1,120

- 40
-100

1,107

DRAINAGE WELLS.

In the area of limestone wells a number of small swamps on
th~ drift surface are being drained downward through wells
into the underlying lim·estone. This method of drainage is of
course possible only in areas where the head of water from the
limestone is 'considerably lower than the ground-water table of
the drift, but because of the leakage from the lim·estone in the
valley of Des Moines river this is here the usual condition.
Drainage wells have not proved entirely successful because of
their rapid deterioration, which is probably due to the sediment
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that is carried into them with the water. Wells discharging
into the sand strata. have been less successful than those which
empty into limestone, because the pores between 't he grains of
sand are much smaller than the crevices in the limestone, and
- hence they conduct the water away less fr,e:ely and are more
easily choked with sediment.
CITY AND VILLAGE SUPPLIES.

Fonda.----'The village well at Fonda (population, 978) ends. in
sandstone at the dept'P. of 331 feet. It has been tested at the
rate of about 400 gaUons a minute. The water rises within 14
feet of the surface, or approximately 1,220 feet above sea level.
It is pumped into an elevated tank from which it is distributed
by gravity through about three miles of main~ to which are attached 16 fire hydrants and 95 taps. It is estimated that about
600 people are supplied, and that 50,000 gallons of water are
c:onsumed daily.
Section 01 village wen.at Fonda.
Thick· \ )epth.
ness.

I

Soil and yellow clay; clay , blue _____ ____ _______________ ___________________~ _______ _ Feet
197
Sand and gravel ___ _ _ ______ __________________________________ _
2S
Olay, hard, blue, with gravel __________________________________'______ _
58
Sandstone __________________________________________________________ _
7
Shale, blue and red; limestone, sandstone, etc. ; sandstone (entered) ________ _
51

Feet
197
, 220
278
280
881

Beneath the strata penetrated in the village .well, sandstones
and shales of the Pennsylvanian may be expected, and shales
which will merge into the great dolomitic series extending with
little interruption to the shales of the Platteville immediately
overlying the Saint Peter sandstone. Norton's estimate places
the Saint Peter somewhat more than 1,300 feet below the surface. No flow oanbe expected, but by casing out the upper
waters a less heavily mineralized supply than the present could,
according to Norton, be ·obtained.
Gilmore.-The village of Gilmore (population, 689) has a puolic well but no waterworks. The well is 244 feet deep and enters
limestone at the depth of 200 feet.
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Laurens.-The village well at Laurens (population, 817) is
229 feet deep; the beds for the first 190 feet are reported to consist mairily of clay and for the last 39 feet of sand. The water
' rises within 65 feet 'of the surface, or 1,247 feet above sea level,
and has been pumped at the rate of 35 gallons a minute. It is
raised into an elevated tank, whence it is distributed by gravity
through about' a mile of mains to six fire hydrants and about
40 taps. It is estimated that 200 people are supplied, and that
12,000 gallons of water are consumed daily.
, Pocahontas.-Perhaps one-third of the people of Pocahontas
(population, 987) use water from the public supply, and the
rest depend on private wells, many of which are shallow, The '
village well ends in sandstone at the depth of 248 feet, and has
been pumped at the rate of 150 gallons a minute. The water
rises within 20 feet of the surface, or ;:tbout 1,205 feet above
sea level. The waterworks consist of an air-pressure'" system
with nearly two miles of mains, to which are attached 18 fire
hydrants and about 40 taps. The average daily consumption is
. reported to be approximately 20,000 gallons. '
Section of village wen at Pocahontas.

I

Thick· Depth.

I
OJay _________________________________________ ....:________________
-Sand ___________________________________________________________
Sott sandstone (entered) _____
~__ _ _____________________________________

lIess.

Feet
120
108
20

Feet
120
2?8
248

,Rolfe.-The village well at Rolfe (population, 954) is 108 feet
deep, all but the first eight feet of which is in limestone. The
water stands 40 feet below the surface, 'o r 1,120 feet above the
sea, and has been pumped at 40 gallons a minute. It is lifted
into an elev'a ted tank from which it is distributed by gravity
through a system of mains, about 7,000 gallons being used daily.

•
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SAC COUNTY.

BY

w.

J. MILLER.

TOPOGRAPHY AND GEOLOGY.

Sac county may be divided into eastern and western topographic provinces. The eastern province is covered by Wisconsin drift and shows the generally level surface characteristic
of that deposit. North Raccoon river flows through it · in a
southerly and southeasterly direction, cutting its valley to a
considerable depth below the general level. The western province is loess-covered and is distinctly more hilly than the eastern. Boyer river flows across. it from north to south. The western boundary of the Wisconsin drift practically constitutes the
drainage divide in this part of the state and it iR ~. region of
unusually high land.
Of the drift f.ormations, the Kansan extends over the entire
co'unty, being overlain by the Wisconsin in the east and by the
loess in the west. Rocks of Cretaceous age may be found beneath the drift in all parts of the county.
The drift deposits ar,e in general horizontal, and the older
rock formations lie either flat or dip slightly eastward.
UNDERGROUND WATER.
SOURCES.

..
-. ".~
There are tw.o important water horizons in the drift, one at
the base of the Wisconsin and the other at the base of the
Kansan. A large number of wells sunk to these horizons furnisha good supply of water of excellent quality except for its
hardness. The Cretaceous and older rocks afford a third source
of water.
Over the whole county the most certain and satisfactory aquifer in the surface deposits is! the sand or gravel at the base
of the Kansan drift. The drift is unusually deep over the :region
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and this aquifer is known to be at a maximum depth of at least
480 feet, and has nowhere been struck at a depth of less than
130 feet. As a rule it lies deeper in the western part of the
cOlmty because of the greater thickness of the drift there. In
some wells, as in the abandoned wells at Odebolt and Schaller,
water from this deposit is so highly mineralized and so full of
organIc matter as to be unfit for use.
In the eastern or Wisconsin drift-covered region an important water bed is the sand or gravel at the base o'f the Wisconsin. 'T his aquifer ranges in depth from 50 to 100 feet, but
in many places is missing. A few wells obtain a fair supply
of water from local sand or gravel pockets within the blue
clays of the Kansan or the Wisconsin drift.
In the western or loess-covered region water is obtained in
some places from a sandy layer within or at the bottom of the
loess. Many shallow wells derive water from this source, but
the supply is often seriously affected by varying seasons.
As compared with the counties of central Iowa, Sac county
contains but f'e'w "rock" wells. Such wells receive their water
mostly from Cretaceous sandstone.
PROVINCES.

Sac county may he di~ded into two underground-water provinces-the eastern or Wisconsin drift-covered area and th~
western or loess-covered area. The chief difference between
the two is that in the former there are two clearly defined water
horizons, one at the base of the Wisconsin and the other at the
base of the Kansan; whereas in the latter there is but one, at
the base of the Kansan.
A few flowing wells are to be found in the eastern province.
These wells, south of Sac City, are ,on low ground along a tributary of North Raccoon river, where the head is gr'e at enough
for overflow. Good well records are not available, but it is
thought that the water comes fr,om the important aquifer at
t~e base, of the blue Kansan .clay.
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SPRINGS.

Some springs of large size are found along North Raccoon
river, the most noteworthy ones bej,ng those leased by Sac City
for a water supply. Other springs occur along the river, such as
that on the William Harrold farm across the river from Sac City
and a so-called "sulphur" spring on the M. Judd farm, two'
miles south of Sac City. All. these spring waters are heavily'
charged with carbonate of lime and are locally called "petrified" sp~ings because their waters incrust objects thrown into
them. Some smaller springs ,o r seepages are found along other
stream courses.
CITY AND VILLAGE SUPPLIES.

Sac City.-The water supply of Sac City (population, 2,201)
is drawn from springs. The water is led into a tank whence
it is pumped by steam to a standpipe. The direct and gravity
pressure is 80 pounds. There are three miles of mains, 27 fire
hydrants, and 327 private hydrants. About 1,800 people use
the water, which is plentiful but hard.
The springs, which are four in number, are located along a
small branch of North Raccoon river about one mile north of
the city. They emerge from the slope of the branch, the water
apparently coming from a gravel layer in the yellow Wisconsin
clay. The flow is about 1,000 b.a rrels a day, the supply being only
slightly diminished in very dry weather. 'T he temperature of
the water ranges fr,om 52· to 56·. The water incrusts boilers
considerably. Each of the four springs has been carefully
cleaned out, built up with cement tiling, and is kept covered
and locked. A pipe leads from each spring into a four-inch main
which in turn extends about thre~-fourths of a mile southward
to a reservoir at the pumping plant. From the" reservoir the
water is pumped into a standpipe.
The well of the Chicago & North Western Railway has a
depth of 379 feet. It was completed before 1900 by William
.Burge, of Lisbon, Iowa.
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Driller's log of wen at Sac Oity.
Thlr.i<· 1Depth.
ness.
.

I
~~~d
Dixcobble
id-======================:================================
Clay,y:gg":;o-arse-gtaveCl
blue; mixed with
stones ___ ..______ ______________________________ ________ _

Sand, gray and fine (water bearing) ___________ __ _____________ __ _____________________
Clay , blue; mixed with coarse graveL ________________________________________________ _
Sand, gray; fine, ending coarse (wat~r bearln~) _~----------- ---------- ---- c--------- Gumbo, hard, black; will not mIx wIth water, wIll burn ___________________________ _
Clay,
dark
andhard
varying
a light color,
but ________
the last___________________________
5 feet mixed with coarse_
gravel
andblue
very
_____to
__ __________
___________
Coal. bmns well ___ ______ .. ____ ____ __ __________ __ ______ _• __________ ______ _______________ _
Hard substance; coal churned with It, so could not tell what it was _____ __________ _
Olay. hard, blue, and gravel mixed _______ __________________________________________ _
finesand
at top,
bottom;
full of water; water rose 230 feet In_
Sand
blue,the
pipe, and
forcedcoarse
up 100atfeet
__ _____________________________________________
Sandstone, compact, hard _________________ ____________ _________ ___ ____ ______________ _
Ooal __________________ , ______________________________________________________________
Sandstone, light ___"__________________________________________________________________ _
Slate ______________________________________________________ -----------___________________ _

Feet
15
12
85

Feet
15

?:l

5

112
117

77
8
3

202
205

133
1·
3

338
339
342
347

5
6

8
111
14}
2

19~

353
361
3621
377
379

Sac City is 1,196 feet above sea level. Its artesian forecast
by Norton is rather favorable on the whole, although a well
tapping the chief water beds of the Iowa artesian system must
necessarily be a deep one. The drift with its clays 'a nd sands
may be expected to be thick, and below it occur various strata
of Cretaceous and Carboniferous age, chiefly shales. Lime· stones and dolomites of the Mississippian "a nd lower terranes
extend with some interruptions of shaly beds for more than
· 700 feet to the shale of the Platteville. This green shale, which
in many places is fossiliferous, caps the Saint Peter sandstone,
which should be here found at 100 to 200 feet below sea level,
or 1,300 to 1,400 feet below th'e surface. For a town as large
as Sac City the drill hole should be carried a few hundred feet
deeper, or to 1~600 or 1,800 feet, in order to tap the large supplies usually to be found in the dolomites and sandstones underlying the Saint Peter. 'The contract should be drawn for several
hundred feet more than the most liberal estimate of needed
depth, but drilling should be stopped on reaching the glauconif·erous shales of the Saint Lawrence .formation. · Casing may be
needed in the shales of the Carboniferous, the Cretaceous, and
the Platteville, and also in the Maquoketa shale, should this
formation extend so far to the west; but below the Pennsyl-·
vanian the drill hole will be mostly in solid limestone to the
Platteville, which immediately overlies the Saint Peter.
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Water may be expected but can not be assured in the different
iimestones, especially in the Mississippian and Galena, but the
chief supply will come from the Ordovician and Cambrian sandstones.
Minor supplies.-Minor water supplies in Sac county are
summarized below:
Minor supplie~ in Sac Oounty.
Pressure

---

~

Nature of
s upply

Town

.~

Pumping
system

<:l

fi;

A

.c:l

'"'"

.~

"

co

1:

0

A

""P-

e
""...

fl

'"'"
S

'"

~

S

(5

"

~"

."'"

~'"

~

'"

>-<

""

S
::>

'"::>

..'"'"
'"

'"0
~

"
.!!:~

~

0

~

-- 0

il<

A"

Remarks

".-

'"

Thousand
lbs. lbs. Miles
&als.
Early ____ WeD 11ij feet Gasoline
1 11 40 200 + 4.0 Good supply of
Gravity 85 + 85
medium barel
deep.
engIDe and
water.
windmll>J.
__ do ___ 48 · 100
11 ___ 100 800
Odebolt ___ 2 wells 25 teet Steam
18.0 Good supply of
deep.
hard water.
engine.

.

Scballer

--

WeU 12
deep.

Wall Lake Well 26
deep.

teet Steam pump __ do __ 40 +40

feet Gasoline
engine.
Triplex
pump.

__ do ___

87 ______

Ie! 80 175 9 to 15 Fair sUPPly of

2

medium
water.

21 12140 750

harel

51.0 "ood supply of
medium hard
water.

WELL DATA.

The following table gives data of typical wells in Sac county:
Typical wells

01

Sac OOUntll.

...

"...0

Owner

Location

.c
OJ,

'"

A

A. J. Masteller__ Southwest of Sac
Olty.

-,
F. H. Woolis ___ ll miles west of
Sac Olty.

.8

::>

""

'"
(5

......
"'::>" -

.c
OJ,

'"

A

0'"

<12

Feet Feet
180 ------ Sand

_.._..--

203 ----- Sand and
gravel.

"""
'"
~

Remarks:
(LogS g'iven in feet)

I

-90 Yellow clay, 25; blue
clay, 25; black mud
with very bad odor, 22;
dry sand, blowing out
air, 68; blue clay, 44;
sand and water, 0,

----------
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Typical wells of Sac County-Continued.

c.

""...'"

~

0

Owner

Location
.d

''""

A

Town _____
--------Town
______ __ Odebolt ----------Odebolt ----------

M. Hop- 51
Mrs. O.____________
miles east of
klns
of Wall Lake.
Ohas. Hecthner __ 7 mnes southeast
of Sac Olty.
Walter Snecrlng__ 5~ mnes east of
Sac City . .
Dan Rowe ________
miles southwest
of Sac Olty.
Geo . Speck _______ 2! miles north of
Early.
0 O. Porter______ 6 miles southwest
of Sch aller .
5~

J. O. Bodlne ____ 5 miles southeast

of Schaller.
F. Fravert ------ :Il! mnes north of
Odebolt.
Mrs. E. Murrey__ Schaller ' ___________

O. N. Search _____ 2 miles south of
Nem.aha.

'0

.£
:5

Remarks:
(Logs given in feet)

'"...'"
"",
0-

'"'"

'0

as

'"

ca'"

A

~

- -5 Open well, steam pump .
---------- ... --------_ .. Soil and muck, 10; sand

25 ---- Sand
366 ----- - Sana

62 ------ Gravel

- ---- ...

80 ------

---- do ----

- 15 Bored, 2 feet tiling.

IJ4 ------

---- do ----

-

57 ----... Sand
350 ---- .. 432

------

and
gravel.
do
------___ _ do

----

402 ------ Sand
129
351

----------- Gravel ----345 Shale (1)

--

400

390 Sandstone _

mnes north of
Early.
W. D. Holdrldge_ 9 mnes southeast
of Early.

480

468

260

240 Sand ------

Olty --- ----------- Wall Lake _________

16

Ohlcago & North
Western Ry. ___ Auburn -----------

124

Frank Smith

____ 4

-30

and gravel, 1; -blue
clay, 80; yellow clay ,
with bowlders at bo~tom, 50; blue clay,
with streaks hardpan
and gravel , also struck
"sea mud," 192; sand
and water, 28.

-- ----

(1)

25

+

Do .
Bored well, 2 feet tllfng.
Flows Ii -Inch stream.

-240
- 266 ;Black soil, 4; yellow CIa),
75;
(some
gravel),
sand, 2' blue clay and
some gravel, 272; dry
sand, 18; ocher clay
and blue clay, 19; hardpan , 12; sand anu
gravel (water), 30.
-6lj

-40
-242 Black soil, 4; yellow clay,
70; dark (blue) clay,

-140

-240
-140

do ____ -6&-16

116 Sandstone .. ----------

50; yellow clay and blue
clay, 216; hardpan, 6;
shale (water). II.
Pumped by windmill and
gas engine. Yello-w Clay
(some grave!), 30; blue
clay, 70; s-and and some
water, 15; yellow clay,
415; blue clay, 230; sand
rock and water , 10.
Water bed unknown,
contains pyrites.
Yellow clay, 40; blue clay
60; yellow clay and
sandy layers, 60; blue
clay, 75; sand and
water, 6; shale, 18;
coal, 1~.
Maximum yield 147 gallons per minute; decreased account sand.

,
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SIOUX COUNTY.
BY O. E. MEINZER AND W. H. NORTON.

TOPOGRAPHY AND GEOLOGY.

The gently undulating upland surface of Sioux county is
trenched by the valleys of several southwestward-trending
streams leading to Big Sioux river, whose deep and wide valley
forms the west border of the county. The uplands are underlain by glacial drift with a thin veneer 'of loess, and the principal valleys contain deposits of glacial outwash and recently
formed alluvium. Beneath the drift and the valley deposits lie
Cretaceous shales, sandstones, and impure limestones, some of
which are exposed in the Big Sioux valley farther south.
UNDERGROUND WATER.
SOURCES.

The water supply is obtained from glacial ,o utwash ,a nd recent alluvium, glacial drift, Cretaceous strata above the Dakota
sandstones" Dakota sandstone, and lower formations . .
'T he glacial outwash consists in large part of beds of coarse
clean sand arid gravel which, because 'of their great porosity,
their favorable situation for receiving drainage and seepage
from the uplands" and the impervious formations beneath them,
contain a large and permanent store of water, of high value
by reason of its abundance, its excellence, and the ease with
which it can be obtained. Although this outwash ,occurs over
only a small part of the county, the water is largely available
for municipal supplies, because most of the cities and villages
are located near streams. Though normally of good quality
especial precautions are necessary to prevent its pollution, because, in most cases, the city is built on the valley slope which
drains into the valley flat where the well is located.
69
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The glacial drift furnishes most -of the water. used in the
county and is relied on almost exclusively in the upland districts.
Many bored wells end in the surficial portion of the drift, from
which they derive supplies that are small in amount and that
frequently fail completely in dry. seasons. Deeper bored or
drilled wells, however, reach seams of sand and gravel in the
lower portions of the drift and thus tap 'water that is under
. considerable artesian pressure. Unfortunately in some parts
of the county these deeper water-bearing beds are p.ot found
in the drift.
The deepest drilled wells penetrate the Cretaceous formations
and are supplied from the Dakota sandstone" or perhaps in
some places from higher sandstones or limestones. The Dakota
contains .large and permanent supplies but the water .is hard
and ferruginous and the sand causes trouble by entering the
wells, especially if the latter are of the small "tubular" type
or are pumped rapidly. In the northeastern part of the county
the water rises to about 1,225 feet above sea level. In the creamery well at Hull it rises to 1,228 feet and in the deep wells at
Primghar (O'Brien county) to about 1,225 feet . .Farthersouthwest the head is lower, evidently because of outcrops of the
formation in this directIon and consequent leakage. At Hawarden the water rises apparently to only 1,150 feet above the sea,
and at Le Mars to only 1,142 feet; farther southwest it remains
. still lower. In the north~astern part of the county the level to
which water from this formation rises is about 200 feet below
the upland surface. In the valley of Big Sioux river the arte..
sian head is -only slightly below the flood-plain surface but
there is no evidence that flows can anywhere be obtained.
'T he only well known to penetrate formations below the Dakota is the deep well at Hull, which obtained unfavorable raS'\llts.
CITY AND 'VILLAGE SUPPLIES.

Alton.-The waterworks at Alton (population, 1,046) are
supplied from -large open wells sunk 20 feet into the saturated
materials in the valley of Floyd river. Until recently the supply has not been adequate but a large new well has been dug
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which will probably yield more than sufficient to meet present
demands. The system consists of a standpipe, two miles ,of
mains, 20 fire hydrants, and approximately 100 taps. A large
proportion of the inhabitants use the public supply.
Granville.-The village well at Granville .(population, 400)
is four feet in diameter and 40 feet deep. The waterworks consist of an elevated tank with a short system of mains and three
fire hydrants. 'The water is used almost exclusively for fire
protection, the domestic supply being drawn from numerous
priv;ate wells.
Hawarden.-The public supply of Hawarden (population,
2,107) is derived from sixteen two-inch driven , wells 23 feet
deep, which penetrate a layer of alluvial gravel. The water is
pumped directly from the'se ,wells into' about two miles of mains,
with which are connected 16 fire hydrants and 159 taps. Approximately 800 people are supplied, the average daily eonsumption being about 50,000 gallons.
Hull.-The waterworks at Hull (population, 658) consist of
a tank elevated upon a tower and one-fourth mile of mains with
four fire hydrants. Little use is made oJ the water. The city
well is 1;263 feet deep, and the diameter is ten to six inches.
The well is cased to 800 feet, and the water is reported to come
in part from about that depth and in part from 340 feet, where
the casing is said to have been opened. The curb is 1,433 feet
above sea level, and the water stands at 230 feet below the
surface, or about 1,205 feet above the sea, which is nearly the
level to which the water from the Dakota sandstone rises, in
this vicinity. The supply is "abundant," the capacity being
29 gallons a minute. Temperature 58° F. The well was completed in 1892 by Rodgers & Ordway, of St. Paul, and was repaired in 1907 by inserting 306 feet of new .casing.
Little is known of the sequence of strata except that the drift
extends to at least 190 feet 'a nd that at 755 feet there begins a .
succession of alternating beds of sandstone and quartz porphyry
whose record is given by Beyer.1
lAnn. Rept. ·I owa Geol. Survey. vol. 1. p. 168. 1893.
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Description of strata below 755 feet in city well at Hun.

Depth in teet.
Quartz porphyry, compact, olive-green ___________________________________________
775-800
Sand rock, fine-grained ______________________________________________________________
800-802
. Quartz porphyry ___________________ ~ __________________________________
802
Sandstone, coarse-grained ___________________________________________________________
825
Quartz porphyry ________________________________________________________________________
882-840
San dstone, fine - grai n ed _________ ___________ :_______________________________________
840-860
Conglomerate ___ ~ _______________________________________'________________________________
866
'Sandstone, fine-grained ____________________________________________________________
880-900

--7---------------

~

Quartz porphyry; the drillings contain also angular fragments of quartz
900-930
Sandstone, fine-grained _________________________________________________________
930
Pebbles, waterworn; fine sand adhering_________________________________________
930-935
Quartz porphyry, decomposing __________________c_________________________________
9S5-940
Quartz porphyry, perfectly fresh _________________________________________________
9«
Quartz porphyry, decomposing ___________________________________________________
949
, Quartz porphyry ___________________________________________________________________
975-990
Sandstone _____________________________________
990
Quartz porphyry ___________________________________________________________________1,194-1, 220
Sandstone, fine-grained ___________________________________________________
1,228
~________________________________________

'T he entire section is regarded as pre-Oambrian.
Ireton.-The waterworks at Ireton (population, 631) are supplied from four wells three feet in diameter and 12 feet deep.
The water is pumped by a windmill from the wells into a reser- ·
voir, and by an engine from the reservoir into an elevated tank.
About a mile of mains. supplies 12 :fire hydrants. The water
is not considered fit for domestic use" and the people depend
largely on rain water, which is stored in cisterns.
Orange City.-Until r.ecently the public supply for Orange
Oity (population, 1,374) was taken from a drilled well 215 feet
deep, but difficulty with the screen made it necessary to abandon
the well, and two shallow dug wells, whose combined yield is
only about 4,500 gallons a day, were temporarily brought into
service. There is an elevated tank and about a mile of mains
with nine fire hydrants and 28 taps.
A deep well was sunk in 1911 for city supply to a depth of
562 ,feet, by G. L. Savidge, of Sioux OIty. The diameters are
eight inches to 331 feet and six inches thence to the bottom.
Water was found at 300 feet ap,d in sandstone from 410 to 562
. feet. The head is 25 feet below the surface. The pumping
capacity at completion is stated to have been 20 gallons' a niinute.
It is also stated that the well "will hold out at 75 gallons."
The cylinder is placed at 321 feet below the surface 'of the
ground. The well is cased with eight-inch casing to a depth
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of 331 feet, below which is 144 feet of six-inch and 110 feet of
four and one-half inch casing, 60 feet of each' of the latter sec. tions being perforated with one-half inch holes to admit water.
No packing was used. 'The cost of drilling was $2 a foot. Unfortunately it proved impossible even with the cooperation of
the town officials to secure any samples as the drilling progressed
or any accurate log. A sketch of the well made by the driller
indicated the following sequence:
Log of wen at Orange CUy.

I

Thickness

UDknOWD. probably larcely drift _______________________________ _
Rock ______________________________________________________ _
C la y , blue _______ _______ __________________________________________________ _

Sandstone;
not very much water _____________________________ _
_
Clay _______________________________________________________
Sandstone. white. soft _____________________________________ _
Clay. blue.

Feet
331
8
? 73
80

70
50

I

Depth
Feet
331
339
? 412

442

512
562

Rock Valley.-The village well at Rock Valley (population,
1,198) is 10 feet in diameter and 30 feet deep, ends in gravel,
·a nd has been tested at 300 gallons a minute. The waterworks

include an elevated tank, one and one-quarter miles of mains,
18 fire hydrants, and about 80 taps. Approximately 400 people,
or one-third of the population, use the water, an ,a verage of
25,000 gallons being consumed daily.

WOODBURY COUNTY.

BY W. J. MILLER AND W. H. NORTON.

TOPOGRAPHY.

Woodbury county may be divided into two topographic
,provinces-the Missouri river bottom, which occupies the western side of the county, and the rugged highland region, which
extends eastward from the Missouri river bottom. The line of
separation between the two is rather sharp, the flat swamp lands
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of the river bottom coming abruptly against the characteristically very rugged hilly region.
The largest stream in the county is-Little Sioux river~ which
flows across the eastern end. West Fork of Little Sioux river
flows across the central portion of the county from north to
south. Both these streams have numerous branches which
grea tly dissect the region.
GEOLOGY.

Of the drift formations, the Kansan and the lo.ess are both
well represented, each extending over the whole county except
along the Missouri river bottom, where both are mostly eroded
away. Olays and soft sandstones of Oretaceous age lie immediately beneath all of the drift, and good exposures may be seen
along Missouri river. As far as known, all the geologic form:a;..
tions of the county lie approximately horizontal.
UNDERGROUND WATER.
SOURCES.

Water is obtained by shallow wells from the alluvium of the
Missouri river bottom and from the loess. Deeper wells strike
the aquifer beneath the Kansan or the Dakota sandstone. A
well at Sioux Oity extends far into the Algonkian.
Except in and about Sioux Oity, most of the wells of the
county are shallow surface· wells, though there are a few deeper
drilled wells. The numerous wells furnish a good supply of
water, which is almost always hard.
In the drift deposits . there la re two water horizons~one in
sand or gravel below, or sometimes within the loess, and tlie
other in sand or gravel belowthe blue Kansan clay. The combined thickness of the Kansan and the loess is much less in
Woodbury county, as a rule, than in the next county to the east
(Ida), and t:p.ese water horizons are proportionately nearer the
surface. The loess appears to range in thickness from nothing to
60 or 70 feet, and most of the wells of the county are .shallow
(20 to 80 feet) dug wells, whose water comes from the loess
itself or from sand or graV'el just below it. Many of these
shallow-well supplies fluctuate according to seasons.
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A much more clearly defined and persistent water horizon
is that of the sand or grayel at the base of the Kansan, although
comparatively few wells are deep enough to reach it, it s depth
ranging from less than 100 feet along stream bottoms to 300
feet in the high land. Locally, water-bearmg sands may be
struck within the blue clay itself.
.
Along the Missouri river bottom many shallow driven wells
are obtained by going from 15 to 45 feet in the alluvial deposits,
in which many sand or gravel layers are charged with water.
The head of water in the wells generally responds to the rise
and fall of water in Missouri river itself.
The "Cretaceous rocks below the drift or alluvial deposits contain some important water-bearing beds, especially in the vicinity of Sioux City. The rocks and soft sandstones yield large
supplies of water in numerous places at depths ranging from
a few feet to 500 feet.
I '

PROVINCES.

I,

Woodbury county may be divided into two underground-water
provinces-the Missouri river bottom, where many shallow
wells derive water from Cretaceous sandstones, and the larger
province east of the river bottom, where water is obtained
largely from the, loess and the Kansan drift and where a few
"deeper wells obtain water from the Cretaceous rocks. No flowing wells have been noted in the county.
SPRINGS.

Many small springs emerge from the loess or the Kansan "
along the main stream courses.

dri~t

CITY AND VILLAGE SUPPLIES.

Sioux City.-Sioux City (population, 47~828) draws its supply
from two groups of wells. The water is pumped by steam and
is distributed under gravity and direct pressure of 110 pounds.
The wells at the Main Street station are 97· in number, comprising 90 driven wells from 90 to 100 feet deep and seven
drilled wells more than 300 feet deep. Those at the Isabella
Street station are 19 in number, one drilled to a depth of 371%
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feet, .and 18 driven to between 75 and 78 feet. The weIll;! yield
a good supply of medium hard water; 1,680,000 gallons are used
daily. There are 58 miles of mains, 325 fire hydrants and 4,500
taps.
The drilled we"ll at the Isabella Street Station has a diameter
of 10 inches. The water heads 24 feet below curb.
Record of stmta in city waterworks' wen, Sioux Oity.
[Based on dr!l1er's log 1

1Thickness 1Depth

I,

II.

Ii

II

Pleistocene:
.
Sandy clay _________________ __ ____ __________________________________________
_
Fine gravel and water ___________________________________________________ _
Oretaceous:
Gray shale or clay _________________ _________ __ __________________________ _
Sandstone, fine-grained, light colored, and water_______________________ _
Sandstone, yellow; with layers of shale_______________________ _
Shale, pink
gray and
and blue
blue ---------------------------------------------------.-________________________________________________ _
Sandstone, coarse _______ ____________________________________________ _
Sandstone, finer , light gray _________________________________ _
Pyrite and lignite _______________________________________________ _
Sandstone, fine, light gray __________________________________________ _
Sandstone, white, fine-grained ______ __________________________ _ _____ _
Sandstone, darker and coarser ___________________________________ _
Sandstone. coarse: limestone fragments ________________________________ _
Sandstone, etc., as above but coarser____________________________ _
Sandstone, very coarse; water __________________________________ _

Feet

J Feet
35

13

85
48

32
36
20

116

11
21

168

67
27
31
2
19
33
11
3
10

80
136
147

285
262

293

295
814
3(7
358

361

371

'T he well of D. A. Magee has a depth of 2,011 feet and a diameter of 6 inches to 1,270 feet; casing, 6 inches to 444 feet and 230
feet of four inch casing, place not reported. The curb is 1,125
feet above sea level and the head at curb. Water beds lie at 65
feet (drift gravel), at 120 feet (yielding 120 gallons a minute),
at 570 feet (heading 12 feet below the curb), at 1.250 feet (flowing 3 gallons a minute), and at 1,480 feet (pre-Cambrian). _ The
discharge is 6 gallons a minute; temperature, 70° F. The well
was completed in 1882 by Marrs & Miller, of Chicago.
The water of the well is strongly mineralized, containing
large amounts, of the sulphates of calcium, magesium, and
sodium, and has been sold for medicinal purposes.
'
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Magee well (Sioux City Waterworks Company) at Sioux City.

IThlckness IDepth
Feet

Feet

~~~v:.n~~~::::::::::::::::::::::::::::::::::::::::=-_-:::=::::::
Shale
_____________ -L. ________________________________________ - - - - - - - - ~:~~st;:i:e whlte ____________________________________________________ _
Sandstone,
No samples ______________________________________________________----------Sandstone, gray _____________________ ________________________________ --___ _
Sand and limestone- ______________________________________________________ _
LImestone, gray ____________________________________________________ _
Sand and limestone ______________________________________________________ -__
LImestone, whIte ___________________________________________________________ _
Sand, light colored ______________________________________________________ _
LImestone, gray _______________________________________________________ _
Shale ______________________________________________________________________ _
LImestone __________________________________________________________________ _
Shale ___________________________________________________________________ _
Limestone ___________________________________________________________ _
Shale ______________________________________________________________________ _
LImestone _____________________________________________ ---_________ ___________ _
Shale, sandy _________________________________________________________________.
No samples ______________________________ _________________________________ _
LImestone _______________________________________________________________________ _
Shale _______________________________________________________________________ _
Shale and limestone _______________________________________________ .------_______ _
Limestone, gray ____________________________________________________________ _
Marl, red; wIth sand _______________________________________ .. __________________ _
Sandstone, porous (SaInt Peter) _____________________________________________ ~ __ _
Sand and marl ______________________________________________________________ _
Marl, sandy _______________________________________________________________ _
Sandstone, micaceous. very hard; crevIce giving water __________________________ _
Sandstone, brown, mIcaceous; and lime, very h'Rrd ______________________________ _
LImestone, light colored ____________________________ ___________________________ _
Sandstone and . lime, very hard ________________________________________________ _

brown:::::::::::::::::--=:::::::::::::::::::::::::::::::::::::
~

~

Record

60

25

64

2
8{

100
155
110
SO
50
85

100
80
20

98

10
12
10
6
6
85
50
70
110
30

60
5

15
25
20

165

380
5
U6

60
85
189

lU

175
275

480

640

570
620
655
755
785
S05
90S
913

925
935
940 '

9{5
9SO
1,030
1,100
1,160
1,190
1,250
1,255
1,270
1,295
1,315
1,{80
1,860
1,865
2,011

01

strata in Magee well (Sioux City Waterworks Company) at
Sioux City.
Cretaceous:
Depth In feet.
Sandstone, light yellow; of fragmental quartz gralns________________
210
Undetermined PaleozoIc:
Dolomite, light yellow-gray; much fiSSile, green shale, In rounded
lu~ps, and some quartz sand, both probably from above__________
530
Sandstone and limestone; mostly quartz sand, grains of moderate
size, imperfectly rounded; also considerable limestone, light yellow-gray, In small fragments, chips of hard crystalline gray dolomite, and shale as above____________________________________________________
MO
Dolomite, gray; i n sand; drillings largely cherL_______________________
645
Dolomite, light buff; In sand, drillings chiefly white pyrlt1ferous
chert ------------_________________
780
Cambrian:
Sandstone, bluish gray, argillaceous, pyritiferous, slightly calcareous; grains micros'c opically fine, subangular, 2 samples ___________ _ 840-855
Sandstone, white; some grains rounded and polished but most ot
them broken _______________________________________________________________ _
~_______________________________________________

970

Dolomite, highly arenaceous; embedded grains rounded, pyritiferous,
and glauconlferous; pyrite In minute nodules ___________________________ _
Sandstone, calciferous, pyrlt1ferous, glauconlferous _______ ~ _________ _
Sandstone, light gray; grains minute, not rounded _____________________ _
Sandstone, gray, calciferous; many rounded grains _____________________ _
Sandstone, medium dark blue-gray, calciferous; grains minute;
glauconlferous ___________________________________________ _______________________ _

1,000
1,010
l,OSO

1,035
1.070
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Record oj st1'ata in Magee well (Sioux Oity Water Works Oompa~~y) at Sioux Oity,
Iowa-Continued.
Sandstone, highly calciferous, gray; minute angular particles of
quarti, highly glauconiferous, with considerable green shale______
1,1110
Pre-Cambrian:
Schist, soft, fin e -gra ined; sp eckled with white and dark green-gray;
so friable tha:t a mlcrosection could IfOt be obtained; when pulverized it Is seen to be composed of quartz and chlorite__________________
1,2M
Schist or gneiss; contains quartz, feldspar, white and pink feldspar,
black ferromagnesian mica; and a translucent lLPple-green mineral,
pro bably chlor! te; 2 samples, ________________________ ____'____________________1, 829-1, 850
~

Schists or gneisses, gray, brown, and black; micaCeOUs, usually with
biotite; much hornblende, 32 samples; at 1,860-1,86,5 samples are
chiefly feldspar and quartz _______________________________________________l,727-2,000

, The well of the Sioux City Brewing Company has a depth of
215 feet.
Record Of strata in well of Siott4! Oity

Oompany.

Br~wing

I

Thickness
Feet

OIay, brown. difficultly fri able ______________________________________________ _
dark drab;
carbonaceous
inclusions from 80 to 66 feet; . minutely quart,_
Shale,
zose from
66 to 98
feet ________________________________________________
No record ____________________________________________________________________ _
seldom ____________
exceeding 0.4
millimeter in di·_
Sandstone,
yellow; grains little rounded, _________
ameter __________________________________
___________________
Sandstone, as above, but coarser; largest grains 1 rom. in diameter__________ _
Shale, drab, ca~careous-------------------------------------------- __________ _

i Depth
Feet

so

so

68
6

98

11M

21
15
76

125
140
215

Minor supplies.-The following table summarizes the smaller
supplies of Woodbury county:
Village suppUes in WOOdbury Oounty.
6.

Oity or
town

[

13

2l
.,

~

~

." .

"
.S

';:;'

..0

~Q.

13

'"

A

'cc"
'0

"''''

Z

"'~
:G
"'"

"'"

<IJ

"''''
13"
o;;l

]

p..

I=l

~

"'"''"

..'"

'~"

~

"13'"

'OJ

.,

. "

""

.:!?

';;l'""

6.
13

;;l .
e
'0
'"
...
'"
""
:S
., " "... "
'"
~
~
..
...."
'" ~ 8'" . p..'" ~~
0

0

::::0

1,000

Anthon
Oorrec·
tlon·
ville.
Moville
Sloan

98·foot
well.
IS-foot
well .

- 32·foot
well.
-- 13endriv·,

wells. '

I '0...
"
.-""'-...'"

"",

!S'"

"''''

00

;

;.;

'"

C1

gallons
Ibs. Ibs. MfI~s
Gasoline Gravity ------ ------ ------ ---- ---- ---- -------- Good sup· Hard.
ply.do __
engine.
____
45
100
ElectrIc -- do
11 20 '50 350 75-90
Do.
motor;
duplex
pump,
42 -----Gasoline
do
Medium
II ---- 51 420 15.3 FaIrly
good
engIne
hard.
supply.
Steam
do -- ----- 12
11 8 ---- ---- ------- Good sup· Hard.
ply.
pump.

lFor fire use only.

--

---

--
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WELL D'ATA.

The f·ollowiJtg table gives data of typical wells in Woodbury
county:
Typical

wens

of Woodbury County.
.>:

":::

Owner

::l

E
::l

A

A

Location

""'"

H. Dolan _______ 5 miles northeast of
Smithland.
Oscar Button ___ 1~ miles north Smith·
land.
Town ____________ Anthon ___________

Henry Heln ______ •

B Delmater _____

miles northwest
Correctionv!lle.

Ii

miles southwest
Correctionv!lle.
southeast
Hans Laban ____ 4 miles
Correctionville.

""'"

6.
~

i1>
0

'0

"...'"
:>-

",

0,,"

rn

120 __________ do ___ _
98 ______

Gravel and,
sand.

400

850+ Sandstone_

387

502 ____ do ____

285

240 ____ do ____

155 ____ do ___ _
3711 136 Coarse
sand.
Chicago, St. Paul •. ___ do ________ .____ . 12-75 ______ GraveL __ _
Minneapolis and
Omaha R.B,shoJl'
Packing ____ do

855

170 Sandstone_

Logan Park Cem· 3 miles north of post· 120
etery.
office, Sioux Oity_

!f0 ____ do ___ _

80 Shale ____ _
Macx Dreyfus ___ 4 miles east of post·
office, Sioux City.
Harriford Produce Sioux City __________ _ 120 _____ GraveL ___ _
Co.

Town __ _______ Sloan _______________ .

",'"

",:>

~"

Feet Feet Sand _____._ Feet
24 -----147· No rock.

Margeson ___ 7 miles west Moville__
City ______________ Sioux City ____ _____ _ 175

Cudahy
Co.

' Remarks:
(Logs given in feet)

Q)
.0
'0.0

.70

Do.

20 Gas engine pump.

Black
soil, 4; yellow clay and
some gravel, 20; gravel
and water, 20; bluish
black clay, 00; gravel,
sand, lignite, and water,
34; no rock.
.
200 Yellow clay (gravel to·
ward bottom), 85; blue
clay, 250; gravel and
water, 25; blue clay, 30;
sand and shale, 112; gand·
stone (hard and white)
and water, 8.
200

210 Yellow ' clay with gravel at
bottom, 40; blue clay, 200;

shale,
sandstone
water, 45.

and

95

Well not now used but w!ll
be cleaned and used
again.
28 3 wells driven along river
bottom. F!IIing, 12; black
soil, 3l; blue clay and
yellowish sandy clay, 88;
gravel and water 00·22,
blue clay, no rock.
19 Air lift. Gravel, 30-40; light
colored clay; white sand·
stone, 170; shale or clay,
202; sandstone, 205; white
chalk rock, 300; sand·
stone (water), 825; light
colored shale. 350; s·b ale.
24

355.
60 Black soil and water, 40;
blue clay, 47; sand and
water, 8; yellow clay. 25;

sandstone (soft), and
water , 10; blue clay .
engine. Feed yard.

80 G as

00 Steam pump. Cold storage.

AlIJuvium, 85; tine sand,
15; blue clay , 6; ~ fine
gravel, 14; hard blue clay,
4; coarse gravel, 2; clay
and gravel alternating
(water in last gravel
layer), 44; no rock.
80 ______ Sand ______ 5-10 Driven; steam pump. No
rQck.

I.
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CHAPTER XV.
UNDERGROUND WATERS OF THE SOUTHWEST DISTRICT.
INTRODUCTION.

BY W. H. NORTON.

The southwest district includes >
eleven counties-Adams,·
Audubon, Cass, Fremont, Harrison, Mills, Montgomery, Page,
Pottawattamie, Shelby ap.d Taylor. Over the northern counties
the Cretaceous deposits lie immediately below the drift; over
the remaining counties the drift is underlain by the Missouri
stage of the Pennsylvanian series. At Atlantic the Pennsylvanian shales, limestones, and sandstones are 725 feet thick and
extend to 300 feet above sea level, where they give place to
highly cherty limestones of the Mississippian series. At Council
Bluffs, however, a distinct upwarp reduces the thickness of the
Pennsylvanian to about 500 feet. At Glenwood the base of the
Pennsylvanian can not lie more than 1,235 feet below the surface; 103 feet below sea level; at Bedford it occurs 1,340 feet
below the surface or 242 feet below sea level; in the section of
the drill hole at Nebraska City, Nebraska, it is placed at 90 feet
below sea level. . (See PI. XVIII.) At Clarinda a drill hole
1,002 feet deep failed to reach it. The map showin!!' the elevation of the base of the Pennsylvanian (fig. 7) indicates a
gentle downwarp whose axis extends from Polk county to
Fremont county. If this interpretation of the data at hand is
correct, the Pennsylvanian series on th.e uplands near the Missouri state line may attain a thickness of about 1,400 feet.

IOWA GEOLOGICAL SURVEY
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miles
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Missouri group

-

-

---

-----------

----

-------... - - - -

---------------- - ---

Des Moines group

------ -----

- - - - -- - - -

--

----- -

----- -

----- ---- ------

Mississippian

------ - - -- - --- ----

----

.....

_-

------- -------- Devonian (?)
------- ------ ----------

-------

---- --

Silurian
900

GEOLOGIC SECTION BETWEEN BEDFORD AND GLENWOOD , IOWA
By W. H. Norton-
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Of the Paleozoic terranes underlying the Pennsylvanian
series very litt~e has been disclosed by deep wells. At Bedford
the Mississippian series appears to be at least 300 feet thick,
not including a basal shale which is probably Kinderhook but
which may be Devonian. Below the shale are . about 200 feet
. of argillaceous limestones, red or pink in the lower portion,
which rest on water-bearing dolomites and anhydrite marls
that continue to a depth of at least 2,400 feet from the surface.
Like the gypseous beds of eastern Iowa, they are referred to '
the Silurian. At GlJnwood the succession is similar. Below
the sandstone at the base 'of the Pennsylvanian lie the cherty
limestones and basal shales of the Mississippian, resting on
water-bearing dolomites. At Dunlap, on the north line of this '
area, a deep well reached, the Mississippian at 569 feet above
sea level, and at 416 feet below sea level a calciferous sandstone 'o r arenaceous dolomite which may be referred either to
the Saint Peter ,or to some lower terrane. The presence at 194
feet below sea level of a green shale resembling the green shales
of the Platteville favors the latter reference; but the fact that
the dolomite inte'r vening between the. shale and the supposed Saint Peter is n~tarenaceous lends some countenance to
the former hypothesis.
At Lincoln, Nebraska, the State well, 2,463 feet deep, left the
Pennsylvanian at 40 feet above sea level and entered the Saint
Peter at 827 feet below sea level, the intervening strata being
largely magnesian limestones. The southwest strike of the
Saint Peter mapped for southwestern Iowa (PI. I) thus appears to continue into Nebraska. On the other hand, there is
in south-central Iowa a south-southwest strike of the Saint
Pet,e r into Missouri. III the deep well at Forest City, Missouri,
the Pennsylvanian extends to 760 feet below sea level and the
base of the shales referred to the basal shales 'of the Mississippian in the Nebraska City section lies at 1,181 feet below sea
level, according to the interpretation of the Missouri geOlogists.
The Paleozoic terranes reach their greatest knoWn depths in
territory adjacent to southwestern Iowa.

t
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All of the facts at hand support the theory graphically shown
in Plate I that the deeper Paleozoic strata of southwestern Iowa
form a trough whose axis extends southwestward from , Des
Moines. Just where the axis of the trough crosses the southern
boundary of the state is unknown. The fact· ,that the base of
the Mississippian is lower at Bedford than , at Nebraska City
leads to the inference that the axis may lie as far east as Page
or Taylor county. The great thickness of the Silurian at Bedford leads to the same conclusion. If at Bedf'o,r d the distance
from the b~se of the Mississippian to the"Saint Peter is ~s great
as at Nebraska City, the Saint Peter 'w;ould be reacherl at Bedford at about 2,000 feet below sea level. The hypothetic contours of the summit -of the Saint Peter in southwest and southcentral Iowa have been drawn by spacing the rise of the Saint
Peter from its assumed depth at Bedford ' to Nebraska City,
Dunlap, Des Moines, Pella, and Centerville, assuming some increase in steepness toward the southwest.
The water-bearing beds of the drift and 'of the Cretaceous are
described in the reports of the individual counties of this district.
'T he sandstone at the base of the ,Pennsylvanian series will
afford moderate supplies of water which in the deeper valleys
may rise near the surface. The Mississippian limestones supply
moderate quantities of water at Council Bluffs, Logan, and probably at Woodbine, where they lie from 600 to 900 feet below
the valley levels.
The magnesian limestones referred to the Silurian yield
copious supplies of heavily mineralized water. At Glenwood
the water is used for city supply; at Bedford it is not fit to
drink. The quality of the water is probably best in the northern counties of the 'a rea, where the strata stand the highest. ,
At Nebraska City there is a large flow of fresh water from the
dolomites underlying the Kinderhook; at Council Bluffs dolon;cites referred to the Silurian yield copiously, and these and
subjacent dolomites should afford generous supplies for scores '
of miles up the Missouri valley and the valleys of its tributaries. Water may possibly be found in the Saint Peter (PI. I),
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but the depth to this formation is great-over most of the district too great for profitable drilling-the casing out of the
mineralized waters of the Carboniferous is difficult, the quality
of the water of the Saint Peter is uncertain, and on the uplands
the head of the water would b~ low. In the northern tier of
counties the Silurian and Ordovican water beds are within a
not excessive distance of the surface-. At Logan, for example,
whose elevation is 1,033 feet above sea level at the illinois C.entral Railroad station, the Saint Peter should be found about
1)650 feet below the surface or about 650 feet below sea level.
A well 2,250 feet deep would thoroughly test the capacities of
the chief water beds associated with the Saint Peter. Water
may be expected here in heavy arenaceous dolomites probably
of O!dovician age. The capacity of the present well at Logan,
which draws its supply from the Mississippian series, would no
doubt be greatly increased if it were- deepened to reach the hori~ons which furnish the main supplies at Council Bluffs. At
Harlan the Saint PeteT is estimated at about 1,900 feet from
the surface and the required depth for a deep well would range
from 2,000 to 2,500 feet At Audubon the Saint Peter will probably be' found about 2,000 feet below the surface.
Information of great value in interpreting the geology of
southwestern Iowa is, afforded by a drill hole sunk in 1911 and
1912 in search for oil and gas at Nebraska City, Nebraska, by
Ingersoll Brothers, of Pittsburgh, Pennsylvania. 'T hrough the
efiorts IOf Dr. George L. Smith, of Shenandoah, Iowa, who has
long studied the geologic problems of this section of the state,
a log made out with special care was secured and a number of
samples of the drillings were submitted for examination.

-
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DriUer's Jog of boring a.t Nebraska City, Nebraska.

I

Thickness

Soil ______________________________________________________ ---------------------------Limestone _____________________________~-------- - -------------------- --- --~---------Shale ______ '_______________________________________________ ------------- ------------Limestone __________________________________________________________________________ _
Shale,
red ________
.---------------------------------------------___________
________ _
Shale, blue
______________________________________________________
------------------Shale, red _____ ________ _______________________________________ _------____________ _
Shale, blue ______________________________________________________ ------------------Limestone __________________-___________ ________________________ ------------------Shale, blue _____ ______ _____________________ _______ _______________ ------------------Red rock ___________________________________________ -_ -___ -- ---- -- -- ---- -_______ -- ---Sandstone _______________ _______________________________________ --------~--------- __
Shale, blue ______________________________________________________ ------------------Limestone ______________________________________________________ ---_________________ _
Shale, black ______________________________________________________----------------Limestone, blue ,_________________________________ ____________________ --- ____________ _
Limestone, whtte ______________________________________________________ -----------Limestone, blue ____________________________________________________________________ _
Shale, black, wtth oU _____________________________________________________________ _
Limestone, white __________________________________________________________________ _
Shale, blue ______________________________________________________ ----------------Limestone, white ______________________________________________________ -----------Shale, blue ______________________________________________________ ----------------Limestone ______________________________________________________ -------------------Shale, blue ______________________________________________________ ---------------__
Shale, black ____________________________________________________________________ _
Limestone _____________________________________________________ __ ____-" ___________ _
Sandstone with mineraI water, artesian _________________________________________ _
Shale, blue ______________________________________________________ -------____________
Limestone, white __________________________________________________________________ _
Red rock _____________________________________ _________________ ------ ------------Shale, black ______________________________________________________ ----------------Limestone ______________________________________________________ --------------Shale, blue _____ __ ______ ______________________ ________ ______________________ ________ _
Sandstone, with artesian mineraI water ________________________________________ _
Shale, black _____________________ __ ________________________________________________ _
Limestone, white _______________________________________________________________ _
Red rock _______ ___________ ___________________________ ____ _ __ ___________ ___
Limestone, bottom sandy , with water ___________________________ ______ __________ _
Shale, blue ________________________________________________________________________ _
Limestone, white ____________________________________________________________ _
Shale and limestone ______________________________________ ________ ______________ _
Shale _________________________________________________________________________ _
Limy shale _________________________________________________________________________ _
Limestone ____________________________________
__ : ______________ _
Shale, black ______________________________________________________________________ _
Sandstone. limy ________________________________________________________________ _
Limestone __________________________________________________________________ _
Limestone. blue ______________________________ ____ __________________________ _
Shale, limy _____________________________________________________________________ _
Sandstone, very hard ____________________________________________________________ _
Limestone _______________________________________________________________ :
Sandstone ________________________________________________________________________ _
Limestone, nry hard __________________________________________________________ _
Shale _______ ___________________________________________ ____________________ _
Limestone ______________________ ___________________________ ______________________ _
Shale, blue ___________________________________________________________________ _
Wan ting ________________________________________________________________________ _
Limestone, blue __________________________________________________________________ _
Shale, blue _______________________________________ __ ________________________ _
Shale, black _____________________________________________________________________ _
Limestone, White _____________________________________________________ ____ _
Shale, red _______________________________________________________________ _
Rock, hard, fllnty __ ____________________________________________________________ _
Soapstone, white ______________________________________________________________ _
Sandstone, wbite; with big flow of water, saline between 1,040 and 1,050;
passing gradually Into limestone below_______________________________________ _
Limestone,
cherty;
with
several small layers of shale toward bottom, none_
over 2 feet
thlck
___________________________________________________________
Shale, blue; In last 50 feet hard thin shells of pyrite ___________________________ _
Unknown, hole caving badly______________________________________________________ _
Shale, ,white; casing Bet here ___________ __ ______ _____ __________________ ____________ _
~

~

~----_- -- ---------

~

70

~

I Depth

Feet

Feet
4
4
25
2
5
15
5
22
5
32
6
2
73
9
6
5
30
15
2
15
8
45
2
17
2
9
15
35
20
20
3
10
25
15
12
10
40
5
40
2

(

8
33
35
40
55

60
82
87
119
125
127
200
209
215
220
250
265
267
282
290
335
337
354
35(l
365

380
415
435
455

458

468
493

508

520
530
570
575
615
617
677
682
685
690
700
710

60
5
3
5
10
10
15
25
10
25
8
ID
5
5
10
10
20
17
20
25
15
20
60
4
5

940
960
1,020
1,02'
1,029

21

1,050

190
200
20
1 '

1,240
1,440
1,460
1,461

'm5
760
7ro
785
793
813
8lB
823

838
848

868
880
900

926
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D1'illers log of boring at"Nebraska City, Nebraska-Continued,

I

I

Thickness Depth

Sand, whIts __• _______ • __ • ___ • _____• __________________ _
1,485
Sand,
and lime,
flow of fresh ••water
rising within
100._._.
feet __
of
surface
___ ••brown;
____ ••big
__________
__ _______
._•• __
1,513
~
Sand, gray ._. ______ ._. __ • __• ____ •_______________________ _
4
1,517
LIme and sand, whlte ___________________ • ___________________ _
82
1,599
Shale, green and blsck. ____________________ •______ ••__• ________ _
1,605
6
Limestone, sandy, whlte ___-" ________________________ • ___________ _
65
1,670
Shale, green,blue _. ___________ '-____ • __________ • ______ • ______ _
1,675
5
LImestone, brown; show black shal8. _________ • ___ ._._.__ ••___ • __ • ____ _
1,688
13
LImestone, brown; turnIng to whlte ______•• ______ • ___ • _____ ._. _______ ._
1,726
SS
LImestone, but!, sandy_______ •___________________________ ._. ______ • __
1,761
35
Sandstone, whIte, hard, sharp_____________ • ______ •• ______ ____ • ___• __ _
1,817
56
LImestone, whIte _. ______ •__ •________ ••____________________________ _
1,822
5
LImestone, brown _________________________• ________ • ___________ _
1,852
80
. LImestone, whIte _. ____ ._ •• _••• __ •____• ___ •__ ._•••• _ ••• __ ••• ___ • _______ _
2,005
158
LImestone, whIte, sandy ____________• ___ ••• _._ •• ________________ _
24
2,029
Shale, black __• ________________ • __________________• ______ ••• _
2
2,031
Limestone', white, sandy • __________• __________ •• _______._. __ ._._._
2,087
6
LImestone, white • ______• _____________• __ • ____________ •••
2,043
6
Limestone, blue, whIte, sandy_________ • __• __ ••• _____ •• __• __• ________•• ___ _
17
2,060
Limestone, whIte ____ •• ___ ._._••• ___________ •••______• _____________ _
42
2,102
Limestone, dark, and shale__________• _____________• ______ •• ________ _
2,161
59
Limestone, shaly, dark; showed some sancL ___________________ ....
118
2,274
Limestone, but!; showed some mlneraL ____ • ______ ~ ______ • __._•• ____ _
2,809
35 '
Limestone" blue, harcL._______ •________•• __ • ___ ._._••• ___• _____ _
SS
2,847
Limestone, brown, very halcL __ •• ____• ___ • ____._.__ • __ ••• ____ • _______ _
2,865
18
Limestone, whits • _____ • ______• _______ ••____ • ___________ • _____ _
187
2,502
Limestone , blue, white, sandy! drills into chips and cuts steel badly_____ • __ •
22
2,5U
LImestone, white, sandy, medIum harcL _____ .:.. ____• __• __________ ._•• __ ._._
20
2,5"
Limestone, white ___________• __• ___.... _____ • ___ • _______• ______• ______ _
2,5M
10
Limestone, blue-white and darker, hard __ • ___• _____•••••• ________________ _
13
2,567
Limestone, blue-white, sandy _______________ •___• __._••• __• ____ •• _._._.
18
2,580
Limestone, black, hard ____________• ___ • ____________ • ___ ._._____• ____• __
2,583
8
Limestone, dark, very sandy. ___________••••• __• ________________ ._._
22
2,605
Limestone, dark ____••______• ____ •• _______• _____ •••__________ ___ •• _
14
2,619
Limestone, brown, sandy _________________ • ___________ • ___________________••
2,668
Shale,
black;
alternating
with
limestone
shells;
wet
sample
gives
odor
of
petroleum ___________________________••_____ • ________ • ____ .___________
2'
2,687
Limestone, brown, very harcL ____ • ___________• ___ ••__• ____________ .___
15
2,702
Limestone, gray, sandy, very harcL __ • ____________._•• ___________._.___
17
2,719
Limestone, blue, very hard _________________._••___• ___-. __________._._
' 7
2,728
Limestone, brown, very hard ___________________________• __________._________
25
2,761
Limestone, blue-whIte, hard ___________________________ ••__ • _______ .__
S
2,7M
Shale, black and blue; with sl)ells, alternating hard and soft, fosslUferous ___ • ______ • ___• __
~

.~

~.

"

Description of strata of boring at Nebraska City, Nebraska,
Thickness, l Depth
O
~~a~rb~o~nTI~f~er~o~u=s~:---------------------------------------------------,
Pennsylvanian
'feet thick; top, 930
above
sea level)Feet
No samples (1,020
________________________
• __feet
• __ ._.
____________
• __________ ••
1,020 Feet
1,020
Mississippian (420 feet thick; top 90 feet below sea level)Ohert, white, sparingly pyrltlferous; In large fragments; 1 fragment of
nonmagneslan, light gray-brown, line crystalline-granular, compact
Jlmestone, and 1 diorite pebble from drift; 1 sample_________________
220
1,240
Shale, light blue, plastic, argfJIaceous; somewbat calcareous, lIoegrained, massive; some fragments of Jlght blue, IInely arenaceous
200
laminated shale, laminae ~ inch thick_____________________________
1,440
Devonian and Silurian (720 feet thick; top, 510 feet below sea level):
In
lIoe
yellow
powder,
crystalline
grains;
very
small
admixture
Dolomite;
of minute grains of quartz ______________________________________________ •
20
1,460
Limestone, magnesian; or dolomite; et!ervescence moderately slow; but! In
mass, In line sand and powder; some minute quartz grains; 4' samples__
85
Dolomite, light brown; in lIoe sand; a little chert, at __________________________________ _ 1,495
1,500
magnesian;
or sand,
dolomite;
dark but!; •moderately
slow et!ervesLimestone,
crystalUne
at _______________
___________________
• ____ • __ • __________ _ 1,515
cence; In lIoe
Limestone, magnesian; or dolomite; as above; 1 sample __________________ _
1,540
Shale, bard, light blue-green, and darker, blue-gray; slfghtlry calcareous, at __ • ___ _ _ 1,665
Limestone; In Jlght but! powder, rather brisk effervescence; with minute
grains of quartz and cryptocrystalline silica; 3 samples, at. _______________________ _ 1,770
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Description oj strata oj boring at Nebraska Oity, Nebraska-Continued.

IThickness IDepth
Feet
Feet
Limestone,ma gnesian ; or dolomite; light buff; in sand; effervescence rapid
at first, then slow; more or less residue of irregular and broken minute
grains of quartz and cryptocrystallin e silica; 3 samples, at _________________________ _ 1,840
Dolomite, light buff, cream color, and whitish; in fine crystalllne sand;
residue of minute, irregular grains of quartz and flakes of crytocrystalline sllica; in some samples large residue of cryptocrystalline silica; 1
sample cavities
containsdrusy;
fragments
of hard,
granular-crystalline vesicular dolo-_
mite;
8 samples
________________________________________
27
2,012
Dolomite,
light
buff
and
light
brown,
in
sand and powder; bllthly cherty_
below 2,060; 7 samples__________ __________________________________________
2,160
130
Orodoviclan:
Maquoketa shale (lH feet thick; top, 1,230 feet below sea level)~

GBI!~ J~::::;:r:e (485-ieei-iiiick;-iop:-i:S44-1eet-j)eioW--sea-ieveii.::----------

114

Limestone, Iight gray and whitish, minutely granular-crystalline; oxidized on surface to buff; rather slow effervescence; contains minute
cubes of pyrite' and some gray chert, in chips; also limestone_ soft.
buff, 'minutely crystalline-granular; rather rapid effervescence at first ·
immersion, but crystalline grains attacked rather slowly; considerable
blue-gray fllnt in fine sand; fragment of pygidium of trilobite noted
on one chip of same; much shale (2,274 feet) caving from above;
hard, fissile, noncalcareous, nonarenaceous,
nonglaucon-_
blue-green,
Iferous ___________________________________
" ________________________
35
Ohert, blue-gray, mottled, and light buff; in small chips; a little soft
crystalline-granular limestone, buff, of rather rapid effervescence;
some hard green and gray flssile shale and pyrite _____________________ _
DolOmite, light gray, highly cherty, pyritiferous; some minute irregular grains of quartz; in fine sand, aL _______________________________________ _
43
No samples ' ___________________________________________________________ •
Dolomite, light buff, crystalline, granul:ar, vesicular; in places cherty:
Tn tine sparkling sand: 5 samples ___ ______________ _______________ _
159
Dolomite,
and gray,
cherty; _________
a little ______
hard __fissile
greenish shale,•
somewhatbuff
calcareous;
2 samples
______________________
51
No samples __________________________________________ _____________._______ •
45
Dolomite, buff, Impure, considerable microscopic siliceous and argillaceous
residue_
by driller as "alternating layers of lime
and dark
shale")(Described
______________________________________________
• __ _
24
Dolomite, dark buff, crystalline, granular; in sand; 3 samples _________ _
46
Limestone, mottled buff and gray, compact; rapid effervescence; PYrf64
tiferous; 2 samples -------------------------------:---------------------Decorah shale (top, 1,824 feet below sea level)Shale, dark green, hard , flssile , fossiliferous; Stictoporella angularis
and DaImanella subaequata var. minneapolis, identified by Ulrich_

2,809
2,818
2,322
2,865

2,5'24
2,575

2,620
2,15«

2,690
2,754

On March 25, 1912, the drillers reported that after passing
thDough 29 feet of the Decorah shale the drill entered at 2,783
feet' from the surface a white sandstone 64 feet thick, evidently
the Saint Peter. The Platteville liD;lestone unexpectedly is
absent. The summit of the Saint Peter here lies at 1,853 feet
below sea lev,e t The Saint Peter was found to be underlain
. by red rock and shale 22 feet thick, and this in turn rested upon
sandstone. The Saint Peter and the strata below it ,were found
to be dry.
Analysis of driHings from 1,9813 to 1,993 feet. a

r~8:~~~;~~~~i~;~~;~~~~~~~;~;~~~~~;~~~~;~~~~;-;-;-~~;-~~~~~~~~~~~;-~~~~~~~~~~~~~ :r~
99 .98

"Made in chemical laboratory of Cornel! College, Iowa, unde r direction of Dr.
Nicholas Knight.
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Omitting the silica, which occurs largely as che'r t, it will be
noted that the percentages ·of magnesium carbonate and calcium carbonate are respectively 42.5 and 54.6, or nearly those
of these constituents in dolomite.
The first 1,020 feet of the boring is clearly Pennsylvanian.
The age of the large body of limestone between 1,020 and 1,240
. is of special importance. In reamings there was found a fossil
identified by the late Dr. Samuel Calvin as a thick, short-hinged
Vlariety of Spiriferina, kentuckiensis, a species most common in
the Pennsylvanian, but not unknown in the Mississippian. Ref,erence of the bed to the Mississippian is favored by the occurrence
of entirely ·similar thick cherty limestones at about .the same
hori~on at Bedford and Glenwood. At Nebraska City they
underlie the shales of the Des Moines stage and are with little
doubt the westward extension of the cherty limestones of the
Mississippian of southeastern Iowa. The absence of any body
of cherty limestone of like thickness in the Missouri stage in
Iowa makes for the same reference. Assuming, then, that the
limestone in question is Mississippian, it will be noted that the
Pennsylvanian section at Nebraska City is almost wholly of
the Missouri stage, the Des Moines stage having thinned to a
few feet of shale at base. ' The same assumption gives the summit of the Mississippian at Nebraska City as 90 feet below s'ea
level, practically the same as at Glenwood, and 150 feet higher
than at Bedford. The base of the Coal Measures at Lincoln,
Nebraska, is about 100 feet higher than at Nebraska City. Apparently then the floor of the Coal Measures lies nearly horizontalover this area with the axis of the slight syncline lying
between Bedford and Missouri river.
.
On the other hand, Dr. George L. Smith, of Shenandoah, Iowa,
who has given much study to the Missouri stage of southwestern Iowa, finds a considerable dip southward along Missouri
river, a dip of at least 400 feet from the railway bridge at
Plattsmouth to Nebraska City, and largely on this account he
is convinced that the limestone in question is the Bethany limestone.
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Beginning at 1,240 feet the drill passed through 200 feet of'
shale; This is correlated with the 130 feet ,of shale immediately beneath the Mississippian limestone at Glenwood and
with a much thinner shale at the same horizon at Bedford. It
may be referred to the Kinderhook, but in part may be Devonian. On the other hand, if the cherty limestone loverlying the
shale is the Bethany limestone, this shale represents the Des,
Moines stage. Unfortunately no succession of !Samples of th~
~hales were saved, so that their lithologic affinities are unknown. When the well had reached a depth of 1,330 feet, the
driller described thiSi shale as light blue and states that "in
places it gets sandy and hard, hut is practically one "body of
shale so far as we have gone." At 1,385 feet the same description, practically, is given. There is no evidence of the alternations in color which are common in the Des Moines.
From 1,440 to 2,160 feet the drill continued in magnesian limestones and dolomites. This body of limestone, 720 feet thick,
nowhere so far as the drillings are in evidence carries gypsum
or anhydrite as at Bedford and Glenwood. At 1,460 feet a
parting of one foot of shale is recorded and at 1,665 another
parting less than 10 feet in thickness.
This body of limestone is assigned to the Devonian and
Silurian without any attempt to draw a division line between
them. The ,b ase also of the Silurian is in doubt, for the reference of the strata between 2,160 and 2,274 feet to th~ Maquoketa shale rests only on the statement of the driller's log, reporting here "alternating limestone and shale." From 2,274
to 2,754 feet extends an unbroken body of limestone and dolomite, which may be assigned to the Galena dolomite, since it
overlies a shale which extendSi from 2,754 to 2,783 feet, and
which contains fossils proving it to be the Decorah. In the
Decorah shale, at 1,824 feet below sea level, a definite and cer, tain geologic datum is evident.
As the drill hole was sunk as an oil prospect no quantitative
or qualitative tests were made of the' waters found at different
horizons. To 400 feet the hole was dry. From the Pennsylvanian water-bearing ,?eds were reported from 400 to 415 feet,
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from 508 to 520 feet, and at 615 feet. Small flows occurred
also in the sanie terrane between 615 and 900 feet at intervals
not exceeding 50 feet. A larger flow of salty water was encountered at the summit of the Mississippian at 1,040 feet.
These waters rose slightly abov~ the surface and yielded not
. to exceed two gallons a minute. They are described by Dr.
George L. ~mith as bitter, saline, purgative, and unpotable. At
1,050 feet casing was'placed which shut them out, and all waters
below this depth are said to be fresh. Between 1,461 and 1,480
feet, a flow was reached in the limestones underlying the shale
referred by the writer to the Kinderhook, but which is the apparent equivalent of that at Forest City which the Missouri
geologiSlts have placed with the Devonian. This flow is described 'b y the drillers as "imniense;" at least it was not lowered
by them in their work. 'The temperature is said to have been
colder than spring water; the head was 125 below the surface.
A measurement was kept of the height of the water in the drill
hole, but no changes occurred below 1,480 feet to indicate that
other veins had been reached. Below that level, however, the
bailer brought up water which after going through the ~old water of this flow was still a little warm.
ADAMS COUNTY.

BY HOWARD E. SIMPSON.

TOPOGRAPHY.

Adams county comprises a portion of the old drift plain
which slopes from the crest of the Mississippi-Missouri divide
southwestward toward Missouri river. Though well up on the
slope the plain is maturely dissected and thoroughly drained
by the numerous tributaries of Nodaway river. The larger
streams flow through broad, flat, preglacial valleys which are
carved deeply into the underlying rocks and are partly refilled
by drift and alluvium.
I
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GEOLOGY.

The drift mantles all the country rock to depths of 15 to 150
feet, and is in turn overlain by the loess. Broad strips of
alluvium, consisting of sands, gravels, an~ ~lays overlain with
fine silt, border the larger streams, and sands and gravel :fill
the valleys beneath to a depth in many places of 40 feet.
. In the northwest corner of the county the drift is underlain
by heavy beds of soft, porous, brown sandstone-the Dakota
sandstone of the Cretaceous. Over all the rest of the county
the Dakota is missing and the drift is directly underlain by the
Missouri stage (Carboniferous), which consists chiefly of heavy
beds of hard limestone, alternating with shales and, rarely, a .
· thin seam of coal. Below, these rocks grade into those of the
Des Moines stage. The limestone decr,eases, whereas the shale,
sandstone, and coal increase. The whole has a thickness of
several hundred feet..
.
UNDERGROUND WATERS.
SOURCES.

The alluvial sands and gravels afford a plentiful supply of
water .to inexpensive driven wells ranging in depth from 15 to
· 50 feet. Most of the wells of the county, however, obtain their
wate'r from the drift. Many very shallow wells, 15 to 20 feet
· deep, are scantily supplied by surface waters seeping through
the porous loess, and others reach the sandy layers which lie beneath. The water in all of these wells is scanty and is subject
to pollution from organic matter washed in from the surface.
As the quantity of ground water near the ~urface has decreased as a result of more perfect drainage and the cultivation of the land, it has been found necess1a ry to sink many of the wells
into the sands and gravels which usually lie at the base of the
drift and which furnish good water freely and permanently.
These wells are lined with lS-inch tiling and will probably prove
the best source of supply for upland farms over all the limestone
region. Other wells obtain an ample suppJy in the local sandy
layers above the base of the drift.

1112

UNDERGROUND WATER RESOURCES OF IOWA

The Dakota sandstone yields the best and purest water obtainable in the county. Unfortunately, this soft sandstone underlies the drift only in the northwestern corner of the county,
and in some places it is too thin to furnish water abundantly.
The water is only moderately hard and is free from undesirable
minerals. It makes an excellent domestic and stock water. The
limestones and shales of the Missouri stage underlie the entir!l'
county, but J>ecause of their compact texture they afford only a
scanty supply of hard water, and are penetrated only by wells
which fail to find a suitable supply in the drift. Fortunately;
this failure is rare, for though the limestone beds between shaly
layers in many wells yield a supply of good hard wate'r , several
holes drilled to depths of 200 to 500 feet have been abandoned
because of scantines!) of supply. In such wells waters from the
d:dft may be combined with those from the limestone by puncturing the casing opposite the higher bed~. In the coal-prospect
hole drilled at Carbon heavy water-bearing sandstone was
found at a depth between 700 and 800 feet. The hole was 873
feet deep and, except for 16 feet of drift, was entirely in Pennsylvanian strata. The sandstone lenses, however, lie so deep and
their occurrence is so uncertain that drilling for them is not warranted except where artesian wells are sought.
No flowing wells of importance are reported. A few weak
flows are obtained on low ground, one such being on the farm
of J. Mercer (sec. 28, T. 71 N., R. 33 W.).
SPRINGS.

Several good stock springs flow from margins of Dakota
sandstone on the sides of the Nodaway river valley, typical
ones being found on the farms of Joe Houcks and Peter Curry,
one mile and three miles, respectively, north of Carbon. I: Other
springs from sandy layers of drift 0ccur at different points in
the county, but none are important sources of water supply.
CITY AND VILL'AGE SUPPLIES.

Corning.-Corning (population, 1,702 )has one well, 169 feet
deep, extending 131 feet below the alluvial deposits of East
Nodaway river into the shales and limestone's of the Missouri
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stage. 'The ' well ytelds a scanty supply of hard water and is
unused. A large lopen well sunk on the river bottoms 38 feet
to bedrock is walled with brick laid in mortar. This well is 25
feet in diameter and furnishes the present town supply. . The
water comes in at the bottom from gravels overlying bedrock,
stands at a level varying from 3 to 28 fe'e t below the curb, and '
may be entirely withdrawn by heavy pumping. Two steam
pumps having a capacity of 10,000 gallons each force the water
into an elevated tank, from which it is distributed under gravity
pressure of 60 pounds through five miles of mains to 27 hydrallts and many private taps. Driven wells, ranging in depth
from 30 to 100 feet, are common on the bottoms while most
wells on the slopes and in higher portions of the ~itv are dug
or bored. All these wells ar:e in drift, and many of them draw
from sands immediately overlying bedrock.
Prescott.-Prescott (population, 426) has a small public supply for fire protection. The water is obtained from shallo'w
wells and distributed through a few hundred feet of mains to
three or four hydrants located on the principal street.
Most of the wells at Prescott are bored and lined with tile to
depths ranging from 15 to 40 feet. 'The alluvial andsubloessial
sands furnish the water. On uplands the wells extend to the
deeper drift sheets.
Minor supplies.-At Nodaway 30-foot sand points are common on all ,of the lower lands. Wells on uplands: are bored 50
to 200 feet in drift. Near Oarbon 40-foot points .obtain plenty
of water in the Nodaway bottoms. In Nodaway valley, outlside the alluvial belt, all 50-foot wells find abundant water in
the drift. At Brooks and N evinville wells range in depth from
20 to 70 feet, many being 35 feet deep. Mount Etna gets its
water supply from driven and bored wells ranging in depth
from 16 to 50 feet and averaging 30 feet. A clay overlies the
water-bearing sandstone.
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WELL DATA.

The following table gives data of typical wells
county: .

ill

Adams .

T1IpicaJ wens in Adams Oount1l•
."I

CJ

...

0

Owner

.'l
:l

Location

'"'"

~

.:.

"
'0'"

~
0

Q)

"".."

'"
......
,,<.>

"'{!

0'"

III

Remarks:
(Logs given in feet)

"'<.>

00

I

Feet Feet
Feet
276 150 Sandstone_ 106 Yield g gallons per minute for
(Dakota)
one-half day without lowering.
Drift (Pleistocene). 150; sandstone (Dakota). 40; shales and
limestone (MissourI). 86.
68 ____ do ____ ___ ___ A little water in Dakota sandW.O. Day__ NE.l sec. 2. T. '12 403
stone. none below. Abandoned.
N •• R. 85 W.
Drift (Plelstocell/l). 68; sandstone (Dakota). 6; shale and
limestone (Missouri). 329.
OorDlng ____ River bottolDl __ 1119
38 Limestone_
30 6-inch dr!lled well cased to rock;
(Missouri)
put down for city supply but
.unused on account ot hardness
and scantiness . Alluvium. sand
and gravel (Pleistocene). 38;
shales and limestone (Mis·
sourf) • 131.
Dornmg ---- Ooming
85 GraveL___ 3 to Ohief city supply; diameter. 24
85
28
feet. Soil and loam. 8; gumbo, 8; blue clay. 10; gravel, 12;
limestone.
88 i ____ do ____ _
_ _ _B~roS. River bottoms __
38

J. A. Mason.. NE.l sec 6. T.71
N •• R. 85 W.

AUDUBON COUNTY.
BY O. E. MEINZER.

,
TOPOGRAPHY AND GEOLOGY.

AuduQon county comprises an upland that IS dissected by
several rat4er wide alluviUID::filledvalleys and numerous
ravine~.

The generalized upland section as reported by R. S. Gran'sbury:, driller at Exira, is as follows:
Yellow clay ~ontainlng lime concretions and pebbles . with hardpan and a
UfUe sand near the bottom.
Light blue clay.
Hardpan.
Blue-black clll.Y.
White hardpan.
Yellow hardpan.
Yellow and white cemented sand.
Limestone. shale and sandstone.

'l'he interpretation of this section seems to be as follows:
The yellow clay is loess and weathered Kansan drift; the light
'blue clay is unweathered KansSlu; the blw,··bJack clay is · Neb.,.
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ras~an and the overlying hardpan, Aftonian; the w.hite and
ye1l9w hardpan and subjacent cemented sand are Cretaceous
and the series of limestone, shale and sandstone is Pennsylvanian. The Cretaceous hardpan is said to be between one and
20 feet In thickness, and the cemented sand has about the same
range but averages less than 10 feet. The Cretaceous deposits
have not been found in all parts of the county. Drillers-report
them best developed near the eastern margin and generally
wanting in the vicinity of Audubon and farther north. They
consider them most likely to be reached by wells on the divides
. between the principal drainage lines, which condition indicat~~
that the present streams follow in general the courses ,of the
preglacial strea~s where the Cretaceous was submitted to the
most severe erosion in the period before the drift was deposited. The cemented sand is found at depths of 300 feet and
more .on the highest ground and at correspondingly less depths
on lower ground near the valleys.
UNDERGROUND WATER.
SOURCES.

Water can be obtained from the alluviUm, the drift and associated deposits, the Cretaceous sandstone, and the lower formations. Of the lower formations the Upper Carboniferous
strata are predominantly nonwater-bearing, but their deeper
beds are likely to furnish at least small amounts of water. Still
lower formations yield larger supplies.
Though the Cretaceous sandstone yields more freely than any
of the drift deposits, its water is unde'r little pressure and flows
into the wells at only a moderate rate, and must be lifted a
great distance to be brought to the upland level. Two wells,
r,e ported by E. L. Gransbury as ending in the "ce~ented sand,"
may be cited as typical:
The well of F. Hays, located in sec. 13, T. 79 N., R. 34 W.,
has a depth of 340 feet and a diameter of 3 inches. Its wat~r
bed is 6 feet thick, and its head is 290 f,eet below the Burfa~.
Continuous pumping at the rate .of 3 gallons per minute lowers
, the water level 20 feet. The water is hard and ferruginous.
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The well of George McClain, located in sec. 35, 'T. 79. N., R.
35 W., has a depth of 218 feet and a diameter of 3lh inches. '
Its water bed is 5 £e~t thick, and its head 148 feet below the surface. Pumping at the rate of 6 gallons .a minute lowers the
water level 20 feet.
, Many wells drilled to the Cretaceous on ridges: in this and adjacent counties in years of extreme drought have on the return
of more normal conditions been abandoned on account of difficulties arising from the depth, low head, mineralized water,
and the incrusting of the sand screens. Two-inch tubular
wells are not so successful as wells of larger diameter with independent pumps. In many places lar~er wells can hp. finished
without screens by sand pumping and putting down fine gravel
which tends 'to keep back the sand.
Most of the wells at present in use are of the shallow bored
lind dug types, are located on the lowest ground feasible, ' and
depend on a slow seepa~e from the drift. They are fairly satisfactory except in dry years or where large supplies are required. Much of the difficulty resulting from inadequate yield
could be overcome if, instead of a single hole, a series of holes
were bored. (See page 947.)
,
, ,I n the valleys generous supplies can commonly be obtained by
sinking inexpensive open or driven wells into the stream deposits. This source is utilized largely in settlements located
along streams.
CITY

~ND

VILLAGE SUPPLIEs.

' Audubon.-The city waterworks 'of Audubon (population,
1,928) are at present supplied from 5 shallow wells located in
the creek valley. The principal well is 27 feet in diam€ter and
35 feet deep, and receives its water from sand and grav.el near
the bottom. The well~ :fill within 15 feet of the surface, and
are frequently pumped at the rate of 10,000 gallons an hour ,
for 5 consecutive hours. The water has a large amount of permanent hardness, as is shown by the analysis (p. 202). Boring
was at one time carried to a depth of 95 feet and ended in dark.
blue clay without water. The distributing system comprises
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an elevated tank and about 2 miles of mains, with 125 taps.
The average daily consumption is 30,000 gallons.
Eatira.-The village well atExira (population, 787) is sunk in
the river bottom to a depth of 28 feet, the last 2 feet of which is
in gravel. It is 10 feet in diameter, is cas-ed with brick, and
fills with water within 8 feet of the surface. Approximately
8,000 gallons are used each day, but the well would easily provide several times this amount. When the waterworks were installed, a series of 2-inch wells 'Were driven to the same bed of
grav,el, but were not as satisfactory as the large well used at
present. The waterworks include a standpipe, three-fourths
mile of mains., 10 fire hydrants, and about 35 service connections.
The water is said to be very hard and is used by only a small
portion of the inhabitants.
Kimballton.-The village of Kimballton (population, 271) has
a system of waterworks which draws from a well and includes.
one-fifth mile of mains, 4 hydrants, and 12 taps.

CASS COUNTY.

BY HOWARD E. SIMPSON AND

w.

H. NORTON.

TOPOGRAPHY AND GEOLOGY.

Cass county is near the southwest corner of the state, well
up the western slope of ·the Missouri-Mississippi divide.
Topographically it is a drift plain, sloping gently southwestward, cut in every direction by the channels of minor
streams. Nishnabotna and Nodaway rivers ' flow southwestward across it in wide, deep, preglacial valleys, which they
ha~e cut in the underlying rock and recut in the soft drift
covel'. 'l'he upland slopes to the north and east grade into
gently rolling prairies; those to the south and west show more '
c()mplete dissection and more mature drainage than those on
the eastern side of the divide.

1118

UNDERGROUND WATllJR RESOURCES OF IOWA

,

In the valleys of Nishnabobia and Nodaway rivers the drift
rests ·on Carboniferous strata, here chiefly a series of heavy
shales alternating with thinner beds of hard limestone (Missouri stage). Over a large part of the county the drift rests
on Cretaceous sandstone, known as the Dakota, which rests unconformably on the Carboniferous. On the uplands the drift
has an average thickness of perhaps 200 feet, and consists of
heavy beds of till overlain hy a comparatively thin mantle of
. loess. Heavy deposits of. sand and gravel are found in the
bottoms of the larger valleys.
UNDERGROUNDWATE&
SOURCES.

The water-bearing beds utilized in Cass county are the alluvial sands and gravels, ' loessialsands, drift sands, the Dakota sandstone, and the limestone ,of the Missouri stage.
In few parts of Iowa can so satisfactory suppliesl of water be
obtain~d at so slight cost as in the gravel-filled valleys of the
southwestern part of the state. The sands and gravels that
fill the valley bottoms of Nishnahotna and ~ odaway rivers
and their larger tributaries to depths of 50 to 100 feet afford an
inexhaustible supply of good water at depths ranging from 20 to
100 feet. The water is generally obtained by driving 11,4 -inch
pipe shod with a three-foot point covered. 'Yith No. 60 gauze
mesh. The expense of such a well complete, with pump, is $15
to $25. Rarely is the sand so fine as to fill the point and thus destroy the well. When it' does, the pipe may be drawn, the point
cleaned, and the whole again driven.
On the uplands, especially in the eastern part of the county, where th,e loess is comparatively thin, many shallow wells
obtain water from sands under the loess. In the western part,
where the loess is thicker, many wells do not pass through the
loess, but depend entirely on the slow seepage from this porous clay. Wells in the loess and its underlying sands are very
likely to be contaminated by drainage from the surface.
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In all parts of the county an excellent supply of water may
,be obtained from the gravels, at' the base of the drift at depths
of 100 to 225 feet. The head is relatively low but strong. Many
wells obtain a scant but wholesome supply from seepage and
from local sand layers that lie at different, depths within the
till. Where cultivation and artificial drainage have 10wered the
ground-water level, dug wells have been dug deeper, and bored
wells filled with large tiling or sewer pipe extending down to
lower gravels of the drift are very common. The gravel between the drift sheets also yields water.
The Dakota sa:p.dstone is ,an aquifer .of the first order and
rarely fails to yield excellent water at depths ranging from
150 to 300 feet. .
The limestone of the Missouri stage affords a scant supply
of hard water that is seldom utilized. It is important only on
the slopes ,of the larger valleys, where the Dakota sandstone
has been ,e roded away. It is rarely reached within 250 feet of
the surface.
CITY AND VILLAGE SUPPLIES.

Anit·Q1,. -The public water supply of Anita (population, 1,118)
is obtained from a 207-foot well, which draws excellent ·water
from the Dakota sandstone. It is somewhat hard and is said to
pit the boilers. The water is pumped by gasoline engine into
elevated tanks, from which it is delivered over the entil'le town
under direct pressure of 50 pounds.
Atlantic.-The public supply of Atlantic (popUlation, 4,560)
is owned by the city. It is drawn from 30 drilled and driven
wells, ranging in depth from 52 to 86 feet and in diameter
from four to six inches, located in the "bottoms" of Nishnabotna river. The drilling is done inside a tube, the well being
pumped out and the tube driven a few inches or feet at a time
until it .reaches a suitable aquifer, into which drilling is continued a foot or two to form a co~lecting pocket. A Cook strainer is
pushed to the bottom and · fixed on the end of the driven pipe.
The well,S are connected with T's to air chambers and so connected in groups and series that any individual or group may

1120

UNDERGROUND WATER RESOURCES OF IOWA

be cut off, the caps may be removed, and the sand pumped out
at will. One of the 30 wells never produced at all, and this
well and two others whose casings were broken in cleaning have
been cut off.
The water-bearing bed, a sharp"white sand with some gravel,
lies 50 to 86 feet below"the surface. Above it are many layers
of clay silt alternating with beds of sand and gravel, some of
which are water bearing. Several years ago fifty three-inch
drive points penetrating some of these gravel layers were
utilized, but they were abandoned on account of the insufficiency
of the supply. · The series could be pumped dry in about one
hour.
When not pumped the water in the "present wells ordinarily
stands 13 feet below the surface, but the level. varies with
weather and rainfall. 'T he wells respond within 24 hours to
heavy rainfall or rise of river near by, but the water level lowers much more slowly than it ris'es. Under emergency pumping
the water level has been lowered to 28 feet below the surface.
The water in these wells is distributed" by direct pressure
through 13 miles of mains to 104 fire hydrants' and more than
1,200 taps. Four-fifths of the inhabitants of the city are sup. plied. The daily use is 500,000 gallons; the daily capacity of
the plant is 2,500,000 gallons. The water pumped at night in
excess of that used overflows into a reservoir where it is held
in reserve for emergency. In case of fire the water from this' pond
is forced directly into the mains and the pressure is raised from
80 to 155 pounds. The contamination of the city mains with
stale water from the pond is the unsatisfactory feature of this
otherwise excellent system.
The water has been used in boilers and for manufacturing
purposes by the Chicago, Rock Island & Pacific Railway, the
€lectric light company, laundri,es, canning factori"es, starch factory and others, a,nd, is on the whole, very satisfactory. It precipitates, on standing, a small quantity of the red sediment that
is commonly found in drift-gravel waters, and some firemen find
it helpful to use a small amount of boUer compound.
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A prospect hole, <\rilled in 1888 by Rust Artesian Well Company of Ithaca, New York, for the Atlantic Coal & Mining Company, goes down 1,310 feet. The elevation of the curb above sea
level is 1,150 feet. No record was preserved of water-bearing
beds, as the contract required a dry hole at all times. It is said
that drilling was stopped because the pressure became SIO great
that it caused the casing to collapse. The: hole is situated a
short distan~e east of the railway station.
Samples of the drillings of this boring were placed at the disposal of the Iowa Geological Survey by Seth Dean of Glenwood.
In the following r,ecord of strata determinations those in quotations are supplied by Mr. Dean; those marked with a star are
from the manuscript record of Mr. E. H. Lonsdale.
Record of strata in deep weZZ at Atlantic.

I

Thickness

Pleistocene (no sample) ______________________________________________________
Oarbonlferous:
('725_____________________________________
feet thick: top, 1,026 feet above sea leveJ)Pennsylvanian
"Shale, blue"
_______
"Shale, gravelly" ____________________________________________
"Shale, red and blue, gravelly" ______________________________
"Limestone, gray, sandy" ______________________________ •.. _•• __
"Shale,
and blue,
with soapstone" ._. ____________________ •____ .__
"Shale, red
&Tavelly"
_______________

I

Depth

Feet125? Feet
125?
35
35
5
Hi

160
195
~~

---.----------.------------c.---

ti5
220
225
"Shale llUrple, dark drab and green, tine, unctuous: with pebbles (five
3"
limestone, one vitreous sandstone, one coal) ..___________ .____________
v
260
"Shale, gravelly" ___________________________________ .________
50
310
"Olay, mottled red and blue"________________________• ____ .___
30
"Shale, blue" _______________________________________________
15
"Shale, red and blue, with gravel" ___ "'________________ .____________
5
360
"Shale, blue, with slate"________ ._________________________________
5
365
"Sandstone and shale" ______________________________ •__ ._______
50
U5
"Slate, black; soapstone, blue and green" ______ •___ ._________________
5
420
Rh
ale.
variCOlored,
green
and
reddish;
fissiJ\)
,
practically
noncalcareous
10
"Sandstone" ___________________________________ ._ .• _••_.____
5
"Shale" _. __________ ...________________• __ . ________ •____ . . _._ .. _..•• _
15
450
"Shale and limestone" _______________•. ________________ . _______ ..• __
15
465
"Shale,
green and reddish; fissile, practically noncal.
careous,tvariCOlored,
__________________________________________________________
_______________
_
"Olay and soapstone..________________________ . . _ . _______ .
15
480
"Sandstone" _________ ____________ • _____________._________
25
505
"Shale; blue" __ .:.. _______________________ . ____•• _______
12
517
Shale,
dark gray,
very limestone"
finely laminated,
somewhat calcareous
___ •__.___ .
23
540
"Sandstone,
or sandy
___________________
_________________
10
550
Shale, dark gray _______________________ • ________. ___ . ___ .______
15
565
Shale, dark brown-gray, noncalcareous, arenaceous, pyrltiferous ______ .
20
585
Sandstone, brown, highly ferruginous ______________________________
5
590
"Sandstone" ________________________ • ___________________ . •
10
600
"Shale, sandy" ______________________________ • ___ .. ________ • ____.. _
30
630
"Sandstone, very
_____________ •______ .• _._._ •••______________ . __
30
660
"Shale and slate" ___________________• _______________________ .... _
15
675
Shale, Iron gray tlnely. laminated, noncalcareous _. _________ • ____......
10
685
"Sandstone, white , very tlne .._________________ . ____ • __ • ____ •... ___
10
695
15
710
"Olay, blue, with graveL .••.. _____ . ___. __ . ___ • _____ . __________ ._._...
"Shale, sandy __________ . __________________ . _________ ._ .. _...
15 .
725
'Sandstone _______________ . _______ •. __ •__ ____ • ___ •_______ . __ .. _••••. _._.
5
730
Shale, finely arenaceous, ocherous ; some black __ • ____ •__ • __ .••.. __
10
740
Shale, black, carbonaceous ____ ._._. __ ••__ ._.. __ •• _.• _________ .. __ ._.___
10
750
"Shale, blue, and slate ___ __•___ • __ • __ •___ • ___ ••• __________ .••• _••. __..
10
760
~~

m

~

tlne ~ '

~
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Record oj strata in deep well at Atlantic-Continued.

l

I

Thickness Depth

-Shale, yellow, gravelly _______________________________ _
gray, of finest grain, with much 1?lack shale: samples at 800_
Sandstone,
and 815 _____________________________________________
-Limestone sandy _____________________________ _
*Sandstone, brown ______________________________ _
-Sandstone, gray _______________________________ -.:. ___ _
MIssissippian (420 feet tblck: top, 300 feet above sea leveI)Limestone,
nonmagneslan: white chert constitutes the bulk of_
the samplewhite,
_____________________________________________
Limestone, blue·gray, argillaceous; quartzose residue, wfth large frail"
ments of dark shale; probably from above _______ _______________ _
Limestone, yellow·gray; sample chiefly dark brown runt with some chal·,
cedonlc silica: a very little quartz sand.. _______________________________ _
,Flint,
brown·gray,
calcareous: some ebalcedonlc silica: much shale In_
fragments
____________________________________________
Flint, gray and black chalcedony: drusy quartz: some sbale__________ _
Flint, brown, calcareous: some cbalcedony: a little shale ___________ _
FlInt and cbalcedony: 6 samples; drlllings largely milk-white, translucent cbalcedony, with brown calcareous runt and some IImestone__ _
Limestone, nearly wblte; mucb white cbert; 2 samples________________ _
Chalcedony and runt; drllllngs remalnlng after original wasbing made
UP of cbalcedonlc silica and blue-gray and yellow siliceous fragmente
wbicb effervesce in cold dilute hydrochloriC aeid. but do not disaggregate; pure limestone practically absenL ____________________ _
Shale and flint; shale, blue-gray, somewbat calcareous _______________ _
Limestone,
light (samples
yellow-gray:
wfth silica as above, and some_
fraiments soft,
of sbale:
________________________________
Limestone, brown; much white cbert_______________________________ •
Limestone,
lIghter
drllllngs__________________________________
chlefiy cbert; only finest sand Is_
limestone and
evencolored;
this is sllIceous
Limestone,
light yellow, noarly pure; considerable sbale In small frag-_
ments __________________________________________________________
Limestone; as above; mucb cbal',edony and cberL ___________________ _
Limestone, wblte, cbalky, and light yellow_________ _________________ _
Chert: drillings of cbert and chalcedony; at 1,145 feet a few rounded
&'rain of crystalline quartz and particles of fine-grained sandstone:
4 samples, all of which In mass effervesce freely In acld __________ _
Flint; black, yellow, and red filnt and jasper, with sand of rounded
&'rains of quartz; fragments of limestone, chert, and chalcedony___ _
Limestone, blue-gray, cherty. and arglllaceous _______________ _
Chert, white and brown: some shale In sample_______________ _
Limestone, cberty; gray In mass ___________________________ _
Limestone; siliceous material constitutes one-tenth of sample by weight
Chert
and shale,
buff; ___________
chert efi'ervescent;
shale pink, In fine grains,
but 8l1ihtly
calcareous
___________________________
_
and chalcedony: two-_
Limestone,
highly
arenaceous
and
slliceous:
ebert
flftbs of sample by weight insoluble.. __________________________
Sandstone, highly calciferous: limestone arenaceous: quartz In minute
angular particles; white and yellow-gray: 2 samples __________ _
Devonian
«(0 feet penetrated; top, 120 feet below sea level):
Shale, t fine,
light iray, calcareou8 _________________________________ _
Lllnestone, cream-yellow, rather bard: In angular sand____________ _

Feet

(0

25
5

Feet
800

16

825
830
835
860

86

835

6

76

960

6

965

10
6
6

976
980
986

'5
15

1,030
1,045

SO
6

1,076
1,080

(0
/;

1,120
1,125

/;

1,180

I>
6
6

'1,UO

25

1,170

10
10
10
25

1 ,ISO
1,190
1,200
1,226

1,186 '
1,146

20

l,U6

10

1,266

6

1,260

10

1,270

15
26

1,286
1,810

\ ,
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Griswold.-.:The town of G.riswold (population, 949) is sup'plied from a 200-foot drilled well which draws its water from
- drift within 70 feet of the surface. A standpip'e is used for
storage and the water is distributed through 114 miles of mains
at pressure varying from 35 to 100 pounds . .
Lewis.-The water ,s upply of Lewis (population, 603) is chiefly from wells ranging in depth fr,om 40 to 70 feet. The public
supply is drawn from a dug well seven feet in diameter and 68
feet deep, in which the water stands 50 feet below the surface.
The well ends in sand and gravel overlain for almost the entir,e
depth by clay. The water is distributed from an elevated tank
under direct pres-s ure of 43 pounds through nearly one mile of
mams.
A well drilled on ·a valley slope in 1900 as a pr,ospect for coal
and artesian water passed through seven feet of Dakota sandstone, probably the ,edge on the valley side, and continued down
through Coal Measures to a depth of 562 feet, where it was
abandoned. An excellent spring flows from the sandstone outcrop in the bluffs bordering Nishnabotna river and furnishes
water for drinking and bathing at a summer resort established by
Mr. D. W. Woodward.
Marne.-At Marne (population, 266) domestic wells are sunk
30 to 60 feet to sand layers in the drift. Many of the stock wells,
demanding a larger supply, are sunk to the ,lower gravel layers, about 200 feet. 'T he city well supplies an elevated tank
from which water is distributed by direct pressure of 25 poundl'
for fire, -s treet, and domestic purposes.
.
MalS'sena.-At Massena (population, 490) there are few deep
wells, most ,o f the people relying on bored wells 20 to 60 feet
deep. The city has no other supply than that afforded by open
cisterns and hand pumps.
.

WELL DATA.

, Information in regard to some of the typical wells in Cass
county is presented in the following table: -
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TlIlJica~

wens of Cass C01J,ntll.

,
.!oI

<>

~

0
....

Location

Owner

:S

""
OJ

A

T. 76 N .• R. 86 W.

(Franklin) •
R. R, Bell_____ SW.; sec. 24.._

Feet
189

'0

£
:S

OJ'"

~'a

"""
0"

""

OJ

_A

00"'

Feet

------ Sand

---------

Remarks:
(Logs iiven in feet)

0

Ql
J:J
'CJ:J

"OJ"....

I
Feet I
~"

179 Upper water bed at
40_

1'.76 N., R.87 W.

(Washington) •
W. B. Berry___ NE.i sec 7___ _
W. J. Corelann SE.; sec. 11__ _
JuUus Kirkpat- NE.i see. 10__ _
rlclt
T.7' N., R.87

226 _____ Fine sand ____
150 Very hard water.
150 ______ Drift sand _______ _
180 _________ do ______
130

w..

(pleasant) •
Town of Gm- Griswold ____ _
wold.__________
.
do ____ _
Town

200

70 Valley.
100 "Blue rock" __
70 Dr Itt sand- ________ No water below drift

365

100 No water ______________ In

100

T.71l N., R.86 W.

(Bear Grove):
Sam Deverns __ 6 miles south of
Atlantic.
1'.76 N •• R. 86 W.
(Grove).
F . 0 Schaln__ SE.! aee. 29_.:._
Bert Frost ___ NE .i see. 19 __ _
Polk Byrd ____ NE.; see. 6 ____ _

110 _____ Drift sand ___
218 _______ Sand . _________

150

SO
163

limestone

and

shale.
Good strone well.

124 Sandstone (Da- ________ Drift,

124;
whIte
sandstone, '; red
san d s ton e, 18;
shale, .,.
128 Drift sand and _____ Abundant water In
aand and eraTeI
eravel.
OTer Hme.toue.

kota).

O. V. Wllder__ 5 miles south of
Atlantic.
T. 77 N., B:8Il W.
(Benton).
Thomas Kelly _,
'l'.77N.,R.87W.

128

miles soutbeast of Braydon.

(Briihton) •
L. S. Allen.. ___ NW.; sec. 80__

246 Sandstone (DaI

284

2S3

250 Sandstone (AIIssourl).

324

178 No water - - -

I

r.77 N, B.36 W.

(Pymosa).
Wlnlleld WUbur 7 miles north of
Atlantic.
r.7IlN.,B.MW.
(Massena).
W. S. Shlelds__ NW.; see. 82__ _

kota).
___ do _______

247

220 Strong

water.

well,

eood

1M Limestone (MI.
souri) at 247 teet.
200 Water In crevice of

limestone.

_____ In

Umeatone

(MII-

80ur!).

T.74 N., R.M W.

(VIctoria) .
~ohn Holste __ NE.; sec. 80__ _

240

. 207 ____ •do _______ ------

Do.

1'" 77 N .• B. 34 W.

(Grant).
Town _______ Anita

207

171 Sandstone (Da-

kota).

171 Hilltop; Plelltoeene,
171; Dakota sand·
ltone, 86; lime-

stone (Missouri) at

T.75 N., B. 37 W .

(Oass).
Town ______ -- Lewis

207 feet.

'10 LImestone (Mls- _____ Hillside: Plelstoeene,
sourl).
70; Dakota sandstone. 7; Oarbonlterous. 485. Water
In limestone at 82.
Abandoned because
ot eaTln,.; drlUed
tor coal.
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FREMONT COUNTY.

BY O. E. MEINZER.

TOPOGRAPHY.

Fremont county is divisible into two distinct physiographic
provinces: (1) The uplands, consisting of rugged hills and
ridges separated by innumerable sharp ravines, and (2) the lowlands, consisting of broad valleys with flat, monotonous bottoms
that include nearly one-half of the county's area. Between Missouri river, which forms the west boundary, and the abrupt
margin of the uplands, stretches a flood-plain belt nearly six
miles in average width; and the valleys of both f,orks of the
Nishnabotna are also in most places several miles wide.
GEOLOGY.

The bedrock, composed of alternating strata of shale and
limestone belonging to the Missouri stage (Pennsylvanian), was
.at one time deeply buried under glacial drift which seems to include two distinct till sheets-a lower, dark, dense bowlder clay
(Nebraskan) and an upper yellow and pale blue crumbling
bowlder clay (Kansan). In certain localities beds of sand and
gravel are also found between the two sheets, at the base of the
drift, and perhaps at other horizons. Since its deposition much
of the drift has been removed by erosion, for not ,only were
countless ravines and gullies carved out of this material in the
upland areas, but the wide, deep valleys were also excavated
in it.
Mter weathering and dissection had progressed far, the regi,on
was mantled with yellow homogeneous silt known as loess, which,
according to U dden,t has an average thickness in Mills and Fremont counties of about 60 feet an"d which along the ridge border'Udden, J. A ., Geology of Mills and Fremont counties; Ann. Rept. Geol. Suryey Iowa., vol. 13, 1002, p. 167.
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ing the Missouri valley attains a maximum thickness of 100 to
150 feet. Since the loess was deposited it, too, has been vigorously attacked by stream erosi,on.
In the valleys the rivers have laid down considerable quantities of alluvium, which consists largely of fine silt derived from
the loess, but whic4 includes also beds of sand and gravel, especially at some depth below the ·surface.
UNDERGROUNDWATE&
SOUROES.

In this region much of the drilling into bed~ock has been done
for the purpose of finding coal, and such explorations for water
as were made haV'e generally yielded unfavorable results. · At
Hamburg a hole was drilled into the Missoun strata to a depth
of 180 feet, according to current reports, without finding water,
and there are other indefinite reports of -unsuccessful wells sunk
into the upper part of this series. The deep wells at Glenwood
(see p. 1137) di~covered supplies in formations far below the
surface.
On the lowlands hard but otherwise satisfactory water is obtained without difficulty from beds of alluvial sand and gravel
that lie at very moderate depths and from which the water rises
nearly or quite to the surface. The driven wells, which are here
in common use, are inexpensive and fairly satisfactory, although
some trouble is caused by the incrusting of the screens.
On the uplands supplies are obtained principally from the
seepage ,out of the loess and glacial drift. Water-bearing depqsits of sand and grav~l exist in certain localities but seem to
be too largely wanting to be generally relied upon. The loess
is homogeneous in texture and so constituted that it allows the
water to percolate through it very slowly. Hence, where it is
thick its lower portion is saturated even on hills and ridges
near deep valleys, and if wells are sunk into this saturated zone
they receive a sure though meager seepage supply, the amount
varying with the area of the infiltration surface, which, of course,
depends upon the depth and diameter of the well. The glacial

r
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drift, especially in its upper layers, behaves in a somewhat sim- '
ilar manner, but since it is more heterogeneous in its structure
it is also more diverse in its water-bearing capacity.
An ordinary dug w.ell which extends through loess or drift to
a short distance below the water level will usually furnish enough
water for the small demands of a household, but will seldom supply a windmill continuously, and will frequently prove inadequate for stock farms. The yield can be indefinitely augmented by ,
increasing the number of wells or projecting drifts out from the
bottom of a well, the best method probably being t,o bore with
a well auger a sufficient number ,of holes, perhaps 25 feet apart,
and to connect the latter at the bottom with small pipes piaced
in holes bored with a link auger. (See p. 947.) The difficulty of
obtaining enough water from thes'e: sources for municipal supplies is, illustrated by the experience at Tabor and Sidney, but
the solution here also seems to consist in increasing the infiltration surface.
Throughout the uplands many ravines and valleys have been
cut below ground-water level and hence receive a slow seepage
which gives rise to rivulets and creeks that are extensively utilized for 'stock and domestic supplies. Numerous springs also
issue at the base of the cliff along the east margin of the Missouri valley.
CITY AND VILLAGE SUPPLIES.

Hamburg.-In Hamburg (popUlation, 1,817) the public supply
has in the past been obtained from (1) a huge dug well situated
at the edge of the valley and ,ending in fine sand, and (2) a
spring which issues from the cliff that borders the valley. The
total daily yield from these two sources is reported to be only
about 20,000 gallo~s a day, which has not been enough to meet
the demands. : A :sysMm ''o f two-inch driven wells is to be inshilled at a point farther from the cliff, where the alluvium is
thiCKer and yields more freeiy ~
,
,
, The water is pumped into a large cement reservoir situated
on1h~ loes,s ridge back of the city, 170 feet,above the valley, and
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is thence distributed through two or three miles of mains to 22
fire hydrants and about 110 taps.
Sidney.-In Sidney (population, 1,019), located in the upland
area, several unsuccessful attempts have been made to obtain an
adequate: supply for the public waterworks. There are two dug
wells, one 15 feet in diameter and 55 feet deep, the other six
feet in diameter and 58 feet deep, both ending in a bed of fine
sand and conne.cted at the bottom by a drift . . The nonnaI water
level is said to be 20 to' 25 feet below the surface, but the .wells
fill to a depth of less than 10 feet in 24 hours and together furnish only about 15,000 gallons a day. Two holes were also drilled
to bedrock, at about 200 feet, without finding water except in a
small amount at 80 feet. ·The waterworks include a standpipe and
about two miles of mains with 15 fire hydrants and 40 taps.
Tabor.-Tabor (population, 909) is on the upland nearly 300
feet above the Miss,o uri valley. Its public supply IS taken from
a dug well 12 feet in diameter and 114 feet deep. The first 80
feet appears to consist of loess and the rest of yellow "joint
clay," which is probably drift. ·T he clay in the last two feet is
somewhat sandy. The well receives seepage from all levels
below about 40 feet and will fill within this distance of the
.surface. Its yield has not been definitely ascertaineU, but it is
apparently small, though adequate for present needs. The water
is only moderately hard and is consider,ed otherwise good. The
system of waterworks consists ,of two compression tanks, about
one-half mile of mains, seven fire hydrants, and 31 taps.
Thurman.--':Thurman (population, 336), like Hamburg, is located at the foot of the Misso~ri valley cliff and gets most of
its water supply from the alluvium. The waterworks, which are
owned by a private company, depend on a four-inch well that ·
ends with an eight-foot screen at the depth of 92 feet. The water
riseSi within about 30 feet of the surface and has been pumped
for long periods at the rate of approximately 20 gallons a minute
without noticeable effect. There is less than a mile of mains,
with eight fire hydrants and 12 taps. , . The pressure is obtained
from a storage reservoir on the bluff about 100 feet above the
village. The water is good, though somewhat hard, and it is
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estimated that an average of 7,000 gallons is consumed daily.
The village well has about the same depth as the one that supplies the waterworks, but most of the private wells are driven
to depths of only 15 to 30 feet.
.
HARRISON .COUNTY •

BY O. E. MEINZER AND W. H. NORTON.

TOPOGRAPHY AND GEOLOGY.

A striking contrast to the rugged and tho'r oughly dissected
upland that occupies most of this county is presented by the
broad expanses of flat, swampy lowland formed by the Misis ouri
valley in the western part, and by its largest branches, which
extend diagonally southwestward across the county. This entire region is underlain by Pennsylvanian rocks (Upper Car- boniferous), which consist essentially of a succession of shales
and limestones, aggregating several hundred feet in thickness.
These rocks outcr,op at a few points and have been pierced by
the drill at Logan, Woodbine, and Dunlap. Over an indefinItely
known area, especially in the northeast, they are covered by Cretad:lous sandstone and shale; elsewhere they are overlain directly by glacial drift or alluvial deposits. The drift comprises
two sheets, the dark Nebraskan below and the lighter Kansan
above, separated in some localities by Mtonian gr.avel. On the
weathered surface of the Kansan till rests a thick cover of loesslike clay. In the lowlands the alluvial deposits of clay, sand,
and gravel are extensively developed.
UNDERGROUND WATER.
SOURCES.

Grounld\-water supplies in Harrison county are derived from
alluvial deposits, loess, drift and associated gravels, Cretaceous
rocks, and lower rock formations.
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The deeper formations reached in the publie wells at Logan,
W,oodbine, and Dunlap have a certain value for municipal and
other siUpplies but they are not entirely satisfactory in either
. the quantity or quality of water that they yield. The Pennsylvanian strata, though not to.tally destitute of water-bearing members, are generally so disappointing that it is ·not ·advisable to
penetrate them Unless it is the intention to, drill to the lower
aquifers.
A few wells in this region probably draw water frolll: Cretaceous deposits. In some w~lls shale or "soapstone" was found
below the drift, and beneath the" soapstone" a bed ,of sand or
sandstone saturated with water; other drilled wells have not
passed through shale, but have been finished in sand or sandstone at depths· ranging from a hundred to several hundred feet
-most commonly about 250 feet; still others have entered shale
and limestone of the Pennsylvanian series without finding a
satisfactory water-b~aring bed. The drilled wells are two to
six inches in diameter and are mostly finished with sand screens.
Wells of small diameter ar,e, however, not adapted to the conditions found in the uplands, both because of the limitations in
yield and because of the rapidity with which their screens become incrusted. Cretaoeous wells and other drilled sand wells
should have a diameter ,of four or six inches~
.In the uplands the two principal water horizons above the Cretaceous are at the contact zone between the loess and the Kansan
and in the Aftonian gravel between the two drift sheets. Neither
of these generally supplies water readily enough for drilled
wells, although they furnish a satisfactory yield for bored wells.
The upper of the two beds is characterized by white calcareous
accumulations of, "chalk," ·so commonly found near the bottom
of the weathered zone of the Kansan drift, and alslo by sandy
and gravelly seams that are frequently cemented into a "hardpan. "The water which percolates slowly downward through
. the loess saturates the sandy and gravelly material at this l,evel
and is hindered from descending farther by the impervious unweathered drift. The Aftonian gravel is only vaguely recog-
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nized in wells and, indeed, is reached in few. Where sufficiently
developed it ought to 'furnish more water than any deposit at
a higher level.
In the lowlands generous supplies of hard but otherwise good
water are obtained by means of :i:llexp~nsiv,e . wells, the best type
of which are driven or drilled and end in screens. The most
copious yield is secured from the coarsest materials and these ,
are most common near the bottom of the alluvial filling, but the
amount of dissolved iron is generally greater in this deeper wate'r
than in that near the surface because it is less accessible to the
o~gen of the atmosphere. The water from all parts of the allu- .
vium rises within a few feet of the surface and can be pumped
at small cost by means of suction pumps. Examples of large
supplies obtained from this source are afforaed by the railway
and city wells at Missouri Valley and the railway well at Dunlap.
The wide distribution and great importance of the alluvium as
an aquifer will be realized when it is remembered that the Mis.30uri Valley wells are located on the Missouri bottoms six miles
from the river, and that the Dunlap well is located near the
northeast corner of the county, many miles from where the Boyer
vaney opens into the Missouri.
SUPPLIEs.
Dunlap.-The public supply of Dunlap (population, 1,155) is
obtained from a well 1,535% feet deep, six and one'- fourth inches
in diameter, cased to 400 feet. The curb is 1,151 feet above S€a
level; original and present head, 47 feet below curb. , The tested
capacity is 80 gallons a minute. The well was completed in 1887
by J. P. Miller & Company, of Chicago, and was repaired about
1903 by inserting smaner casing. 'The strata peneJrated are indicated by the following
section:
\
CITY AND VILLAGE

1132

UNDERGROUND WATER RESOURCES OF IOWA
Record, 01 strata in Dunlap city well (Pl. XI, p. 458).

I

Depth

Pleistocene:
UnlmOWD ____________________________________________________ Feet
0-50
Sand _____________________________________________________________________________ 50-70
Gravel; pebbles of northern drift and sand_______________________________________ 70-95
Gravel; pebbles of northern drift, at._______ ________________________________________
150
Oretaceous and Oarbonlferous (Pennsylvanian) (307 feet thick (minimum); top, 926 feet
. above
sea
level):
.
Shale. drab ___________________________________________________
22b
Shale, pink, at _______________________________________________________________
800
Sandstone, grains varying widely In size and Imperfectly rounded, at_________________
892
Shale. dark drab, at_________________________________________________________
400
Shale, black. noncalcareous, at___________________________________________
450
Shale, pink and purplish, at___________________________________________________
480
Oarboniferons (Mississippian) (288 feet thick; top, 619 feet above sea level):
6S2
, Limestone, white. soft, chalky; with gray-green shale at________________________
Llmest~ne , white, hard; of finest grain, at____________________________________
600
Limestone. light yellow,gray, cherty , at 660 and_________________________________
708
Limestone, gray. lInely crystalline; fracture subconcholdal, at_______________________ _
797
Devoni an (?) Silurian and Ordovician (715~ feet penetrated; toP. 331 feet above sea level):
Limestone. magnesian, or dolomite, brown and buff; 3 samples, at 820, 875 and_______
800
Shale. light green-gray. calcareous; 2 samples. at 970 and____________________________
9BO
Limestone , m agnesian, light yellow-gray , and shale, green; an-in concreted powder. at
1,006
Limestone,
argillaceous. yellow; In almost white powder; 8 samples. at 1,020,
1.050 and highly
___________________________________________________________
1,093
Shale, gray-green, calcareous, at__________________________________________ 1,160
Limestone; as at 1,010 feet; 2 samples , at 1,184 and..____________________________ 1,241
Shale, bright green, noncalcareous, at______________________________________________ 1,295
Dolomite, buff, pyrltlferous, slightly arenaceous, at___________________________ 1,875
Dolomite, huff; much chert carrying dlssem.lnated crystals of pyrite; a few grains of
limpid quartz, some of which Bre rounded; B little chalcedonlc silica, at____________ 1,400
Dolomite, highly arenaceous; or calciferous sandstone; grains varying In size, many
coarse, imperfectly rounded. 8,t ________ __ ___ ___ _______ __ __ __ _ ___ _____ _____ _ _ 1,517
Dolomite,
In fine
with
residue; white;
at bottom
of powder,
well, at __
__ arenaceous rounded grains, quartzose and cherty
~ _ _ ___ ____ ___ _____ _________ _ ___ _ _______

1,63~

The arenaceous dolomite at 1,517 feet possibly represe~~s the
Saint Peter, but it is also possible that the Saint p.eter is absent,
and that the shales and clayey limestones from 1,010 .to 1,295
.belong to th~ Platteville, and the dolomit~ from 1,375 down to
the Shakopee.
The samples are said to have been taken at every "change" of
rock.
The water is lifted into a standpipe and thence distributed by
gravity through one-half mile of mains. It is used by ,a smaD
proportion of the people and the daily consumption does not exceed 10,000 gallons. The water is very hard. Large supplies of
less minerali~ed water are .available in the valley at no great
depths below the surface.
The Chicago & North Western Railway well at Dunlap is sunk
into the stream deposits of Boyer river 'valley. The section is
as follows:
I
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North Western Railway well at Dunlap.
Thickness Depth

Olay,
Sand
Sand,
Olay,

sandy ___________________________________ ___________ _
___________________________________________________ _
coarse (water bearlng) ___________ _____________
blue (entered).
~------

Feet

Feet
20
12 '

28

20

82,
56

This well is 12 inches in diameter and ends with a 14-foot
screen. With the suction pipe extending 40 feet below the surface, it is reported to be pumped at the rate of 300 gallons a
minute and to furnish about 100,000 gallons daily.
'
Logan.-The public waterworks at Logan (population, 1,453)
were until 'recently supplied from two w:ells-a shallow open
well and a deep drilled well-both located in the valley. ' The
open well is 20 feet in diameter, is cased with brick, and ends
at a depth of 32 feet in a bed of sand restin~ upon rock. , It fills
with water within about 10 feet of the surface but its , yield
is not great. The water is hard, though otherwise good.
'T he public supply is used by most of the inhabitants, and the
daily consumption is estimated at 30,000 gallons. The pressure
is secured from a reservoir located on the upland: The supply
for the illinois Central locomotives is taken from large tlug
wells in the valley.
The drilled well is 840 feet deep, 10 to six inches in diameter,
is cased with 30 feet of eight-inch pip~ to rock, and 570 feet of
six-inch pipe, heads 30 feet above the curb, and has a natural
flow of 13 gallons a minute. The water bed is shale at a depth
of 650 feet. 'T he well was drilled in 1902 at a cost of $2,000.
The water is called "mineraL" , It is generally liked by the
p'eople and is said to be soft and 'wholesome and to hav'e a 'mild
laxative effect.
Fortunately for the interests of science one of the citizens of
Logan, Mr. C. N. Wood, obtained at his own expense from the
drillers a fairly complete set of samples of the drillings, and
submitted them to the Survey for examination. The ,following
table presents the interpr,e tation of the samples:
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Recora of strata in city

wen

No.1 at Logan.

I

Thick· \ Depth,
ness

Oarbonl ferous:
PennsylvanlanUnrecorded _______________________________________ __________________ -____ _ Feet
22
earthy, soft, and IIght-bulf, harder; In large chips;_
Limestone,
blue-gray, ______________________________________
rapid elfervescence
~

Shale, greenish, practically noncalcareous; some yellow and red shale;
chips of light yellow limestone; In molded masses____________________ _
Shale, copper-red, calcareous; a few cuttings of IImestone _________________ _
Limestone,
light
yellow
and blue-gray,
compact; and sandstone, micaceous,_
fine-grained,
light
blue-gray
________________________________________
Shale, drab and blue or greenish gray_____________________________ __
Limestone,
buff,
very
fine-grained, compact; smooth fracture; fos-_
sllIferous; grayish
In large
flakes
_________________________________________________
Limestone; as above, with greenish crystalline limestone and some reddish
clay staining surfaces of limestone cuttlngs ___________________________ _
Shale, red and greenish, hard, calcareous , In cuttings, some limestone

Nghi~:mpj'es--=='
=================================:=::::===::::::::::==::::::
Shale, blue-gray and drab; some yellow limestone cuttings; some fine-

grained greenish laminated sandstone__________________________________ _
Limestone, blue-gray, Close-textured, earthy; In rather large chips; foswith some reddish brown shale from above (?) ______________ __
Nosiliferous;
sample ________________________________________________________________
Limestone, highly argillaceous, blue-gray, earthy, soft_________________ _
Shale, hlg,hly calcareous; In chips; cemented by rusted iron cuttings, evidently from tools dropped in the weIL _____________________________ _
Shale, reddish ________________________________________________________ _
Shale, black, coaly _____________________________________________________ _
gray,
somewhat
calcareous,
plastic; in molded
masses_
Shale,
light dull
greenish
gray__ .:..
____________________
"-____________
Limestone,
luster,
light
Shale, drab, fissile, calcareous; some limestone cuttlngs _________________ _
Shale, dark drab and green-gray, hard, flssne, calcareous __________________ _
Sandstone, gray, micaceous, fine-grained; grains Imperfectly rounded ___ _
Sbale. yellow, plastic; in molded masses;; a little ocberous limestone___ _
Limestone, yellow, argillaceous; In fine cuttings; fragments of jOints of
crinoid stems; chips of shale of various colors ________________________ _
Sbale, orange and ot'ber colored, plastic __________________________________ _
No samples _________________________________________________________________ _
Mlssisslpplan'
. Limestone, drab, argf)]aceous, Slightly gritty; much translucent mllkywhite chalcedonlc
silica; In small cuttings; some grains of crystalline_
quartz
_________________________________________________________________
Limestone,
g,ray; in__________________________________________________________
fine sand; much chalcedony; some quartz grains Im-_
perfectly rounded

Feet
22

12

34

,8
18

60

10

70
110

40

42

5

115

10

125

5
25

180
155

10

165

•

169

15
6

184
190

15
40
15
15
5
II

205
245 ·
2110

«

275

280
286

290

15
20

305
S25

25
50
155

850
400
555

II

5110

20

580

Limestone, gray, yellow-gray, and light drab; fine crystalline-granular;
some
white
cryptocrystalline silica and some shale in powder and small_
cuttings
____________________________________________________________
5
light
In quartz
mass; fine
some cryptocrys-_
Limestone,
talline silica andbulf
some
sandcrystalline-granular;
_______________________________________
10
Limestone; as above; and some white; in coarse san<L _________________ _
15
Limestone, whitish and light yellow-gray; some rounded quartz gralns___ _
10
, Limestone;
as
above;
a
very
little
cryptocrystalline
with
white
silica
and
some quartz sand _____________________________________________________ _
15
Limestone, pure white, fine-gralned ___________________________________ _
20
No samples _______________________________'___________________________ _
(1)
and light yellow-gray;
In fine sand, sample labeled_
Llmestone
''to 770' 1 blue-gray
______________________
'___________________________
Limestone, white; In fine meaL ____ -.:___________ -'____________________ _ (1)
10
Limestone, light grayish white; In fine sand; this and all other IImestonesl '
of the samples effervesce rapidly in cold dilute hydrochloric acid _______ _
41
No samples, but reported to be no change In strata _________________ ~ ___ _
19

585
595
610
620
685
655
(1)
770
780
821
840

Another city well has recently been drilled at Logan. ' The
depth is 954 feet and the diameter six inches; casing, six inches
to bottom of well. The curb is 1,033 feet above sea level and
the head 80 feet above curb. 'T he flow is 200 gallons a minute,
the principal supply being at 940 feet; other water beds are
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at 36 and 454 feet. The well, which cost $5,000, was drilled ,by
,L. E. Nebergall, of Omaha, Nebraska, in 1911.
Missouri Valley.-The public supply of Missouri Valley
(population, 3,187) is obtained fr,om four six-inch wells located
'a short distance from the margin of the valley. The wells pass
through clay, "hardpan," etc., and end with 10-foot to 14-foot
'brass screens at a depth of 85 feet in a bed of gravel fr,om which
'the water rises within four to five feet of the surface.
, By means of a suction pump at the surface, the wells are
usually made to yield 550 gallons a minute, but they are re- ,
ported to have been pumped for 17 hours continuously at about
600 gallons a minute. The water is rather hard and in time
seals the screens with chemical precipitates. A dug well with
a group of sand points was at first instaUed but w3:s not so
satisfactory as the wells now in use.
'T he water is stored in a large cement reserv,oir on the top
of the bluff and is delivered under considerable pressure through
about six ,miles of mains to 60 fire hydrants and 500 taps. It
is used by a large proportion of the people, the average daily
consumption froin November 1,1908, to November 1, 1909, hav-:
ing been 170,500 gallons.
The Chicago & North Western Railway owns two wells, about
25 feet apart, sunk through the alluvial deposits to a depth o~
90 feet and finished with screens in a bed of gravel that is said
to rest on rock. The water rises within five or six feet of the
surface, and the pump cylinders are placed 14 feet below the
s:urface, with suction pipes extending lower. According to the
man in charge, nearly 200,000 gallons of water are taken from
these wells ,every day.
Persia.-The waterworks at Persia' (population, 358) consist
of a tank elevated upon a tower and connected with about one
mile of mains. The supply is at present drawn from a well four
feet in diameter, sunk about 50 feet into clay from ,which it receives a seepage of hardly more' than 2,000 gallons per nay. A
hole bored to a depth of ,over 100 feet discovered a bed of quick'sand at about 60 feet which yielded only a small amount of
J

I
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water. There is, however, little question that an adequate supply for the waterworks can be obtained without deep drilling.
Wo·o dbine.-The publiG supply of Woodbine (population,
1,538) is derived (1) from an 840-foot flowing well whose small
natural flow (12 gallons a minute) is aUgJ;Ilented perhaps threefold when an air lift is applied; and (2) from a dug well, 18 feet
in diameter and 26 f·eet deep, which ends in a bed of sand and
gravel but does not seem to furnish much water. The deep
well, which was put down.by J. Shaw in 1905, is 12 to six inches
in diameter. Altogether about 25,000 gallons of water are consumed each day, requiring the operation of the air lift for six
hours. The waterworks include a standpipe and about three
miles of mains. The deep water is said to be very hard and to
produce much scale in boilers.
No record of the strata has been preserved, but the succession
is probably closely that of the .Logan deep well (p. 1134) and
the water bed is Mississippian.

MILLS COUNTY.

BY

o. E.

MEINZER AND W. H. NORTON.

TOPOGRAPHY AND GEOLOGY.

The surface of Mills county consists of hilly upland areas
separated by broad tracts of flat lowland through which the
principal streams meander. The unconsolidated depo,s its consist of glacial drift, loess, and alluvium; the bedrock, to a depth
of 670 feet in the deep well at Glenwood (PI. XVIII), consists
almost exclusively of alternating strata of shale and limestone
belonging to the Missouri stage of the Upper Carboniferous.
In some localities thin beds of sandstone, referred to the Cretaceous, lie between the Missouri strata and the drift.1'Udden, J. A., Ge ology of Mills and Fremont countie s : Ann. R e pt. Iowa Ge ol.
Survey, vol. 13, 1902, p. 161.
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UNDERGROUND WATER.
SOURCES.

The thick Missouri stage contains so little water, and that
little is so highly mineralized, that wells s~ould not be sunk
into it unless it is intended to go to great depths . for artesian
supplies, as in the Glenwood wells (p. 1139). Ordinarily, water
must be' obtained either from surface sources or from the deposits above the Missouri. The lowland and upland groundwater conditions differ radically. In the lowland areas abun. dant quantities of hard but otherwise good water are obtained
by driving inexpensive points to beds of alluvial sand and gravel
at slight depths; in the upland areas more meager amounts of
equally satisfactory water are obtained from la.rge wells dug
or bored into the loess or drift. In the former areas large supplies can be developed by driving a sufficient number of sand
points, connecting the wells at the top, and drawing from all
simultaneously; in the latter it is difficult to obtain large supplies, but the yield can be increased indefinitely by expanding
the infiltration surface. In some localities layers of sand or
sia ndstone (either Aftonian or Cretaceous) are encountered ·and
copious supplies obtained, but such water-bearing layers are
not everywhere found.
SPRINGS.

Springs ar'e abundant in Mills county. Seeps which give ris.
to rivulets occur in many of the deep ravines that have been
cut into the uplands below the surficial water level, and many
springs also issue from the c~iffs bordering the main valleys,
the water coming from Aftonian gravel, from the base of the·
drift, or from more or less porous materials at other levels.
CITY AND VILLAGE SUPPLIES.

Glenwood.-The public supply of Gl,enwood (population,.
4,052) is pumped from a deep-drilled well (PI. XVIII), which
has a depth of 2,000 feet and a diameter of 10 to four and threefourths inches, cased to 1,773 feet. The curb is 1,132 feet above
72
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sea level. The original head was 171 feet below curb; head in
1909, 180 feet below curb. The original tested capacity was 60
gallons a minute; tested capacity in 1896, 83 gallons a minute;
tested capacity in 1908, 108 gallons a minute. The well was
completed in 1891 at a cost of $7,265 by the American Well
Works Company, of Aurora, lliinois.
Character , of water in

~lenwood

city wen••

I

Depth of
Head
water
below
bed
surface

I
J'resh __________ :... ______________'__________________________ _
Salt _____________________________________________________________ _
Salt ____________________________________________________ _
Fresh ____________________________________________________ _
Fresh _______________________________________________ _
Fresh ____________________________________________________ _
Fresh ____________________________________________________ _
Fresh _____________________________________________________ _

Feet1M ___
.Peet
__
718
825
1,008
1.210
1.668
1,79'
1.886

1'18
11
40
128
100
40
171

'T he following data concerning pumping tests have been supplied by Seth Dean: On J anuary28, 1890, the pump was started
at 10 a. m., pumping 50 gallons per minute. The temperature
of the water rose from 60° F. at 10.15 a. m. to 66° at 11.30 a. m.,
to 68° at 12 M., and to 69° at 3.15 p. m.
A second test was made July 26 and 27, 1892, after the salt
water had been cased out. The 'pump was started at 4.30 p. m.,
pumping 60 gallons a minute'. The temperature of water rose
as follows: 4.50 p. m., 60°; 5 p. m., 62°; 5.40 p. m., 66°; 6 p. m.,
69°; 8.17 p. m., 72°; 2.45 a. m., 72lh 0; 9.45 a. m., 72lh 0; and 11
p. m., 72lh Probably the gradual rise in temperature is caused
by the increasing proportion of water drawn from the lower
'vein.
The well was repaired about 1904 by replacing some joints
of casing, but without ~ffect on the discharge. The cylinder
(not more than six inches in 4iameter) is s~t about 280 feet
below the curb. The pump is run continuously 16 hours a
day, at a speed of 16 to 17 revolutions a minute; running the
pump faster does not increase the yield.
0.
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Record ot strata in city well at tHenwood 'PI. XVIII, p. 1100).

TbICk-\ Deptb.
ness.

I
~

Quaternary
(175 feet thick; top, 1,132 feet above sea leve!):
Feet
SoD __________________________________________
___________ _ Feet
2
2
Loe8. ___________________________________________________________________ _
152
1M
Gravel and coarse sand (water bearlng) ____ ___________________ __________ _
160
6
Sand, coarse _______________________ _____________________________________ _
166
6
TID, yellow; &reenstone, and otber pebbles__________________________ _
176
10
Oarbonlferous:
PennsylvanlanMissouri stage (6'70 feet thick; to!>, 957 feet above sea leveJ)2
177
Limestone, soft, IIgbt and darker gray, cberty---------------------Limestone, dark blue, argillaceous, pyrltlferous _____ ~ ______________ _
10
187
"Sbale, black, carbonaceous" _______________________________ ,, __
1~
1881
~

~

~

~~~~e, ~~~~-:::iy::::=:=::::::::::::::_-=:::::_..::::::=::::
Limestone,
&ray; earthy luster___________________________________ _
dark blue-gray,
fiSSile; dIsks of crinoId stems and
fragments of_ .
Sbale,
a Productus
____________________________________
'______________

LImestone, gray; luster, eartby; compact, moderately bard; wltb
crinoidblack,
stems,carbonaceous
ecbinold spines,
and fragments of bracblopods ____ __
_________________________________
Sbale,
Limestone, soft, yellow-gray, wltb Fusullna___________________ _
Sbale, blue ________________________________________________ _
LImestone, IIgbt yellow, fossiliferous ________________________ _
Sbale, dark red __________________________________________________ _
Limestone, breCCiated; sample consists of two large unfractured masses
of very bard limestone breccia; limestone gray or reddlsb; matrix
greenlsb gray and argillaceous, but bard.. ________________________ _
Sandstone _______________________________________________________ _
Limestone, argillaceous, blulsb gray ___________________________ _
Sbale, blue ________________________________________-_________ _
Limestone, compact ________________________________________________ _
Sbale, greenlsb gray, arenaceous, calcareous ________________________ _
Limestone, bard, gray; blghly cberty at S58 feet ____________________ _
Sbale, bard, greenlsb gray, highly calcareous ______________________ _
Limestone, IIgbt greenlsb gray, blgbly arglllaceous _____________________ _
Li mp8to ne, ligbt yel'low-gray, compact, fine-gralned __________________ _
Sbale, black, carbonaceous; and greenlsb gray, bard ____________________ _
"Marl, white" ___________ .. ______________... __ ... _____ .. ______
Limestone, bard, gray ____________________________________________ _
Sbale, gray; and limestone, arglilaceous___________________________ '
Sbale, varicolored ___________ __________________________________ _
Limestone, gray, close textured ________________ __________ _
Limestone.
bard, blue,
blgbly argillaceous; crinoid stems and fragments_
ot bracblopods
__________________________________________
Sb
ale,
I Jack, carbonaceous; impure gray limestone___________________ _
Sandstone ________________________________________________ _
.1 ... __________ ... _ _

Limestone,
and ligbt gray, close textured·; eartby hlster_____ __
Slate,
black wblte
___________________________________________
Limestone, yellow-gray, fossiliferous, crystalline to eartby-----------Sbale,
dark IIgbt
and greenlsb
gray; soft,
with Obonetes_~---------------------Limestone,
yellow-gray,
tOsslllferous ______________________ _
Sbale, green, calcareous ___________________________" _______ _
Limestone, wblte, soft, crystalline to eartby__________________ ~ _____ _
Shale, gray, blgbly calcareous, tossllIferous _______ _______________ _
Sbale, black, carbonaceous, dark drab _____________________________ _
Limestone, wblte and light colored; In places fossiliferous, wltb 1 foot
of "coal?" at 612 feet , and brown cbert at 635 feet; 9 samples__
.3hale,
varicolored,
arenaceous;
wltb minute angular particles of lim-_
2 samples
____________________________________________
pid quartz;
Sandstone, greenlsb gray, close and fine-grained, argillaceous and cal·
careous; some siliceous limestone, bard, subconcholdal fracture; wltb
at 706
and
711 feet: vein of salt water at 716 feet _____ ~ ___
mucband
sbale
Ooal
black
sbale
_________________________________________
Sbale, blue _______________________________________________________ _
Limestone, gray, bard; fracture subconcboldal; close textured; fossiliferous
and 1llnty at 732 feet: 4 feet of blue sbale at 730 feet _______ _
Slate
______________________________________________________________
Limestone, arenaceous _______________________ -----------------__
Shale, dark blue, calcareous; and black, carbonaceous _________________ _
. Sandst one. dark brownish gray: calcareous; ferruginous'; argillaceous;
fossiliferous, wltb Obonetes and otber bracblopods___________________ _
In places;
sbale at_
Limestone,
llgbter
yellow-gray: blgbly fossiliferous
783 feet ____
_________________________________
__ _________
___________

~

8 '
24

195
208

227

6

232

8
4
13
7
9
16

240
244
267
284
278
9

25
9
17
2
5
3
13
10
5
18
9
2
8

814
823
840

"

US

847
850

868
878
878
Sge

405
407
415
419

19
18

4S8
458

11

m

3

6

470

478
491

15
5
12
11
10
21
20
10
15

519
629
550
670
680
696

4S

888

47

685

86
1
4

720
721

726

15
12
3
3

'140
752
766
758

498

508

6

784

27

'M
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R ecord of strata in the city well at Glenwood-Continued.

~'hlck-IDePth.

) ness.
Feet
black, ______________________________________________________________
sla ty ----------------------.-------------------------------_
Shale, gray
Limestone with shale____________________________________________________ _
"Shale, blue with sandstone band" _____________ ____ ______________________ _
Sandstone, fine gray, micaceous; vein of salt water___________________ _
Des Moines stage (390 feet thick; top, 'li!l feet above sea level)Shales; some fossil!ferous, In places carbonaceous; mostly noncalcareous; of various colors; limestone at 868 and 885 feet, and 956 feet;
coal at 956_______________________________________________________________
feet; pyrite at 901 feet; 17 samples ______________________ _
Limestone
_
Sandstone and shale, fossil!ferous ______________________________________ _
Sandstone, gray, soft, argillocalrareous, flne-gralned _________________ _
Shale, hard, brittle, noncalcareous, green and broWIl-________________ _
Sandstone, gray, water bearlng_____________________________________ _
hard, brittle;
of various _________________________________________
bright colors; finely laminated; trac-_
Shale,
ture splintery;
noncalcareous
Shale, arenaceous ______________________________________________________ _
Shale, black, carbonaceous_______________________________________________ _
Fire clay, gray; In molded masses ____________________________________ _
Shale, black and gray; some sandstone _________________________________ _
Limestone _________________________________________________________ _
Shales, varicolored, hard, brittle, noncalcareous ______________________ _
Sandstone. fine-grained; witb shale; 2 samples ______________________ _
Shale; mostly black, brittle, ·splintery ___________________________ ______ _
Sandstone; 4 samples ___________________ ____________________________ _
Shale, black, hard, flssile ___________________________________ _______ _
Ohert, gray, with shale, limestone, and sand ___________________________ _
Sandstone,
gray; grains of moderate size; Imperfectly rounded; 2_
samples _______________________________________________________________
MlsslsslpplanChert; with limestone. chalcedonic silica. and quartz sand; the latter sometimes seem embedded In the chert; 5 samples _______________ ~ _______________ _
Sandstone, argillaceous; in dark gray powder_______________________________ _
Obert ; with cbalcedony; limestone. and at 1. 305 feet much sha,]e; 5 samDle<>
Shale, highly calcareous; In blue-gray concreted powder; residue after washing, pyritlferous cbert, quartz sand; a little glauconite, and nonmagnesian
limestone; 3 samples __________________________________________________________ _
Limestone, cherty, arglllaceons; blue-gray; 3 samples _________________________ _
Limestone, gray; 2 samples __________________________ __ ______ ___________,-----Shale,
quartzose
calcareous, in light blue-gray
powder; 3 samples;_
quartzhighly
part.!cles
minuteand
_____________________________
__________________________
Shale. green. massive __ ____ __________________________________________ _
Limestone; in flakes ; some light yellow-gray; some soft and white; nonmagneal an; compact; some chert at 1,649 feet _____________________________________ _
Limestones, magnesian, or dolomites, crystalline; .drab , buff and brown;
largely in sand; effervescence slow; 4 samples _________________________________ _
Limeston~, brown and gray; considerable green shale at 1,720 feet ___________ _
Limestone, magnesian; or dolomite, brown, roughly crystalline; 4 samples __
Sandstone,
grains of limpid quartz imperfectly rounded , with• ______
some_
crystalsgray;
_______________________________________________________________
Limestone, magnesian; or dolomite, buff and yellow; 3 samples _______________ _
rapid effervescence; In brown_
Limestone,
somewhat sand;
magnesian;
moderately
and buff crystalline
2 samples
___________________________________________
Limestone, m"gnrs;an; and dolomite. crystalline, vesicular, brown and buff __
Dolomite, Ilght yellow-gray, cherty; 3 samples _________________________________ _
Dolomite, greenish gray; argillaceous residue __________________________________ _
Dolomite, Ilght gray; much gypsum; water bearing ___ " ________________________ _
Gypsum; in Iigbt yeUow concreted powder; now bighly induratelL _________ _
Dolomite, gray; flakes of gypsum and selenite; 4 samples___________________ _
Limestone , gray. somewhat magnesian, seleniferous, argillaceous ___________ _
Sh ale, soft . greenish. calcareous __ __ ______________________ __ ______________ _
Dolomite, gray; In powder; highly selenlferous _________________________________ _
Shale, hard, green, very slightly calcareous .
~

~

2
7
15
10

20

117
3
24
9
10
17
20

Feet
793
800
815
825
845

962
965
989
998

1,OOS
1,025

7
6
8
3
23
22
10
30
5
10

1,045
I,OSI
1 ,088
1,094
1,102
1,105
1,128
1,150
1,160
1,190
1,195
1,205

80

1,235

45

1,280
11,300
1 ,370

36

20
70
35
60
45

90

1,405
1,465
1 , 510

44

1.600
1,644

24

1,868

41
24
32

1,709
1,783
1,765

19
28

1,784
1,812

20
68
24
6
8
3
39
10
5
5

1,832
1.900
1,924
1,930
1.938
1,941
1,!lSO
1,990
1,995
2,000

UNDERGROUND WATERS OF THE SOUTHWEST DISTRICT

1141

The distribution system consists of two standpipes and about
three miles of mains with 16 fire hydrants and 146 taps. The
water is rich in sulphates and chlorides, but i s freely used for
drinking and culinary purposes and is also employed in several
stationary boilers with fairly satisfactory results. It is estimated that 50,000 gallons are consumed in an average day, which
requires the operation of the pump during a large part of the
time.
The supply for the State Institution for Feeble-minded Children at Glenwood was formerly obtain'ed from a well 1,910 feet
deep which was similar to the city well. 'T he curb is 980 feet
above sea level; casing, 8 inch to 822 feet, 7 inch to 1,011 feet,
6% inch to 1,103 feet, 5 3-16 inch to 1,515 feet, and 4% inch to
1,640 feet; casing perforated at 1,450 and 1,600 feet. The
original head was five feet below curb; he'a d at present, 10 feet
below curb. Temperature, 66° F. The well was completed in
1897 at a cost of $4,800 by F. M. Gray, of Milwaukee.
The driller's log, which evidently does not record all the strata
passed through, is as follows:
I

Driller'8 log of W€11l No. 1 of the Iowa Institution fo1' Feeble-mindJed Ohildren
at Glenwood.

l

TbiCkness . ,

Feet35
Drift ___________________________________________________________________________
Limestone ____ _________________________________________
5
Sbale, hlack ____ _______ _________ ___________________________ ____________ __________ ___ _
~

~~______

tl:~~ig~:' ~~~~:.._==:=:===:=:====:=:==:==:=====:.._:======================

il:

Sbale, red __________________________________________________________ ___________
SO
Limestone _____________________________________________________________________
40
Sb a Ie __ ______________________ ___ _________________________________________ ______________ _
10
Sbale, red ______________ _____________________________________________ ____
Limestone ________________________________________
15
Sbale, black . __________________________________________________________________
20
Sbale, blue ____________________________________________________________________
30
Limestone __________________________________________________________________
10
Sbale, black ________________________________________________________________
5
'I?)
Rock, soft, white ________ ________.________________.____________
Shale, blue _____________________________________________________ ___
20
Sh ale. red _____________________________ _____________________________ _________
30
Limestone _______________________________________________________
10
Sbale, black, coaly ______________________________________ _________________
1
S8nnstone __ _____ ___________________________ _______________________ ______
7
Sandstone, with salt water ____________________________________________________
7
Shale, blue
10
Limestone _____________________________________________________________
5
Limestone
with
pyrite (approximate
base__________________________________
of Missouri In city welll_________
Shale,
green
_______________
______________
___
102
~________________________

~_______

~_________________________________________________________________

~~~'i_',sre~l;tii--:=:======:=================::==============.
================== --------io-Soapltone ______________________________________________________________
10

Deptb .
Feet
35
40
46
M

100
140

200

2M
280
305
840
860
430

445
475
479

m

529
549
'fi50
575
625
640
G55
690

715
782
780
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Drillers log oj well No. 1 at Glenwood-Continued.
[ Thickness

I

Depth

Feet
- )finer's slate wfth pyrite _____________________________________
Shale, sandy, with salt water ______________________________ --------Sandstone ___________________________________________
6
Limestone __________________________________________ --------Sandstone __________________________________ -'-______ ----------Sandstone (approximate
base of ..:..___________________________
Des Moines In city well)______________
10
Limestone,
brown ________
12
Qnartzlte, red __________________________________________
8
Limestone, magnesian
_______________~---------------------------28
Limestone,
gray ________________________________________
64

~~~g:~~~:' _.:~~_~:=__=~=__=__==___::::=__=__-_=::__=__===::::::=::::::::

2g

=i::*~:'
Limestone, :~~~~_=~_=~_==_=_=_~~_====_==_==_=:::::_=::::::::::::
sandy _______ ..:..___________________ ..:.._____________

-----r·.

Soapstone
base of Mississippian
In city well) __________
Limestone (approximate
__________________
____________________
_________ __________
20 _

G7]lsnm ________________________________________ _____

00

2

Limestone, gray _______________________ _
80
Limestone, bastard __________________________________________________ _
Limestone. hard, gray _------------------------------------ _________ _
Bottom of well ___
------------- ----------- ----------- ----- -- ~_______

_

_____

Feet '
820

865
990
. 1,010
1,082
l,O!I6

1,103
1,.116 .
1,198
1,226
1,351

1,410

1,460
1 , 509
1 , 636
1,680
1,600

1,700
1,700
1,772

1,860
1.896

1.910

'T he fir.st water bed was struck at 570 feet. The water was
salty and stood at six feet below the curb. The capacity wae
about 30 gallons a minute. At a. depth of 1,00~ feet another
water bed was found, whose water rose within 60 feet of the
surface and yielded 75 gallons a minute. At a depth of 1,160
feet the water rosie to the surface and 70 gallons a minute were
pumped. At a depth of 1,356 feet the water fell to six feet
below the curb. Water was also found at depths of 1,668 and
1,836 feet and at the latter depth stood five feet below .the surface and was pumped at the rate of .70· gallons a minute.
During the early part 'of the winter of 1897 a pump was placed
in the well and operated by electric motors. Thes·e' proving unsatisfactory, a Fairbanks-Morse steam pump was installed in
1900, the cylinder being placed 500 'feet below the curb. Breakage of the rods necessitated frequent repairs, and in August,
1901, the working barrel worke~ loose and dropped to the bottom of the six-inch casing. On August 22, 1901, the cylinde:c
wa's replaced at a depth of 100 feet, but 10 minutes pumping
lowered the water below the . foot valve. When the cylinder
was placed 163 feet below the surface, pumping 20 strokes to
the minute lowered the water below the foot valve in one hour;
pumping at 13 strokes to the minute the pump delivered 40
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gallons of water a minute. Early in September the cylinder
was set at 228 feet below the surface; by running the pump at
18 strokes a minute- for 10 hours 54 gallons of water a minute
were obtained, but at the end of this period ~he water stood below the foot valve. From this date until March, 1902, the well
was used only to supply drinking water, the gen-eral supply
being taken from Keg creek. In March and April, 1902, it was
found that 54 gallons a minute could be obtained by operating
the pump at 19 strokes a minute. On May 5, .the cylinder having
again worked loose, it was ' reset 266 feet below the surface.
During the summer the pump delivered 45 to 50 gallons a minute, according to the conditions of the leathers and the length
of time the pump was run. In February, 1903, a new and larger
cylinder, 5% inches in diameter, with a discharge pipe six inches
in diameter, was set 294 feet below the surface. At 18 strokes
to the minute this cylinder gave 50 to 75 gallons of water a
minute up to .J anuary, 1906, with the following interesting ,exceptions: On June 13, 1905, ~he water began to fall noticeably.
The leathers were found in fair condition. The failure continued until on July 20 no water could be pumped. On August
1 the yield was but five gallons a minute and the water contained a large amount of sediment. At the same time the city
well of Glenwood was able to furnish but a small supply tOf
wate·r. After August 4, however. no sand or sediment was
noted in the wel~, and running 10 hours a day the pump delivered about 60 gallons a minute. In January, 1906, it was
found that with a stroke 'of 18 a ·minute and running continuously for 24 hours a yield of 50 gallons was obtained.
With the exception of a period of some six weeks in 1905,
maximum pumping did not exhaust the supply, and the pump
was run in 1906 for 24 hours a day. 'T he needs of the institution, however, had become much larger than the well could supply. Furthermore, the well became infected with the germs of typhoid fever. Water taken directly from the discharge pipe was
found by the State bacteriologists to contain the colon bacillus
in large quantities and to have been contaminated by surface
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drainage, evidently through corroded or othe-r wise leaky casings.
The location of the well is favorable, for such contamination.
It was decided to sink an additional wen to the water bed at
about 1,000 feet to obtain a larger supply and to shut out the
surface water finding access to well No. 1 by recasing it to 120
feet. The second well was carried to a depth of 975 feet and
was then abandoned. It had a diameter of 15 to 6 inches;
casing, 15-inch to 124 feet, 12-inch to 557 feet, 10-inch to 769
f,eet, 8-inch to 860 ' feet, and 6-inch to bottom. The curb was
1,060 feet above sea level. The log follows:
Drillerl s log of well No. 2 of the Institution for Feeble-minded Ohildren
Glenwood.

I

Thickness·l

OI-ay, reddish,
yellowishvery
-----------------------------------------------------------'Olay,
hard and dry _____________________________________________
OIay, yellowish as from 2·12 ____________ "____________________________________
Olay, dark yellow, moist; easy to dig ___________ ____________________________
Gravel, and fine white sand , water _________________________________________
Limestone, white; under which was 2 inches of yellow clay _______________

~~:;~e;to~l~e·~~f~,
--Ve;y--har-d~=~=====~===~=~===~~=~================~=========
Shale,
black _____________________________________________________________
___

Limestone, blue, hard __________________ ____________________________ ________
Shale, black __________________________________________________________________
Limestone _________________________________________________________
Shale, blue ______________________________________________________________
Limestone, white ___________________________________________________ __ -_____
Olay shale, red _______________________________________ ,- -------------_______
Shale, white slate ____________________________________________________________
"Limestone, hard, gray _______________________ __ ____________________ ____________
Limestone, hard ___________________________________________________________
Shale, blue ______________________________________________________________________
Limestone, very hard ______________________________________________________
Gravel and shale ______________________________________________________________
Limestone , soft ___________________________________ "___________________________
Shale, red _________ c_____________________________________________________
Limestone, white __________________________________________________________
Shale, blue ______________________________________________________ -------____
Limestone, hard _______________________________________________ __-_________
Shale and lime __________________________________________________________ :____
Shale, blue ___________________________________________________________________
Slate and lime _____________________________________________________________

~~::st:~~e
_~=~==:::::==_
_::=:::::::~=::=:===:=:==::=::=::===::=:=====:::==
Lime and shale
____________
______ ____________________ _________ __ ___________ ,
Slate and shale __________________________________________________________ _
Limestone, blue ________________________________ _______________'________________
~

Feet
10
13
20 .

at

DeJlth. Feet

Ps
45

50
5

100

1

101

2~5

95

i:

10

137
147
162
175

20

20

195
215

15

230
266

6
23

35

30

15
10

25

10

5
26
25

10
10

5
5

295

310
520
845
565
860
S85

410
t2300
~

43~

25

440
466

~

~~
625

10

35
5

660
665

Shale ------------------------ -- --------------------------------- ~---15
• v~l
'O
Shale,
blue ____________________ ,--------------------------------------______________
so
Ooarse sand and limestone ___________________________________________________
10
620
Slate, black, white, and red _________________________________________________
15
635
Shale ___ -!.____ __________________________________________________________________
36
670
Limestone, soft ______________________________________________________ ______ _
6
67:;
Sandstone; salt water rising to 175 feet below curb _________________________
30
710
Shale, blue ________________________________________________
30
'74P
Slate, black ____________________________________________________ ______ _________
10
750
Shale, blue, and sand ___________ ____ _______________________________________ --30
840781>
Shale, black _______________________________________ ______ _________ _____________
60
Shale, blue, and slate _____________________________ .------------------------__
20
800
Shale and limestone ___________________ __ _____________ ____________ _____________
30
890
Shale ______________________________________'_____________________________________
20
910
Shale, dark, and 1 foot of limestone ________________________________________
25
935
Olay, red, and some limestone ___ _____ "______________________________________
15
960
Sand _____ ______________________________________________________ •_______ .-------5
955
Shale, dark blue _______________________________________ __ _____________ ----_-_--_-::;,--:'.-_--=2c.:..0--'---~975
~ __________________
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, Because of the failure to obtain a sufficient amount of water
in well No. 2 to· supplement that of the first well, the- second
was also abandoned and a supply found in shallow wells on the
• Missouri river flood plain about 2% miles from the institution.
Though no· pumping tests seems to have been made of the
capacity of well No.2, there is little or no doubt that sufficient
water was not obtained. The drilling was stopped at 85 feet
abovle sea level,' and the water beds of the sandstone at the base
of the Pennsylvanian were not reached in well No. 1 until the
drill had gone 28 feet below sea level. Had the well been drilled
113 feet deeper probably 75 gallons a minute would have been obtained from this sandstone.
Water for the institution is now obtained from a system of
eight 6-inch driven wells in the Missouri vaHey about one mils
east of Pacific Junction. The eight are spaced about 26 feet
apart, and end with 8-foot screens in alluvial sand, at a depth
of 32 feet. The casings are all connected at the top, and the
water, which normally stands about 7% feet below the surface
is drawn by two duplex suction pumps 4 feet bel<?w the surface.
The pumps are usually operated at the rate of 450 gallons a
mmute without producing any noticeable effect ~pon the supply.
The water is only moderately hard but contains an undesirable
amount of dissolved iron that is sllccessfully l.'Iemoved by
aeration.
HaS'tings.-The Ohicago, Burlington & Quincy Railroad well
at Hastings (population, 393) is 24 feet deep and apparently
ends in the alluvium of the valley. It is said to yield about
32,000 gallons in eight hours.
Malvern.-The public supply of Malvern, (population, 1,154)
is drawn from 14 driven wells located in the valley ·only slightly
above the lev-el of Silver creek. Some of the wells are three
inches and others four inches in diameter. They pass through
about 24 feet of soil and clay and end with 3%-foot screens ~
a be'd of sand, reported to be fine-grained and between 2 apd
13 feet in thickness. It seems that the yield, which was originally not great, ha~ de-c reased gradually by the incrusting of ~he
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screens until the entire system will not yield over 100 gallons
a minute when pumped continuously. A dug well which was '
22 feet deep and ended at the top of the sand stratum, was
originally used but was abandoned for the present system because of its meager yield. It is also reported that the Chicago,
:Burlington & Quincy Railroad at one time drilled to a depth of
about 300 feet without success.
The waterworks consist of an elevated tank and ' approximately four miles of mains, with 18 fire hydrants and about 65
taps. [T he average daily consumption is reported to be 9,000
gallons.
Pacific Junction.-The Chicago, Burlington & Quincy Rail~
road has a pumping station in the valley between Pacific J unction and the asylum wells. The water is drawn by suction from
six four-inch driven wells 35 feet deep. The pump usuallj: lifts
about 200 gallons a minute, which amount-the wells are reported
to yield except during very lo·w water in the summer.
MONTGOMERY COUNTY.

BY HOWARD E. SIMPSON.

TOPOGRAPHY.
~

. .. .

.

Montgomery county .lies near .the extreme soutbwest corner.
of Iowa. Its surface is an old drift plain carved . into broad
parallel ridges and valleys by the streams that flow across it
in a ,direction slightly west of south, toward the Missouri. The
broad, flat bottoms of the valleys and the mature dissection of
the ridges indicate that a long time has elapsed since the whole
was a broad level plain sloping in the direction now followed
by the master streB;ms. These streams, Walnut, East Nishnabotna, Tarkio, and West Nodaway rivers, and their. tributaries
thoroughly drain the county, so that it contains no standing sur,face water.

r
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The drift thickly covers the entire county except some areas
in the large valleys whose bottoms are filled with sand and
gravel and silt and on whose sides it has been herp. R.n d there
eroded away, exposillg the bedrock beneath. That this till is
very old may be inferred from the facts that it is deeply leached,
. that many of its igneous bowlders are entirely disintegrated by
weathermg, and above all that its surface is maturely dissected.
Well records do not indicate its division into Kansan and Nebraskan, as they do in counties north and east; whether the drift
is Kansan or Nebraskan has not been positively dE)termined.
The uplands are mantled with fine grayish yellow loess that is
characteristic
of the Missouri valley
region.
.
.
GEOLOGY.

The bedrock immediately below the drift on the uplands and
ridges is the soft, porous Dakota sandstone (Cretaceous). 'T his
is wanting in all the river valleys, the pre.,.glacial streams which
occupied these having cut deeply into the shales and limestones
of the Missouri stage (Pennsylvanian), which lies just beneath.
The result is that sandstone under the uplands alternates with
shale and limestone under the valleys in parallel belts running
almost north and south across the county. This fact, together
with the presence of heavy alluvial deposits over the shale and
limestone, is of prime importance in a consideration of underground water in this county. The strata of the county dip
slightly west of south.
UNDERGROUND WATER.

SOURCES.

The most clearly defined water-bearing beds are the alluvial
. sands beneath the valleys and the Dakota sandstone beneath the
uplands. Together these afford an abundant supply of good
water for most of the county. Besides these the entire county
is ,underlain by the drift and limestone horizons. Only on-upland ' slopes that are not underlain by sandstone nor overlain
by alluvium and in places where, owing t,o deep dissection, the
drift is. well drained, is there lack of good underground water
in Montgomery county.
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. . Most important of all aquifers are the deep beds of sands
underlying the till of both the first and the second bottoms of ·
each of the several rivers. These afford an inexhaustible supply
of water at depths of 20 to 100 feet over belts ranging in width
from a few hundred yards to 21j2 miles and extending across
the county from north to south. The water is medium hard and
locally carries sufficient iron compounds in solution to form a
red pre.c ipitate on standing, yet it is on the whole very wholesome wher,e not contaminated by organic matter as in towns
and cities.
Water is generally obtained from thIS bed by means of driven
wells sunk at very slight cost. Ordinarily there is sufficient clay
above the sands to seal out immediate surface waters and prevent conta~ination. In the cities and towns, however, a large
amount of sewage enters through the cesspools dug into or
through the surface soil and clay and through open wells which
mingle surface waters and the sand waters. Pollution may be
easily determined by analysis, and where found all private shal·
low wells should be closed and the public supply taken from
. some point above the cit)'" and free from contamination.
Over the uplands many shallow wells obtain a supply for
domestic use or for small farms from the waters that gradually
seep through the porous surface clay, the toess. The lower portion of the loess generally consists of :fine sands, and these are
the more common sources of supply for wells 10 to 20 feet deep.
Loess wells are usually of the dug type and are unsatisfactory,
as their supply greatly diminishes or fails entirely in dry se~
sons.
In recent years bored wells drawing on the sands and gravels
at or near the base of the drift are replacing the shallower wells.
These wells range in depth from 30 to 75 feet and obtain a larger
and purer supply. . A Dew wells obtain a supply from local
lenses of sand or gravel in the bowlder clay.
Where found beneath the uplands the soft brown sandstone
immediately under the drift is a mo·s f excellent aquifer, the
. purest and best. It ranges from a few feet to a hundred feet in
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thickness and is found at depths ranging up to 150 feet. Only
on the margins of the uplands is it inadequate. When this
water is obtained care should be taken to case out all others.
The limestone of the Miss10uri stage is everywhere present
under the sandstone or directly under the -drift and affords a
very scanty supply of hard water. This should be sought only
when higher beds fail 'or are contaminated. Failure to procure
ample supply from higher sources will rarely occur except on
the lower upland slopes and uplands in the western edge of the
county-that is, where the drift is deeply eroded and well
drained and is neither overlain by alluvium nor underlain by
sandstone. In such places it will probably be necessary to utilize
waters from all sources by casing to limestone and by puncturing the casing opposite each horizon.
PROVINCES.

Montgomery county comprises several und~rground-water
provinces. The first, ,o r valley bottoms, consists of the first bottoms, the part now flooded in times of high water, or the flood
plain; _and the second bottoms, the terraces of the 'old valley
floor, now above all ordinary floods and occupied by splendid
. . farms and in many places by towns and villages. 'The seoond
bottoms vary in width from a few hundred yards to two or threemiles. On them the entire supply of water com€s from driven,
dug, or bored wells, which draw water from the alluvium. In
the deeper po·r tions, where silt is underlain by heavy beds of'
sand, driven wells are chiefly used, and such wells should beused wherever possible, as they prevent the mingling of surfacewaters with the supply used. In cities and towns on the bottoms care should be taken to determine by frequent analysis
whether such wells are contaminated, and if contaminated, the·
private wells should be closed and free public water provided from a location above th~ town or from some source too.
deep for contamination.
The higher uplands underlain by sandstone constitute the
second province. These are not all continuous or even connected, but this sandstone is one of the best aquifers in the state.
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Most wells in this l'iegio.n are shallo.w and o.btain, water fro.m the
drift, but where a large, pure, and permanent supply is desired
the sandsto.ne is So.ught.
The third pro.vince, that o.f the limesto.ne, o.ccupies the higher
Io.wlands and the Io.wer' uplands ,o.f the western edge o.f the county and lies in general o.n the slo.pes between the o.ther two.
Though ' the limesto.ne is everywhere pre'sent, it is sought only
where the alluvial and sandstone aquifers al'ie wanting and
where. the drift is so broken and dissected as to. be thoroughly
drained. The limestone is a last resort and the water is frequently so scanty as to require a careful co.mbining of the
waters of all beds to make the supply sufficient, when the quality
may no.t be satisfacto.ry.
The shales of the Des Moines stage, lying underneath the
Misso.uri stage, are very impervio.us and therefore dry in this
part o.f the state.
FLo.WING WELLS.
Several small flo.wing wells have been reported, the aquifers
of which are the drift or the Dakota sandstone. The best is
that of A. Mo.nso.n on very Io.W gro.und in NE. % sec. 19, T.
72 N., R. 36 W. At a depth o.f 50 feet it o.btains a fairly good
flow fro.m a co.nglomerate layer of the Dakota sandstone. An·o.ther well, drawing its supply fro.m drift sands, is on J. P.
Maben's farm near the center o.f sec. ·21, T. 72 N., . R. 36 W.
Water flo.wed fo.r a time fro.m the tubular well o.n the farm of
J. R. Jo.nes (NE. % sec. 16, T. 73 N., R. 39 W.), but so.on ceased.
The so.urce is unknown. A flo.W was also. struck ·in the 35-f,oot
test ho.le put do.wn o.n the slo.pe 15 feet So.uth o.f the new city
well at Red Oak. This comes fro.m the Dako.ta s.andsto.ne. A flow
was no.t o.btained, hQwever, in the larger well. Small flo.WS may
usually be found in Dako.ta sandstone on Io.W slopes. These
may be 'o.f value in a small way for stock wells, and may be
classed as artificial springs. No. important flows can be ex. pected fro.m shallow wells.
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SPRINGS.

'Where the deeper valleys cut through an excellent aquife;r,
such as the Dakota sandstone, and leave it exposed over the valley sides, a number of excellent springs are found. Some are
of the usual drift variety and are formed at outcropping edges
of sand and gravel beds in the heads of ravines and on valley
sides. The stronger, however, come from Dakota sandstone
where it overlies the 'shale's and limestones of the Missouri stage,
and flow perennial'streams of pure, 'cold water. 'T he best known
of this class are the "Sand Springs" just south of Red Oak
(N. % sec. 33, T. 72 N., R. 38 W.).
CITY AND VILLAGE SUPPLIES.

'Elliott.-All wells at Elliott (population, 528) are driven,
the average depth being 30 feet. A good cover of soil and clay
overlies the sand, which ,occurs at a depth of about 20 feet. The
valley bottom in which such wells may be obtained is threefifths mile wide. On the uplands beyond, ' wells are bored, dug, '
or drilled. ' Most common are the wells bored 60 to 80 feet to
sand and gravel and lined with 12 to 18 inch sewer pipe. Others
penetrate the sandstone.
The public supply is obtained from a battery of twelve twoinch drive points connected in series by four-inch pipe to a 12horsepower gasoline pump with a capacity of 200 gallons a
minute. Mains 900 feet long conllect the pump with fiv~
hydrants. , The system is us~d only for fire protection, when a
pressure of 2() pounds is obtained.
, Red Oak.-Drive points are the common wells on the lowland
portion of Red Oak (population, 4,830), the usual depth being
25 to 40 feet, though a few reach 60 feet. On the upland portion tubulln wells are in very general use. The water heads
10 to 12 feet below the surface,; in wet weather four feet below.
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A section is as fonows:
Section of well at Red Oak.
D epth In F ee t.
So i 1 ___ ________ _________ ____ __ ___ ________ ___ _______ __________ __ ____ __ ____ ____ __ __ _ 1-6
Gumbo ____ __ ______ _____ ____ ______ __ ___________ ___ _____ __ ___ ___ __ _____ ____ ___ __ __ 6-10
Clay, y e llow _________ _____________________ __ ~- --------- -- - - --- - - - - ___ _________ 10-20
Sand, fe r ruginous (fi rst wate r ) ___________ _________________ _____ __ ______ __ _ 20-25
Cla y ____ _______ ____ ____ ________ ___ ________ ______ _____ _______ _____ ___ ____________ _
Gravel ( s econd wate r) ______ ___ __________ ___ __ _________ ______ ___ __ _____ ____ 40- 50

Villisca.-Driven wells on Lowlands all about Villisca (popuation, 2,039) find sheet water in sand at 15 to 35 feet. On the
higher land wells 35 feet 'deep in alluvium or drift obtain an
abundance of water. Few deep wells are reported. Sheet
water in sand would probably not be found in Jackson township
.
except in the western tier of s,ections.
The public supply is obtained from a spring well at the bottom of the slope between the town and the river: This well is a
large, square hole 20 feet deep walled with rock, pointed up
with mortar, and roofed ov,er. From this a tile extends into
the source 'of a spring which is evidently in the drift of the hill.
The water is pumped into a tank by a triplex electric engine
having a capacity of 100,000 gallons a day. A steam pump of
equal capacity is held in reserve in such a way as to give gravity pressure of 55 pounds on the main business streets and 68
pounds at the plant. In case of fire 125 pounds direct pressure
by electric and steam pumps may be ,obtained. Mains 2%, miles
long connect with 22 fire hydrants and about 120 taps, supplying one-tenth of the people.
A small tank is maintained for the oity electric light pumping plant and for street-sprinkling. It draws its supply from
the riv;er, since the city water scales boilers badly and is low
in dry seasons.
In emergency the tank supply may be cut off and after the
well is drained the river may be drawn upon for unlimited supply. This has, however, been found necessary but once or twice
in the history of the plant.
The water is so unfit for domestic use and unsatisfactory
for boiler purposes and the supply furnished in dry seasons is
so scant that a new system i SI contemplated.
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WELL DATA.

The following table ' gives data of typical wells
gomery county:

III

Mont-

TypicaZ wells of Montgomery County.
".

"...0

:SPo

£
:SPo

A

A

Location

Owner

'"

'"

'0

",I»
,,... Po

"Po

0"

00'"

~
0

al

I~~
,J:>

I
Remarks:
(Logs given in feet)

"'''

~"

T. 73N., R. 36W.
(:QOUgy.s) •

~• ~.ar~orbln
____ SE. Vec. 8 -7---ner ---. NE .
sec . 1 ----

Ffif'

f:H ~?~~st~~~souri)

FWl'

(Mfssourt).

Hard water.

T.73N.,R.37W.
(Pilot Grove).
Mrs . G. Halbert__ N. 11 sec. 11______

180

S. Tripp _________ SW.

sec. 26____

278

J. W. Grllflth____ 1 mile northwest
of Stennett.
D. L. Rush _______ NW. ! sec. 27____
D. W. Brlck.. _____ W. ~ sec. 7______

178

~

100 Sandstone (Ds· 160 FIne water.
kota).
100 -----------___________ No water; Ifmestone

Well,

T.73 N., R. 88W.
(Sherman).

J. E. Good ________ NW. i sec. 21.____

27

________________ ______

Do.

40 ________________ ______
Do.
40 Sandstone (Da·
Plenty of water,
kota).
161 _____ • Sand and
81 No rock.
gravel.
270
60

1'.73 N., R. S9 W.
(Lincoln).
J. H . Arkln _______ NE. i sec. 12___ __

160 ------ - --- do --------

140

Do.

245 _____ • Sand ---------175 ______ Sandstone (Dakota).

100 Plenty of water. No Toch.
75 Strong well; no rock.

T. 72 N. , R. 39 W.
(Garfield).

Mrs. M.E.Tolman SE. ! sec. 26 ____ _
G. W. Buchanan_ NW. i sec. 35___ _
T. 71 N., R.S9 W :
(West).
T. G. Haag______ NW. l sec. 1. __ _
J. Larsen ______ NW. iI: sec. 3___ _
J. E. Frank_____ S. 11 sec. 14_____ _

140 ____ • __ • do _ _ _ 115 Strong well.
177 _______ __ • do ___ • __ • _____ . Plenty of water.
125
60 __ • do ____
Soft water.

T. 71 N. , R. sa W.
(Grant).
90 ___ _ do _____________ •

S. Anderson _____ SW. iI: sec. 22____

175

T. 72 N ., R. sa W.
(Red Oak).
J. A. McLean ____ SE . i sec. 15____

212 _______ • __ do _____________ _

T . 72 N., R. 36 W.
(Washington) .

A. Monson _______ NE .

73

~

sec. 19____ _

60 ____ _• ____ do _______ _ ______ Flowing well.
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PAGE COUNTY.

BY O. E. MEINZER.

TOPOGRAPHY.

Page county is crossed by several streams, all of which meander through wide, flat-bottomed valleys that are nearly parallel
and have a general southward 'o r slightly southwestward trend.
The two largest are Nodaway and' East Nishnabotna :fivers.
Between the valleys extend intricately dissected upland belts
having a relief of about 200 feet.
GEOLOGY.

The entire county is underlain by the Missouri stage (Pennsylvanian), which consists essentially of shale with numerous
thin strata of limestone and a few coal seams. The total thickness of the series, as determined by deep drilling at Clarinda
apparently is nearly 700 feet. (PI. XVIII, p. 1100.) Below the
Missouri is the Des Moines, another thick series belonging to
the Pennsylvanian and consisting predominantly of shale, but
differing from the Missouri chiefly in containing less limestone
and more sandstone.
The upper surface of the Missouri stage lies for the most
part below the valley level and is encumbered with a heavy deposit of glacial detritus, out , of which the valleys have b,een
excavated, and the hill topography of the inter stream belts, with
their 200 feet of relief, more or less, has been carved. At a
number of places a thin layer of sandstone has been found between the glacial drift and the shale or limestone of the Missouri stage, and this is considered by Professor Calvin as probably Cretaceous.1
The upper surface of the drift is thoroughly weathered and
is widely overspread with a few feet of loess. The broad val'Calvin. Samuel. Geology of Page County: Iowa GeoL Survey. voL 11, 1901,
p. 439.
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leys are filled with alluvium, in some localities to depths iof more
than 50 feet. The alluvium, especially near the top, consists
chiefly of fine-grained loesslike sediments, but it 3;lso includes
beds of sand and gravel.
UNDERGROUND WATER.
SOURCES.

The alluvial deposits are the most reliable source of water in
Page county. [T hey are very important, not only because they
occur ov'e r a considerable part of the county, but also because
they are available to the principal c,i ties and villages. They
furnish the public supplies at Clarinda, Shenandoah, and Essex,
the locomotive supplies for both the Wabash and the Chicago,
Burlington & Quincy Railroad companies, the hospital supplies
at Clarinda, the industrial and domestic supplies in essentially
all the valley towns, and the domestic and stock supplies on a
large number of farms.
.
The bulk lof the alluvium consists of clay and silt that will not
. yield water, and much of the rest consists of fine sand that gives
up its water slowly, but fortunately there also exist, commonly
at considerable· depths, beds of gravel, through which the water
percolates more freely. A large numoer of the private. wells
end in sand and provide only scanty supplies, but where:{the
demands are greater, as for public and industrial uses, the
gravel beds ar'a utilized, although even these are sharply limited
in their yield. It needs to be said, however, that the small
capacity of both private and public wells is, to a certain extent,
due to the chronic clogging of the screens by fine sediment· and
by precipitates from the water.
For domestic and stock purposes, driven wells are largely
employed. A pit is commonly dug nearly to the water level and
the pump cylinder is placed at the bottom, where it will be protected from fro.st. Many pits are sunk some depth below the
water level, so that the water rising in the driven wells overflows into the pit, fro:r;n which it is pumped. The manif€st advantage of such an arrangement is that a reserve of waterac-
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cumulates during the intervals that it is not drawn upon, and
hence water can at times be, pumped more rapidly than the rate
at which the well will yield. A serious disadvantage of such
an arrangement, or of any that establishes communication between the well and pit; is that the water is always in danger
of contamination, especially 'in the settlements, where cesspools
and privies are in common use.
In the upland areas, between the streams, the ground-water
conditions are more precarious. The drift contains beds of
sand and gravel, but if these lie above the valley level then they
have been drained of their water wherever they are widely
distributed and are freely porous. If the drill or auger penetrates to the valley levei it may perhaps discover a stratum of
drift sand or of Cretaceous sandstone filled with water, but
it is more likely to encounter the shale and limestone of
the Mis,souri stag~, which is an unpromising source of water,
as to both quantity and quality. The imperfectly porous parts
of the drift, such as are commonly found in the uncompacted
upper portion, do not readily lose their water by leakage into
the valleys, and hence it is that in spite of their meager
yield they are relied upon for supplies on most of the upland
farms. Many of the shallow wells in the hilly areas are in
large ravines, where the prospects of procuring sufficient seep·
agb are better than on valley sides or hilltops.
SPRINGS.

The leakage from the sandy and gravelly seams in ,the drift
produces num,erous springs, some of which are found in the
small~r draws well toward the tops of the divides. The water
fro;m the drift, especially from its upper part, is, like that from
the alluvium, of good quality except that it is hard.
'CITY AND VILLAGE SUPPLms.

Clarinda.-The, public supply at Clarinda (population, 2,832),
is drawn from five six-inch wells, all ,of which are situated in
the valley and end with screens in a nine-foot bed of gravel that
lies below about 50 to ' 60 feet of clay and sand and rests upon
shale. The water is hard but otherwise good. It rises within
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about 20 to 30 feet of the surface, and the wells will furnish
an average of about 50 gallons a minute each. It is reported
that ~ither of. the two wells at the Lee electric light plant, situated 75 feet apart, will yield 100,000 gallons in 24 hours, but
that together they will. yield only 130,000 gallons. The aquifer
seems to be entirely reliable and not to be affected by dry seasons, but the wells deteriorate rapidly and must be renewed
every few years. A syste~ of small driven wells, previously
used for the public supply, was not satisfactory.
The water is pumped by the Electric Light Company into a
standpipe, from which it is 'carried to the consumers by gravity.
About 175,000 gallons are used daily.
At the State Hospital for the Insane three six-inch wells start
from slightly higher ground than the city wells and go to a
depth of 77 feet, evidently ending in the same bed of gravel below alluvial clay and sand above Carboniferous shale. The
gravel is here said to be a little ,o ver soeven feet thick. The
three wells are reported to have a maximum capacity of 106,000
gallons, 96,000 gallons, and over 100,000 gallons, respectively, in
24 hours. The average daily consumption is about 110,000 gallons. 'T he water is consider~d excellent for drinking and for
general domestic use and serves v,e ry well for boilers, though
it is somewhat hard.
A boring at Clarinda was carried to a depth of 1,002 feet in
search of coal. Water flowed from the boring for a short time
during the pI'logress of the work. The driller's log, which
seems to have been carefully kept, contains 40 entries, including records of shale of various kinds, limestone, marl, and coal.
The drill seems to havle passed from the Missouri stage into
the Des Moines at about 700 feet, but apparently did IliOt reach
the Mississippian.
An accurate and detailed log (109 entries) of a diamond drill
hole at Clarinda, 840 £eet deep, is published by the Iowa Geological Burvey.l From this log Btnd an inspection of the core,
Leonard places the base of the Missouri stage at about 715
feet.
'Iowa Geol . Survey, vol. 12, pp. 211-81.
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The driller's log first mentioned is givlen below:
DriHer's 'log

01

coaJ llrosllect at aJarinda.

l

Thlckness. j Depth.

OIay and gravel _________________________________________ _
Shale, with thin streaks of rock __________________________________ _
Shale, brittle _______________________________________ _
Marl, black ____________________________________________ _
Shale, black __________________________________________ ___ _
Sbale, blue ______________________________________ _
. Limestone _____________________________________________ _
Shale, light ___________________________________________ _
Limestone, very hard ____ ------------------_____________ "
Soapstone,
changing to shale _______________________________________
Shale -----------------------------------.....
---------------.....--_
Limestone ___________________ ___________________ _
Sbale, black ________________________________________ _
Marl, red __________________________________________ _
Soapstone, Impure, red _______________________________________ _
Shale, blue ______________________________________________ _
Limestone _____________________________________________ _
Shale ___________________________________________ _
Shale ________________________________________________________ _
Stone, dark colored ________________________________________ _
Shale ______________________________________
Ooal, Impure ____________________________________________ _
Limestone _________________________________________ _
Rock and shale __________________________________________ _
Ooal ______________________________________________ _
Shale _________________________________________________ _
Sbale __________________________________________________ _
Shale and ' coal ______________________________________ _
Sbale _________________________________________ _
Shale _________________________________________________ _
Ooal ____________________________________________ _
Limestone ______________________________________...;._
Shale, black and blue _________________________________ _
Slate,
grayshale
_________________________________________
_~------------------------------- ____ _ _
Slate and
Shale, white ____________________________________ _
Shale _______________________________________ _
~

~--

''DrIft'' ________________________________________ _

Shale, blue and black _______________________________ _
Soapstone ______________________________________ _

Feet

Feet
60

60
20
5
20
5

60
100
120
1.25
145
160

5

156

15
25
20

170
196

85

800

215

20
20
4

820

86
120

880
600

840
844

20

520

10

692
620
680

'12
28

80
8
11
21

5
6
10

9

660

668
679
700

706
'110

720

729

M
·
5

740
820

5
20

880
860

85
5
5
41

4

48
14

825

885
890
895

986
940
988

t.,OO!

Ooin.-The Charles Schick well at Coin (population, 591), a
prospect hole for gas and coal, has a depth of 888 feet, casing
from 800 feet to bottom. Salty water is said to flow from well.
Below a depth of 62 feet the rocks penetrated probably belong
to the Pennsylva~ian series.
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Ooin.

I

Thickness.

I

Depth.

,
.
Feet
Feet (5
Material containing" wood, at ________________________________
_______
Gravel ______________________________________________
2
e2
Limestone, very hard _____________________________________
2
M
Limestone and black shale, alternating every 2 to 4 feet __________________________________ _
Oavln& rock and water, at ________________________________ __________
190
Shale aDd coal blossom ___________________________________
12
217
Limestone ____________________________________________
8
225
Ooal ______________________________________________
2
227
Shale and limestone, alternating every 2 to 4 feet _________________
153
3BO
Shale, black, tarry _____________________________________
4,
38(
Shale, etc.: rapid alternations ______________________________________
(li6
sro
Ooal and slate ______________________ _________.___________________
9
849
Stopped
drlllln&
to case well
on account of caving; casing broken and toolB _______
lost; well
abandoned,
at _________________________________
888
~______

Ess,ex.":"The public supply at Essex (population, 776), as at
Clarinda and Shenandoah, is drawn from alluvial graveL A
six-inch well passes through 40 feet of clay and sand and ends
with a six-foot strainer in a bed of gravel from which the water
rises to a level 12 feet below the surface. According to estimates made the maximum yield does not greatly exceed 20 gallons a minute. The water is reported somewhat hard but other- '
wise good. It is stored in two compression tanks, from which
it is delivered by air pressure through over a mile of mains to
12 fire hydrants and 41 taps. It is used by perhaps one-fifth ,'
of the people, who consume approximately 4,000 gallons daily.
Shenandoah.-The city waterworks at Shenandoah (population, 4,976) are supplied from one 10-inch and six six-inch wells,
which pass through about 45 feet of alluvial clay and sand and
end with screens in a bed of gravel. The .water level fluctuates
somewhat but is commonly about 16 feet below the surface..
The casings of the seven wells are connected with a pump placed
in a pit approximately at water level, and this pump draws by
suction ·from all the wells simultaneously at the rate of about
200 gallons a minute, which approaches the maximum capacity
of the system. It is probable that ,this small yi~ld is largely
due to the deterioration of the six-inch wells, which have been
in service for a period of years. Before the wells at present
in use were put down, a series of small driven wells was used.
The water is pumped into a standpipe from which it is dis- .
tributed through 9 or 10 miles of mains to a large number
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of fire hydrants and taps. It is extensively utilized for domestic
purposes and is also used in thl:l locomotives on the Wabash
Railroad. The total daily consumption is about 125,000 gallons.
The well of M. W. Smith in the NW. 1;4 sec. 21, T. 69 N., R.
39 W., is 710 feet deep and four .to two inches in diameter. It
is cased to rock. The curb is 1,024 feet above sea level and the
head is above the curb. The flow is now 1,000 gallons a day,
but was greater, the yield having diminished. The water is
salty and is used for stock.. The well was completed in 1887.
POTTAWATTAMIE COUNTY.

BY O. E. MEINZER AND W. H. NORTON.

TOPOGRAPHY.

Most of Pottawattamie county consists of an upland carved
by stream erosion into innumerable steep hills and ravines, but
Missouri river, which forms the west boundary of the county,
and Nishnabotna river and other affluent streams, which cross
the county in a southwest direction, occupy wide valleys
whose broad, flat, monotonous bottoms are in striking contrast
to the rugged topography of the uplands.
GEOLoGy.

The region is underlain by Pennsylvanian strata, consisting
chiefly of shales and limestones that outcrop at several localities but are commonly buried under 100 to 200 feet of unconsolidated materials of Pleistocene and more recent age. At a
few points in the eastern part of the county a Oretaceous formation, mainly sandstone, has been found in exposures and wells1
between the Pennsylvanian and Pleistocene series. On the up:'
lands the Pleistocene consists in downward succession of loess,
yellow clay some,w hat resembling loess, Kansan drift, Mtonian
'Udden, J : A., Geology of Pottawattamie County; Ann. Rept. Iowa Geol. Survey, vol. 11, 1901, p. 233 et seq.
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gravels, and Nebraskan drift. The numerous wide valleys all .
contain thick deposits of alluvium.
The deep geology of the western part of the county, near
Council Bluffs and Omaha, Nebraska, has been almost entirely
unknown. A very few samples of the drillings of the deep well
• of the Willow Springs distillery at Omaha, examined by Norton
in 1896, showed that a magnesian limestone series begins about
1,055 feet from the surface, or about sea level, and continues
thence to the bottom of the boring at a depth of 1,780 feet, interrupted, so far as shown by the samples, only by a thin shale at
1,250 feet and a white sandstone at 1,430 feet. The logs of
several wells at Council Bluffs and Omaha are on record but
are vague and contradictory. The great depth of the Pennsylvanian in southwestern Iowa has led to a belief that at Council
Bluffs, as at places farther to the ,e ast and south, the Coal
:'M easures might well extend down to sea level.
:' . The drillings at Miller Park, Omaha, and at Fort Crook (see
pp. 1172-1176) agree in testifying that at 'about 550 feet above
:sea level there begins a series of limestones and cherts, 500 feet
thick, containing in many places milk-white translucent chalcedony. In view of its nature and its th~ckness this series can
hardly be attributed to any higher terr~ne than the Mississip,pian. At least this hypothesis seems pr,e.ferable to the hypoth~
esis that the Des Moines stage changes from clay shales to limestones of Mississippian facies on nearing Missouri river at this
latitude.
Appar,ently, then, ' there is in this area a rather sharp upwarp
that brings the Mississippian floor of the Coal Measures 650
feet higher at Omaha than at Glenwood, 18 miles to the south,east, so that they have a dip of 36 feet to the mile. The southward dip is corroborated by the testimony of we~l drillers, who
.report a much greater dip. '
~ The heavy shales of the Kinderhook stage, which are regarded
as the base of the Mississippian at Glenwood, are absent at
Omaha and Council Bluffs, so that it" is difficult ' to draw any
line of separation between the Mississippian and the Devonian,
and· it is quite ' possible that more or less of the limestones as-
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signed to the former really belong to the latter. The thickness
of the Mississippian is not excessive, for at Glenwood it measmes somewhat more than 400 feet. At Logan, ·also, farther
north, where it should be thinner, the Mississippian extends
from at least 478 feet above sea level to 212 feet abov'e sea level,
giving a minimum thickness of 266 feet. The Mississippian at ·
Logan, however, may begin 150 fe,e t higher up, there being a
gap in the record; moreover, its lower limit does not seem to
have been attained.
At about 50 feet above sea level at Fort Crook a serles of
At 70 feet above sea level at
dolomitic limestones begins.
Miller Park, Omaha, dolomites are first encountered, although
limestones, more or less magnesian, are found 100 feet higher.
These magnesian limestones and dolomites are the uppermost
beds of a thick series of rocks that are widely spread over
western Iowa and eastern Nebraska. They probably represent
different formations, but in the absence of fossils any identification or even demarcation seems impossible. In exception, it
may be noted that a thick body of magnesian limestone and
dolomite occurring at Glenwood and at Bedford wen up toward
the 'srummit of the series may be referred with some confidence to the Salina (V) formation of the Silurian, ~m account
of its content of gypsum and anhydrite. In the Council Bluffs
section these minerals are absent, and the upper beds may be
assigned to the Silurian solely on account of their place in the
serIes.
At Fort Crook the magnesian series is interrupted by limestones of slight magnesian content from 1,070 to 1,125 feet. At
1,220 feet (150 feet below sea level) occurs a hard, bright green
shale interbedded with dolomite, the whole being 30 feet thick.
All limestones below this shale are thoroughly dolomitized. At
1,340 feet (270 feet below sea level) they are slightly arenaceous. At the Willow Springs distillery, Omaha, a white sandstone occurs about 400 feet below this. At Miller Park, Omaha,
a red arenaceous shale with thin layers of sandstone intervenes
at 75 feet below sea level. This may represent the hard green
shale found in the Fort Crook well at 150 feet below sea level.

•
•

UNDERGROUND WATERS OF THE SOUTHWEST DISTRICT

1163

The formation to which the dolomites below the green and
red shales belong is quite uncertain. In facies they resemble
the dolomites of the Prairie du Chien stage except in their ge:r;teraly non-arenaceous nature. But the Silurian dolomites ' at
Bedford are of great thlckness. The drill was still in them at
2,400 feet, which would give them a minimum thickness of 575
feet. There seem, therefore, to be no data by which the lower
limit of the Silurian dolomites at Council Bluffs can be drawn.
It would not be inconsistent with some of the data to refer ' .
the bright green and ' the red sandy shales found from. 75 to 150
feet below sea level to the base of the Platteville. This would
imply an upwarp of the lower Paleozoic in the Council Bluffs
area of far gre~ter steepness than any known in the state. It
would corre~pon<;l with the already inferred upwarp of the Mississippian floor of th~ Coal Measures, but it would be 'considerably steeper, lifting the Saint Peter about 1,000 feet higher
than the general stratigraphy would indicate. At Lincoln, Nebraska, where the Saint Peter is fairly wen identified in the
State well, it occurs nearly 900 'f eet below the summit of the
magnesian limest~nes, and if the green shale at Fort Crook at
150 feet below sea level ~arks the top of the Saint Peter, it
occurs at but 100 feet (or at most at but 200 fee,t ) below the
same datum, although the Mississippian has thinned out to the
west from Omaha to Lincoln. For this reason it would seem
somewhat more probable that the Saint Peter lie·s below. the
lowest terrapes pierced by the Omaha wells.
UNDERGROUND WATER.

soURcEs.
Water is found in (1) the alluvium; (2) the loess, drift, and
associat,ed deposits; (3) the Cretaceous deposits, and (4) the
lower formations.
In the lowland tracts water can be secured from alluvial sand
or gravel in sufficient quantities for all ordinary purposes.
When not polluted this water is of good quality, though it contains rather large amounts of calcium and magnesium. Driven
wells are in common use and the water rises nearly or quite to
the surface.

1164

UNDERGROUND WATER

R~SOURCES

OF IOWA

Two 12-inch wells drilled in the Missouri valley at Council
Bluffs for the Chicago & North Western Railway have the follo~g section:
Section of Ohicago and North W estern Railway w ells at Oouncil Bluffs.

I

ThiCkness . ]

Clay.
Mud,
. Sand,
Sand,
Sand,

r

soft, yellow _____________________________________________________________ .
soft, gray _________________________________________________ _____________ _
soft, gray, muddy ___________________ .._________________________________ _
gray ___________ _______________________ _____________ .!'____________________ _
coarse. and gravel _________________________ __________ __________________ _

Feet

24
20
20

16
16

Depth.
Feet
24

44
64
SO
96

These wells were finished with 10-inch screens in the basal
sand and gravel from which the water rose within 10 feet of
the surface, and was lowered 15 feet 4 inches by pumping 300
gallons a minute for nine hours.
The ioess and the upper part of the bowlder clay are slightly
porous and contribute a slow seepage to dug or bored wells
sunk below the ground-water level. Beds of sand and gravel
are numerous. The· Aftonian gravel appears to be widely distributed, and in some places attains considerable thickness.
Along the cliffs north of Council Bluffs, where it is especially
well developed, it gives rise to numerous good springs. According to Andrew Graham, Park Commissioner, 31 springs in
this vicinity, presumably all issuing from the Aftonian, together
yield 1,250,000 gallons a day. Sand and gravel also occur in
certain localities between .the .drift and the bedrock.
Most of the water in the numerous sand and gravel deposits
is not under much pressure arid generally does not flow readily
into drilled wells of small diameter, though it may constitute a
very satisfactory source for large bored wells. The difficulty
with many of the bored wells is that they fail to reach water
because well augers can not bore into gravels that are firmly
cemented, as they are in many places. In seeking municipal,
industrial, or stock supplies in the upland regions, explorations
should if necessary be carried to the Pennsylvanian strata,
which can easily be recognized.
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The conditions found in drilling. in Fairmont Park, on the
loess-covered uplands at Council Bluffs, may be regarded as
typical. The first hole was sunk through 125 feet of loess and
bowlder clay, two feet of yellow sand, and finally through about
13 feet of ~ed or yellow rock, stopping at 140 .feet (about at the
valley level) without water. The second hole was started on
ground about 20 feet lower than the first and was carried
through about 100 feet of loess and bowlder clay, two feet of
gravel, eight feet of red or yellow rock, and' 155 feet of rock,
.consisting of alternating shale and limestone strata. Finally,
at a- depth of 265 feet, it was abandoned, for it did not find suffi.cient water to supply a well of small diameter, although in the
first 100 feet there were seeps that would probably have sufficed for a well of large diameter. The third hole was started
{In ground perhaps 110 f.eet higher than the first and was sunk
to a ,depth of 280 feet. Near the bottom the drill passed through
two feet of brown sandstone, 10 or 15 feet of yellow clay, and.
three feet of clean white sand and gravel, ending in a few feet
{If red or yellow rock. The water from the sand and gravel
Tose about 40 feet in the well, and with the cylinder' at the bottom it can be pumped at about six gallons a minute. It is ap'parently of good quality. A fourth hole encountered six feet
-of sandstone instead of two, and four and one-half feet of gravel
instead of three; its maximum yield is ,e ight gallons a minute
instead of six.
Locally, the Cretaceous sandstone will yield freely, but it is
'so generally' absent that for the county as a whole it is not of
much consequence.
The deep beds, which have been tapped by a number of wells
in Council Bluffs and Omaha, yield moderate amounts of water
rich in sodium sulphate .. Between them and the water-bearing
beds that are nearer th~ surface lie several hundred feet of
Pennsylvanian strata, which are unpromising as a source of
water, although a few wells seem to draw from them.
The thick body of limestones referred to the Mississippian
carries artesian water at :s everal levels. In the Missouri valley
.at Council Bluffs small flows may be expected at depths between
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620 and 740 .feet and stronger flows between 800 and 815 feet
(245 to 235 feet above sea level).
The magnesian limestones and dolomites referred to the
Silurian (often called sand rock in drillers' logs because of the
sharp sparkling crystalline sand.·to which they are crushed 'by
the drill) are tapped by most of the artesian wells of the area.
Water is found in them at 950 to 1150 feet below the Missouri
.bottoms at Council Bluffs.
Other water is found in deeper dolomites refer!"led with great
uncertainty to the Silurian. Like the water from the Silurian
dolomites at Bedford, these deeper waters are highly mineralized. These beds are the source of the main water at Fort
Crook (1,560-1,580 feet) and were tapped also at Willow
Springs Distillery (1,600-1,700 feet).
CITY AND VILLAGE SUPPLIES.

Avoca.-The public supply at Avoca (population, 1,520) is
derived from four five-inch driven wells which stand 30 feet
apart on 'the Nishnabotna bottoms and end at a depth of 28 feet
with six-foot screens in a 13-foot bed of sand and gravel, from
which the water rises within a few feet of the Isurface. . The
combined yield of the four wells was roughly estimated at 250
gallons a minute. The water is hard and the screens become incrusted in about two years. Befor,e the present wells were put
down a less successful system of small sand points was used.
The -water is pumped by the Electric Light Company into
standpipe and is delivered through about 41j2 miles of mains to
approximately 100 buildings. It . is used by one-third of the
people and 25,000 gallons are daily consumed. Water for the
boilers at the electric light plant and mill is drawn from the
river; that for the railway locomotives is taken from a large
dug well on the river bank; that for the boiler at the brick yard
is drawn from rain water stored in a: cistern, and that for the
canning f.actory is taken from a well similar to the village wells.
C~rson.-Carson (population, 640) is located at a place where
the Nishnabotna valley is greatly constricted, apparently owing
to outcropping bedrock. The waterworks, which are in private .
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ownership, draw from a dug well about six feet in 'diameter and
40 feet deep that extends largely through fine sand from which
the water is with difficulty separated. The yield is between 10
and 15 gallons a minute. The supply is pumped by water
p.ower into a small tank on high ground ·and distJ;ibuted by
gravity through a system of mains with limited service. The
railway locomotives are supplied from a well that is similar to .
that at the waterworks.
Council Bluffs.-Water at Council Bluffs (population, 29,292)
is obtained from four distinct sources: ' (1) Missouri river,
which supplies the public waterworks and most of the railway
companies, .and furnishes the most satisfactory boiler water;
(2) alluvial sand and gravel, which in the valley yields generous
quantities of hard water that is widely used for a variety of
purposes; (3) loess and drift materials, which on the uplands
furnish meager supplies of good water that must generally be
lifted from near the bottoms of the wells, as at Fairmont Park;
and (4) rock fornl.ationsat greater depths, which provide
moderate amounts of sodium-sulphate water that in some cases
rises above the valley level. The deep water is used at the
State School for the Deaf and at several industrial establishments, but it is avoided for locomotive boilers.
For the public supply the water is lifted from the riv<er by a
centrifugal pump into sedimentation basins and thence elevated by duplex pumps into a storage reservoir, from which it
is distributed by gravity. The system consists of about 34
miles· of mains with 288 fire hydrants and 4,500 . service connections. The water is widely used by the ' people and by the
railway companies, and approximately 2,500,000 gallons are
consumed daily.
Well No. 1 of the School for the Deaf is 1,012 feet deep and
3 inches in diameter. The curb is 1,010 feet above sea level.
The original head was 50 feet above curb, but the. present head
is only 10 feet above. The original discharge was 50 to 60
gallons a minute; the discharge in 1889 was 11 gallons a minute;
the discharge in 1908 was three gallons a minute and the present
pumping capa<;ity is 15 gallons a minute. The well was com-
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pleted in 1885. In 1894 several hundred feet of new casing
was inserted, with the effect of temporarily increasing the flow.
This well now flows into an artificial pond and furnishes' auxiliary supply for fire protection.
R ecord of strata of weH No.1 at School for the D eaf , Oouncil Bluffs. a

I

Thickness Depth

Shale,
Shale,
Shale,
Sbale,
Shale,
Shale,
Shale,
Shale,

red, calcareous _____ __ __ "_____________________ ..___ __ ________________ --------lavender-colored, noncareareous ___________________ ___________ ~------bluish, calcareous; some small chips of limestone_____________ _____ __ ___ _
dark gray, fine-grained', slightly micaceous, noncalcareous ____ _________ _
blue, tough, calcareous ____________________________________ ___ __________ _
blue, calcareous; some chips of limestone_____ __ _______ _____ _________ ___ ___ ~
light gray
to green,
pyritiferous;
a few chips of limestone _________ ____•_ .
_________________________________________________
reddish
brown,
calcareous
Shale, (lull red, siliceous. noncalcareous; 2 samples _____________ _____ ________ _
Shale, blue-gray, very weakly calcareous; 2 samples ____________________________ _
Sandstone,
white, transparent; quartz
grains rather sharp;
some
calcareous_
particles ____________________________
______________________
__ ____ __
_______________
Limestone , white; much quartz sand_____________________________________________ _
Shale, greenish; some fragments of limestone; calcareous, slightly pyritlferous
Sandstone,
1lne, calciferous
-------------Limestone , dark,
mixed with---------------------------------------some shale and sand ____________ ~ __________
______ _
Sandstone, very 1lne; some calcareous grains __________________________________ _
Shale, green-gray, slightly calcareous _______ c_______________ ________ __ __________ _

Feet

Feet

280
10
35
25

5
45
70
1IIl
100
00
55
15
50
20
30
60
60

28(1'

290
825

350
355

400

470
500
'lOO
600

745
760
810
830
860
920

980

a FroID, descriptions of dr!llings by J. A. Udden and by a member of Iowa Geological SurveJ.

Well No. 2 at the School for the Deaf has a depth of 1,080
or 1,100 feet and a diameter of 61;4 inches to 482 feet, 5lj2 inches
to 618 'f eet, and 4 inches to bottom. The casing is 4-inch pipe
to 182 feet. The original dis'charge was 40 gallons a .minute;
discharge in 1908, 6 gallons; pumping capacity, 30 gallons a
minute. Date of completion, 1889. The well is pumped and
furnishes 35,000 gallons a day.
Log of well No.2, School for the Deaf, Oouncil Bluffs.

--I Thickness I Depth
Surface material ____________ ___•______________________ _______ _____ _____ ____________ _
Shale __________________________ _____________________________________________________ _
Sand ________________________________________________________________________________ _
Limestone __________________________________________________________ ________________ _
Sb a Ie _____________ ______________________________ .. _________________________________ _
Limestone _________ "________________________________________________________________ _
Sandstone _________________________________________________________________________ _
Limestone _________________________________________________________________________ __
Sandstone ________________________________________ ________________________________ _
Shale __________________________________________________________________________ _____ _
Sandstone ___________ _____________________ __ , ________ -_________ __ --_________ -_____ __ _

Feet

Feet
90

300

80
100

250

100

40
50
30
85
25

90
300
470
570
820
920
96(}

1,010'
1,040
1 075
1:100
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The Geisse Brewery well is 1,114 feet deep and nine to three
inches in diameter. The curb is 1,047 feet above sea level and
the' original head was 55 feet above curb. The original discharge was 175 gallons a minute. The water comes from limestone. Date of completion, 1886 ( ¥) .
The well of the Ohicago, Milwaukee & St. Paul Railway, at
the roundhouse, is reported to be -750 or 860' feet deep. The
curb is 980 feet above sea level and the present discharge '3%
gallons a minute. A gradual lessening of flow has been noted.
No pumps are used. Driller, W. H. Gray & Brother, Ohicago.
Driller's log of well of Ohicago, Milwaukee

ana

St_ Paul Railway.

Drift ______

~

r l 'hickness ( Dell,th
____________________________________________________________ _

Limestone ____.:.. ________________________________________________________ _
Shale ________________________________________________________________ _
Sandstone ____________________________________________________________ _

Feet

70
100
480
100

Feet

70
170
650
750

. The J. G. Woodward & 09mpany candy factory well was 830
feet deep. It obtained a flow of 15 gallons a minute from water
bed at 725 feet, which had decreased to 5 gallons a minute by
1904. The well was deepened in 1904 to 847 112 ,feet and the
flow increased_ to 12 gallons a minute. Water at present is
pumped at the rate of 60 gallons a minute with cylinder 140
feet below surface. Date of completion, 1901.
The Bloomer Ice & Oold Storage Oompany well is 1,280 feet
deep and 12 to 8 inches in diameter. The head is 80 feet above
curb. A slight flow of ferruginous water at 700 feet was cased
out, the main flow coming from 1,000 to 1,100 feet. The original discharge was 105 gallons a minute; the discharge in 1909
was 75 gallons a minute; the temperature was 62° F. The well
was completed in 1906 at a cost of $5,500, by L. E. Nebergall,
of Omaha.
The owner of the well states (from inemory) that limestone
was struck at 95 feet, bene~th three or four feet of blue shale.
A coal se'a m two or three inches thick was found at about 700
feet, with shale above and below it, and a very coarse conglomer74
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ate gravel with flattened pebbles at ab.o ut 1,100 feet. From 1,150
feet to the bottom the well is in limestone.
Omaha, Nebraska,' OInd· adjoinifng' towns.-Some assistance
.i n the interpretation of the difficult section at Council Bluffs is
afforded by records of. wells at Omaha, Lane, and Fort Crook,
Nebraska. These records were collected by James H. Lees,
Assistant State Geologist of the Iowa Geological Survey, and
by correspondence~
Driner's log of Riverview Park well at Omaha, Nebraska.

IThickness IDepth
Feet 9. Feet9.
Drift ______________________________________________ __ ____________________ ____
Limestone _______________________________________ __________________________________
70
16'
Shale ______________________________________________________ _______________________
10
17.
Limestone ____________________ ________________________________________________
86
260
Caving shale; streaks of limestone _____ ____ ___________ __________________ ________ _
87
8"
Limestone __________________________________________________ ______
.s
895
~trfrJ.~ r~e and shale, caving badly, at ______ ., __________________________ ~ ---- - -----~
o
Lr~e~~n~ :heale _=-..:=:::::==:=:::::::::=::::::::::~:::::::::::::::::::::::::::: ---------41610
San rly shale, caving badly in places _______________________________ .___________ __
132
7~
Limestone _______________________________________________________________ ._______
108
850
Shale, caving considerably ________________ ___________________________ _____________ '149
999
Limestone, _________________________________________________________________________
with streaks of shale caving badly___ ____ _________ _______ _____________
101
1,100
Limestone
58
1;158
72
\.230
Sandstone _________________________________________________'___________ _______________
Shale streak, at. _____ ________ __________ ____________ __ _____________________ ____________
1,233
Limestone; streaks of shale _____________________ ____________________,____________ --_
147
1,380
~_ ________

Log of Young Men'S' Ohristian .Association well, Omaha, Nebraska.
[Elevation of curb, 1,070 feet above sea leveL)

.

I

I

Thickness Depth

Earth ___ _________________________________________________ ____ ______________________ _
Limestone ________________________________________________________ _________________ •
Shale, red and black _________________________________________ ____________ _- ________ _
Limestone _________________ ____ ________________ _____________________________________ _

I,

Feet

~~~~st:~:c~_:::::::::::::::::::::::::::::::~:::::::::::~:::::::::::::::::::::=::::::
Shale and 1I.mestone _________________________________________ ______________________ _

Limestone ___ ___________________ _____ _________________ __ ____ ____________________ _
Sandstone ___________________ _______________________________________________________ _

Feet

102

102 '

198

800

200

500

20
60

620

670

170

740

50

790

284
60

l,00'4
1,13'

Log 6f Booth Fisheries Oompany's well, Omaha, Nebraska,
[Elevation of curb, 1,045 feet above sea)eveL)

I

Depth

~:y~ ~~~, c~~~ck-~lii(;roCk-:::::::::::::::~:::::::::::::::::;::::::::::::::::::::::::::::::::::
13edrock ___________________
________________________________ _
~ ------------------------------------

Shale _________ __ __________________________________ ________ ---___________ ________________________ _
Limestone and shale _________________ _______________________ __________ _______________ __________ _
Shale ______________________________________________________ ---------------_______________________ _
~

Feet
40

60
61
78-88
93
OS
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DISTRICT

Log of Booth Fisheries .company's well-Continued.

Shale; trace of red rock ___________________________ ________________________________ ___________ _ Feet
115
Olay, blue; trace of red rock _____________________ .:____________________________________________ _
125
Rock ___________________________________________________________________ __________________________ _
130
Limestone, 180 and ___________ _________________________________________________________________ _
200
Clay, blue ______________________________________________________________ ______________________ _
210
Shale, red, 260 and _____________________ __ ______ ________________________ ____ __________________ _
280
Clay, blue, 290 and __________________________________________________________________________ _
315
Shale, gray _______________________________________________________ _________________________ _
370
Shale, red _______________________________________________________________ _______ _____________ _
~

~

3SO
410

~~:l:'
Shale, ~~~_~_~~_:~~=:._~~_~~_~_~==~===~=~=~=__===~=======================================
reddish _______________________________________________________________ _________________ _
Rock _________________________________________________________ ________ ________ __________ _______ _

412

420

428
440

Shale, red, and clay _______________________________________________ __ _______________ _
Shale, gray _______________________________ ,---_________________________________________________ _
Limestone _____________________________________________________________________________________ _
Limestone and clay; a small overflow _________________________________________________________ _
More water _______________________________________ ______ ________ _________________________ ________ _
Limestone ______________________________________________________________________________________ _
Limestone; more water ____ ____________________________________________________________________ _
Through limestone; more water _______________________________________________________________ _
Shale; flow 46 gallons a minute ___ ____ ____ ____ ________ _________ ____ __ ______________ __________ _
.Llmestone , milky _________ ---- -___________ ------------------ ---- ---____________________________ _
Bad cave ______________________________________________________ ------- ------------___________ _
Limestone, hard; water somewhat milky; 60 gallons a minute_____________________ __ ______ _
.Hard rock; 67 gallons a minute _______________________________________________________________ _
Bottom of well (flow of 110 gallons a minute)______________________________________ ______ _

520
550
620
740
792

605
812

815
850

950
970
1,047
1,094

Log of Union Pacifio Railway well, Lane, Nebraska.
[Curb, 1,091 feet ahove sea leve!.)

I

Thickness

Clay, sandy _______________________ ___________________ ____ ________ ------------_____ _
Sand ____________________________________________________ ._-------------------______ _
Shale, blue _________________________ ____ ______ __________ _________ --------------_____ _
Limestone ______________________________________________________ --- ____ ___________ _
Shale, black ______________________________________________________ -------__________ _
Limestone ______________________________________________ _______ _----_____________ _

t~~:sione-=============================================:==========================

Feet

Feet
105
150

2

200
202

15

~~~~~~~~: =============================================:==========================~

4
7

Shale ____________ _____________ _________ ____ _______ _________ ----_____ ________________ _
Limestone _______________________________________________ .______ ----_____________ _
Shale ___________________________ ~ -- ---- ------------------- - ---- ---- -------- ______ ~_
Limestone ___________________________ __ __________________ .______ -----_____________ _
Shale _________________________________ - ---- ---- -- -- ---- --.--------________________ _
Limestone ______________________________________________________ --__________________ _
Shale ______________________________________________________ --------________________ _
Limestone ____________________________ _________________________ -------_____________ _
Shale ___ ____ __ _________________ ____________________________ ------_________________ _
Limestone ___________________________________ ___________________ --________________ _
Shale ___________________________________________________ .__ --_____________________ _
Limestone ________________________________________________________________________ _
Shale ______________________________________________________ ---------_______________ _
Limestone ______________________________________________________ -----_______________ _
Shale, blue ________________________ _________-- _____ -- -- ------ -- ____ -_______________ _
Limestone __________________________________________________________________________ _
Shale ______________________________________________________ ---____ _______________ _
Sandstone _____________________________ : _________ _______________________________ _
Shale ___________________________________ ___________________---_______________________ _
Sandstone __________ : ___________ _________ _________ _____________________ __ ________ _
Shale ________________________________________________ _____ _------ ____________________ _
Sandstone ___________________________ ______________ _________________________ ________ _
Limestone ________________________________________________________________________ _
Sandstone _____________________________ ___ _____ ________ _____________________________ _
Limestone _________________________________________ ____ ______ __________ __________ _
Sandstone ___________________________________________
Limestone ______________________________________________ ___________________________ _
~

~

J

__________ ____________ _ _______ _

. ~~~~~t;~:~~-==::==:==::::=::::==========::==::=::=========:=:::::::::::::=:::=:::==1

Depth

110
!
53
45
IS
20
2

Shale ___ ___ _____________________________________________ __--------_________________ _
Limestone _____ ____ ________________________________ _____________ ---- ________________ _
~

I

48

159

295
10
10

15
10

6
146

50
62

168

188
185

250
254
261
420

715

725

735

750

760
766

8

912
920
946

4
41
9
318

950
991
1,000

33
7

1,418
1,425
1,438
1,443
1,452
1,468
1,480

26

67

8

10
9

16

12
90

12

8
18

104

1,318
1,385

1,570
1,582
1,590
1,608

1,712

1,724
1,829
-'-----'--12

105
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01

strata

01

deep

wen

at Fort Oroo'k.

[Furnished by Frank PhUUps. Government engineer.]

I

Thickness 1Deptb

Unrecorded ______________________________________ .:.. ___________________ _
Sand, coallio __________________________________________ _
Sand;
up to
Inch diameter; pebbles of quartzite, green-_
.tone,Kl'uel
Kl'anlte,
etc.three-fourtbs
_________________________________________
Till, blue; small pebbles, some of coal; facies of Kansan drlft ______________ _
Gravel; up to 1 Incb diameter; well rounded; cuttings of gray crystalline limestone; rapid effervescence ' In cold dilute bydrocbloric acld. ___________ .;.._
Limestone; as above, some grayisb white fosslJlferous cuttings_____________ _
rapid effervescence; subcrystalline; Fusulina_
Limestone,
yellow·gray;
cylindrlca light
______
-'-____________________________________________
Limestone, Kl'ay-whlte; In small chips ________________________________ _
Limestone, blue-gray, soft; eartby; large Irregular eblps, fossillferous; crinoid stems and jOints and Fusulina cylindric a; some sbale _____________ _
Limestone; gray. subcrystalline, encrlnital; some green sbale_______________ _
hard, fossiliferous; rapid effervescence______________ __
Limestone,
green-gray,
Shale,
black,
fissile ________________________________________
Limestone. grayish wblte, encrlnital; In flaky cblps____________________ _
Shale,
blacklight
-----------------------------------------------------Limestone,
Kl'ay, eart'hy; some black shale from above. _______________ _
Limestone, wblte, fossiliferous; In large flaky chips; some blue shale_________ _
Shale, green, smallirparticles of white limestone ____________________________ _
Limestone, gray and white, soft, earthy_____________________________ _
Limestone, blue-gray, fossiliferous, compact ___________________________ _
Shale, red, slightly 'calcareous _________________________________________ _
Sandstone,
blue-gray, fine-grained, micaceous, calCiferous, In cblps; some red_
shale ____________________________________________________________
Limestone, blue-gray, higbly argillaceous; some pyrltc____________________ _
twI __________________________________________
_
Limestone,
blue-gray; shale, black, reddish, and yellow; fragments of ProducLimestone, cream-colored, earthy; rapid etfervescence______________________ _
Limestone, Ugbt gray, earthy _________________________________________ _
Shale, black, coaly _________________________________________ _
Shale, light green, calcareous __________________________________ _
Shale, blue, calcareous, plastic ____________ ..: _________ -" ________________ _
Sandstone,
blue-gray, calcareous, micaceous, laminated, tine-grained; In_
cblps __ -'dark
___________________________________________________________
Limestone, light buff and gray; rapid effervescence; blue shale _______________ _
Shale, varicolored, blue, gray, yellow, red _______________________ _
Shale,
some coal; In thin flakes ______________________________________ _
gray,_______________________________________________
micaceous; grains minute and highly Irregular In_
Sandstone,
lightsand
shape; In tine
gray~

Limestone, sandstone, and shale; Umestone and sandstone In tine sand;, shale,
black,white
tisslle,_______________________________________
in flakes of some size and perhaps from -'-____________________
above _____________ __
Obert,
Ohert, white, and limestone; some sand and sbale ___________________________ _
Limestone,
l,ght buff and white; chert; some sand In drlllings\ rapid effer-_
vescence ______________________________________________________
Limestone, light buff and white; rapid effervescence; chert; some sand_______ _
LIJ?l.e~tone,
white and gray; rapid effervescence; some chert and chalce~onlc_
slllc]a _______________________________________________________________
Ohert and chalcedony; some Umestone, of rapid effervescence; S samples _______ _
Limestone, Ught gray; rapid effervescence, chalcedony and chert; all In tine
sand; ofallIrregular
samples and
below
the sandstone
at 500 contain more or less quartz_
sand
minute
grains ________________________________________
and
gray;
limestone,
light
gray;
limestone, In sand, chert in large_
Ohert,
white
eblP8 ________________________________________________________________
Limestone, white and light gray, compact; rapid effervescence; some cberL __ _
Limestone, light gray and white; some laminated, compact; rapid effervescence; some crystalline, darker; some cbert_____________________________ _
Limestone, white and ligbt gray, macrocrystalline, soft, fossiliferous _________ _
Limestone, compact, wbite, ratber soft; rapid effervescence; larger part of
water-wornfrom
cblpsabove
of shale
of various colors and some gray sandstone, both_
evidently
________________________________________________________
Limestone, wblte and ligbt gray; In small flaky cblps_______________________ _
Sandstone, light gray; grains diverse In size and Irregular In sbape; considerable wblte limestone; all In tine sand; 2 samples ______________________________ _
Shale, blue, plastiC ___________________________________________________________ _
Limestone, light gray; rapid effervescence; sample consists of limestone, some
Quartz sand and chert, and black shale and. pyrite; all in tine sand _______ _
Limestone, white, soft and dark gray, subcrystalline, bard; In flaky cblps ___ _
Limestone, ligbt gray, dense; In small angular cuttlngs _______________________ _
Limestone, ligbt gray; rapid effervescence; some cbert ______________________ _

Feet

65

Feet

4.

65
89

8
28

75
103

10
'2

113
115

7

122
184

12

4.
Il
18
5
22
15
5
13
8
9
10
60
27
18
5
10
5
5
15

5

138
140
158
158

180
195
200
218
221

230
240

300
327

840
845
S65
860
865

sao
385

5
10
70
30

S90
400

10

510

P/T

M7
550

8
15

470

500

565

10
5

575
580

10
50

/iI9O
640

18

658

26
6

684
690

40

'TOO

, 82

762

8
23

770
793

65
8

858

{I

872

15
13
26

S87

866

900
926
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Record oj strata in deep well at Fort Crook-Continued.

I

I

Thickness Depth

LImestone
(?), cuttings
chert, shale of all colors, and grains of_
quartz; probably
due of
to limestone,
caV1ng_____________________________________
Limestone;
light
buff,
some
white;
considerable chert and quartz· sand In
drl!1lngs _________________________________________________________
_

Feet

Obert, blue, mottled; limestone of rapid effervescence; some quartz sand ____ _
Limestone,
buff; ____________________________________________________
much blue chert; slow effervescence, Indicating large_
content oflight
magnesia

Feet
2(

950

80

980
1,000

20
(

Limestone, light gray and white, compact; In flakes, rapid effervescence_____ _
Limestone,
light buff
and light gray, subcrystalllne; effervescence slow; some_
particles rapid
_________________________________________________
dal1k
brown,
in sharp sand; effervescence slow_______
Dolomite,
fine sand ____________________________
______ __
Dolomite, light buff; In crystalline;
Dolomite; as at 1,005 feet _____________________ _____________________ _ _
Shale, blue. plastiC, calcareous ________ ________________________________ _
DolomJte, light buff ________________________ ___________________________ _
Limestone, buff, en·mass; rapid effervescence; much white and light gray lime.stone; some black ~ hale ann quartz sand'; resembles upper IImestones ____ _
Limestone,
and ___________________
light gray; rapid effervescence;
In mJnute cuttings; black_
shale fromdark
ahove
_______________________________
buff;
In
finest
crysta!llne
sand,
without
shale, and with negli-_
DolomJte,
light
gible quartz sand; :I samples________ _______________________________

11
8
37
8
2
Il

~

I)

bright green,
hard, noncalcareous, nonarenaceous; In sand; many chips
Shale,
of .dolomite
_________________________________________________
__
Dolomite, gray; In fin.est sand; 2 samples ________________________________ _
Dolomite, white; In finest sand (see analysis below); some quartz sand In drill·
Ings, grains fairly well rounded, some with secondary enlargements; many
broken; ouartz s·and from 5 to 10 per cent of drllllngfl____ __ ______ ~ __ ~ __
DolomJte,
gray
and______________________________________
whitish; In finest sparkling crysta!llne sand, almost_
free fromlight
quartz
sand
Dolomite, white, macrocrystalline; in coarse sand___ _ ________________ _
DolomJte, light buff; cherty In fine sand practically free from quartz _________ _

Analyses·

01

l,OO(
1,015
l,GI8
1,055
1.058
1,000
1,065
1,<Y10

10

1,080

45

l,l2a

95

1,220

80
90

1,250
l,S((}

120

lJ,(6()

100
20
185

1,560
1,580
1,765

driJ Zlings from deep well at Fort Oro ok, Nebraska.

lMade In chemical laboratory of Oornell Oollege, Mount Vernon, Iowa.]

Sillca (Si 0 , ) _________________________________ .-___ _
Iron (FeO) _______________________________ --------_______________ _
Water (H.O) ------------------------------------______________ _
Calcium (CaO) -----------------------------------_____________ _
Magnesl dioxide
urn (M!,\:O)
----------------------------______________
Carbon
(CO.)
--___________________________________________ __

6.(1
1.37
2.26
26.20
21.06
48.78

17.12
2.08
19.M
20.115
88.18

2.01
20.78

100.03

99.70

. 10G.7(

1.28

11.~

2.eo

22.'11
(1.21

A complete set of samples of the drillings taken from the
deep well in Miller Park, Omaha, was preserved by the drillers,
J. p, Miller & Company, of Chicago, The surface at" the well
as reported by the city engineer is 1,007 feet above sea level.
The depth to the principal water bed is 810 feet; another water
bed is at 1,150 feet. The natural flow is about 150 gallons a minute; temperature, 60 F.
0
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Record ot strata in (!Jeep well at Miller Park, Omaha, Nebr(J)8ka.

!Thickness IDepth
Feet
Peet
Silt, light greeni5'h yellow, calcareous, argillaceous; mainly fine, angular quart·
zose particles; some hard chips of white limestone, at__________________________ ____________
50
Limestone, light blue-gray, and light yellow, ea~thy, subcrystaIline; rapid
•
11
'10
effervescence in cold dilute hydrochloric acid; in large cuttings_______________
Shale, red, according to labeL_______________________________________ ___________
10
76
Limestone, white, soft, earthy; in large chlps____________________________________
15
00
Limestone,
thln ' flakes; with green shale_________________________
10
101
Limestone, white,
white, soft;
earthyin ________________________________________________________
10
110
Limestone
, white and light gr~y, compact, fine-grained, earthy; in flaky
chips _____________________________________________________________________________
20
130
Shale, blue; and limestone, white, soft, earthy, blue-gray, fossillferous_____ ___
15
145
Shale, red; and limestone, light blue-gray, hard, fine-grained; some litho10
155
graphic with conchoidal fracture, some partly crystalline.._____________________
Limestone,
blue-gray
and pinkish, earthy; some fine-grained,
conchoidal_______
fracture; reddish
shale ________________________________
________________________
10
1C5
Limestone, drab, conchoidal fracture; reddish and greenish shale_____________
10
175
Shale, drab, argillaceous; calcareous nodules ___________________________________
10
185
Shale, red _________ __________ ____________________ ____ ____________ ___________________
10
195
Shale, blue _______________________________________________________________________
10
205
Shale, blue, plastic _____________________ ___ ____ ______________________________ ____
40
245
Shale, blue, plastic, caIcareoUB____________ ___________ ___________________________
10
255
Limestone, gray; in fine angular sand ___ ______________ __ J______________________
10
266
Shale, red; some green plastic shale ___ ___________________________________________
10
275
Shale, blue , plastic, slfghtly calcareous _________________________________________
10
285
Limestone,
stems; In small chips in mass condrab andfossillferolls;
black shale crinoid
_____________________________________________
10
295
creted withblue-gray,
Shale, blue, plastic; two samples ______________________ _________________________
20
315
Limestone, buff; in fine angular sand ___________________________________________
10
325
Shale, black ________________________________________________________________________
10
335
Shale, red; some green, at ____________________________________________________ ____________
336
Shale. green and purple; some bard S'ilico-calcareous cuttlngs ____ "__ __ _________
1.0
345
Limestone,
gray; some pinkish; __a__little
flint,
with yellow,
green,
and reddish
________
______________
____ ____
__________________
10
365
shale ___ _______________________
Shale, reddish and yellow; and sandstone, blue-gray, fine -grained______________
10
385
Limestone, gray; in fine angular sand, aL _____
__________
885
Shale, greenish yellow , three samples __________ _________ __ ______________________
30
415
Shale, blUe, plastic ___________________ __ ____________________________________________
20
435
Shale, blue , ' somewhat calcareous _____________ • _______________________ ________ ___ '
10
445
S_hale, black and yellow-green _____________________________________________________
10
455
Shale, black and reddish ___________________________________________________________
10
465
Limestone, white and gray; some white chert_____________________________________
10
475
Ohert and limestone, white and gray _________________ __ ______ ______ ______________
10
485
Limestone, blue, highly argillaceous, hard and white, saccharoldal; some chert
10
495
Limestone, white and light gray; much white chert___________________ ___________
' 20
615
Limestone.
ligbt
gray;
in
fine
sand
;
witb
powder
of
shale
In
light
blue-gray
' concreted masses ______ ________________________ __________________________________
10
525
Obert and
chalcedonic
silica; and
mucb
black,
drab, and reddish sbale from cave__
20
546
!lhale,
drab;
gray limestone
cbert
____________________________________________
10
556
~_ _____________________

Limestone, medium dark blue-gray, dense, eartby; in ratber large chips; some
flint and crvstallfne Quartz, apparently geodic; also blue sbale_____________
10
Limestone , IIgbt yellow-gro,y; some greenish gray; In fine sand, at______________ ________ ___ _
Ohert, lfght gray, in small cblps; a little limestone of same color______________
10
Ohert, gray; a little Ifgbt gray or whitish lfmestone____________________________
10
Ohert, gray, drab, and white; a little cbnlcedonic silica and ·gray limestone
20
Limestone,
Ifght gray; much chert; some fine grains of clear quartz, partly
rounded ______________________________________________________________________
__ ___
20
Limestone,
and________________________________________________________
yellow; considerable chert and bluish chalcedony
and some Ifght
Quartzgray
grains
10
Shllle, blue and lfght green; in molded masses; small, hard, dark blue-gray
nodular masses at 635 feet; calcareous and argfllaceous_______________________
50
Limestone, lfght yellow-gray; and hard, blue, argfllaceous_________________ __ ___
10
Limestone, ligbt yellow-gray, dense, fine-grained; in flaky cuttings__________
10
Limestone, wbite , soft, eartby; some bard. crystalline; with rare fragments
of crinoid
stelDs
, white
and bluish
white
chert,_____
and_____________________________
small quartz crystals; in
. medium
sized
chips
_______________
______
_________
10
Limestone, cream-colored, bard , fine-grained; In coarse meaL _________________
10
Limestone, wblte and ligbt gray; soft; in small flakes__________ __ ____________
10
Limestone, ligbt yellow-gray .!________________________________________________
10
Limestone, white and light gray ; two samples____________________________________
20
Limestone, white and cream-colored; dull luster; In flakes; sofL________________
20
Limestone, white, 8ubcrystallfne; in sand; minute rounded grains suggest
10
oolitic or foraminiferal tests; ,,;th sbale, green, noncalcareous_______ ________ _

'565
565
575
585
600
625
635
685
690
'105

715
725
735
745
785
785

7Il6
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Record of strata in deep, well at Miller Park-Continued,

Thickness

1Depth
Feet

Feet
Limestone, gray, of rapid effervescence; some subcrystalline limestone of slow
effervescence, Latter Is the first limestone whose, slow effervescence Indicates,
considerable
,magnesian content; shale green, praCtically noncali:ar-_
lD chips
__________________________________________________________________
eous , 8f1Y
and yellow-gray;
chert, and some quartz sand; and_
white
,Limestone,
shale, green,
pyrltlferous;
In chips with
____________________________________
Limestone, white; rapid effervescence; with shale in chips; much fine quartz
sand; shale from 785 to 825, probably due to caving__________________________ _
lightpyrltiferous
yellow, crystaIIlne;
effervescence rather slow; with_
Limestone
, white and
shale; blue-gray,
highly
________________________________
Limestone, white or light yellow-green, crystaIIlne, and in part saccharoldal;
much blue-gray noncalcareous shale _____________, _______________________ _
Limestone, buff; slow effervescence; much white chert; line cuttings___________ _
Limestone, gray; with white chert; effervescence slow; In line cuttlngs ________ _
magnesian limestone,
light__________________________________
gray; In very line crystaIIlne pow-_
Dolomite
two samples
der; slowor effervescence;
Limestone,
light
brown;
moderately
slow
effervescence; In crystalline sand; a_
few line rounded grains of quartz ____________________________________________
Limestone, brown; in sand; effervescence rather rapid _________________________ _
Limestone, light yellow, crystalline; some of moderately slow and some
of rapid effervescence -----------------------------------------------------Limestone,
light yellow-gray, subcrystaIIlne; in line cuttings; effervescence_
rapid ___________________________________________________________
Limestone , light yellow and brown, crystalline; effervescence moderately slow__
Dolomite
magnesian
buff,___ crystalline,
effervescence_
slow; in or
small
cuttings;limestone,
three samples
________ ___compact;
____ -' ____________
or
magnesian
limestone,
crystaIIlne,
cherty,
light
gray;
slow effer-_
Dolomite
vescence; two samples ______________________________________________________
Limestone, light gray and yellow; in fine sand; effervescence moderately slow
light
gray,
blue-gray
and _____________________
drab; hard; effervescence
rather slow;_
Limestone,
sand
of rounded
grains
____________________
much qUartz
Limestone, light gray; rather slow effervescence, cuttings of hard, white
calcareous shale; all in sand; four samples _____________________________ _
Shale, bright green, hard; in small chips; calcareous; with limestone, buff;
effervescence rather slow; some calcite; In line sand_______________ ___________ _
Shale,
green, calcareous
plastiC , In ______________________________________________________
molded masses but with Individual fissile fragments_
embedded;
Shale; as at 1,065 feet; some chips of light gray limestone; rapid effervescence
effervescence; some_
Limestone,
some mottled with drab, rather slow ___________________
___________________________________________
green shalebuff;
Dolomite or magnesian limestone, clean, bright yellow, line, crystaJline,
granular; effervescence slow; with embedded minute ill-rounded grains of
silica: a Httle wbite cbert; two samples__ ___ _____ ____________ ______________'_
Limestone, light yellow and whitish; moderately rapid effervescence; much
green shale; all in fine sand; two samples ___________________________________ _
Sandstone,
line; rapid
welJ rounded
grains___________________________________
of crystalline quartz; some pink_
limestone white,
of rather
effervescence
~

Limestone, pinkish and light buff, subcrystaIIlne; moderately rapid effervescence; some gray, of mucb slower effervescence; in chips; and sb·ale, dark
red, very slightly calcareous, arenaceous; in chips; and sandstone, of
grains as above, with dark red matrix of shale_____________________________ _
LimestOne,
ligbt
gray: rapid
se:me whdte chert; and sandstone,_
of line well
rounded
grainseffervescence;
_________________________________________________
Dolomite or magnesian limestone, light blue and yellow-gray, compact, with
white
slow;
some quartz sand and green sbale, ' probably_
from chert;
above; elIervescence
eight samples
____________________________________________________

10

80S

10

815

10

825

10

835

10

10
10

845
855
B65

20

885

10
10

905

10

915

10
10

925
935

:JO

966

:JO

895

995

10

1,005

10

1,015

40

1,005

10

1,065

10
10

1,075
1,085

20

1,105

20

1,125

fa)

1,146

20

1,165

10

1,175

10

1,185

84

1,269

1176

UNDERGROUND , WATER RESOURCES OF IOWA
DriZZers Zog of Miner Park weU, Omaha, Nebraska.

IThIClme~s·IDePtb,
-------------------------------------.------~

Olay, soft _____________________________________________________________________ _
Hardpan , and gravel ______________________________________________________ _
Hard limestone __________________________________________________________ _
Shale and streaks ot lImestone_____________________________________________ _
Limestone ___________________________________________ ; _____________________ _
Sbale _________________'___________________________________________________ _
Limestone _____________________________________________________________ ; __
Sbale, red ____________________________________________________________________ _
Limestone, hard _____________________________________________________________ _
Sbale, blue ______________________________________________ ____________ _
Llmestene ____________________________________________________________________ _
Limestone, hard ___________________________________________________________________
~

t?~:stiiiie-,--iiiij.d-::::::::::::::::::::::...-::::::::::::::::::::::::::::::::::::
Shale ___________________________________________________________________ ,. _____ _

Shale, black ______________________________________________________________________ _
Limestone ___________________________________________________'___________________ _
Shale, yellow, and lImestone______________________________________________________
Shale" blue ___________________________________________________________________ _
Limestone _______________________________________________________________________ _
________________________________________________ _
Shale, white
Limestone ___________________________________________________________________ _
Sbale, black ___________________________________________________________________ _
Limestone, hard ____________________________________________________________ _
Shale, blue ______________________________________________ _______________________ _
Limestone ___________________________________________________________________ _
Shale, blue ____________________________________________________________________ _
Limestone _______________________________________________________.. _________________ _
Shale _________________________________________________________________________ _
Limestone _____________________________________________________________________ _
Shale __________________________________________________________________________ _
Limestone __________________________________________________________________ _
Shale ____________ ,. _____________________________________________________________ _
_____ ______________________________________________________________ _
_~

Llm~stone

,_~

t?~:sto~~t~ard-::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
Oavlng rock ___________________________________________________________________ _
Limestone _________________________________________________________________________ _
Sand (water bearing) _________________________________________________________ __ _
Limestone ___________________________________________________________________ _
Sbale _____________________________________________________________________________ _
Limestone ___ ________________________________________________________________ _
Shale ____________________________________________________________________________ _
Limestone __________________________________________________________________ _
Sbale ____________- _____________________________________________________________ _
Limestone, hard ______________________________________________________________ _
Shale ________________________"_______________________________________________ _
Limestone ________________________________________________________________________ _
Sandstone _________________________________________________________________________ _
:Marl, sandy, red __________________________ ______________________________ ..
Limestone ___________________________________________________________________ _
~

Feet

Feet
80
40
25
12

13
5
10
40
5
45

5
8
82
20
S5
15

7

sa

45
20

12
20
10

14
6
5

12
S
5
28
5
25
4
20
83
48
4
116
2

80
70
95
107
120
125
185
175 '

180
225
280
288
295
815
S50
865
872
410
455
475

487

607
517
581

• 587
542
554
557
582
585
590
815
819
6S9

872
720
724
840
842

7

849

6
85
12

855
940

7
8
80

1,060
1,067
1,075
1,105

108

952

20

1,12~

4
15
125

1,129
l,lH
1,289

Minden.--In Minden (population,423) there are two pumping stations each with two wells, none of which 's upply much
water. 'The first well is eight feet in diameter and 40 feet
deep, is cased with brick, passes through clay and gravelly
streaks from which it receives seepage, and furnishes about
5,000 gallons a day. The second is. 16 inches in diameter and
60 feet deep, is cased with tile, penetrates a bed of quicksand,
and yields perhaps 10 gallons a minute. The two new wells at
the pumping plant recently installed are 20 inches, in diameter
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and 58 or 60 feet deep, are cased With tile, and also end in
quicksand. There are a standpipe, 1% miles ' of mains, 22 fire
hydrants, and 41 service connections. The water is lik€d by
the people and is widely used for domestic purposes. The
average daily consumption is estimated at 10,000 gallons,.which
amount is now €asily provided by th~ wells. The Cqicago
Great Western Railway has in the past utilized a spring and a
shallow well that have not been satisfactory. It is reported
that the railway company at one time drilled to a depth of
several hundred feet without success. 'T he well at the canning
factory is. similar to the village wells.
Neola.-The public supply at Neola (population, 926) is obtained from one five-inch and about fifteen two-inch wells that
end with screens in a thick bed of alluvial sand and gravel at
depths of 45 to 50 feet, from which the water rises within' about
14 feet of the surface. With a suction pump placed six feet
below the surface this system of wells has been made to yield
145 gallons per minute. Some of the small wells have been in
service a .long time and their supplies have probably been shut
off or greatly diminished by the incrusting of their screens.
The water is of good quality though it has considerable temporary hardness. There are two miles of mains, 24 fire hydrants, and numerous taps. The pressure is obtained from 8
storage reservoir situated on high ground. The water is used
extensively for domestic purposes and it is estimated that
50,000 gallons are consumed daily. Both railway companies
draw locomotive supplies from the valley gravels.
, Oakland.-Oakland (population, 1,105) is located in the Nishnabotna valley and has ~ gravity system of waterworks that derives its supply from a series of driven wells that end in alluvial
sand at a depth of about 22 feet.
Walnut.-In Walnut (population, 950) two wells were drllled
to a depth of about 200 feet into a bed of incoherent fine~
grained water-bearing sand. Numerous unsuccessful 'exp~ri
ments were made to separate the water from thesand~ but' the
wells were finally abandoned. At present the supply comes
frdm 'a reservoir formed by damming 'a ravine' at the south'mar-
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gin of the village and from four shallow wells in the 'same
locality. Three of the wells are bored tq about 60 feet, where
they are said to strike gravel; the other is a dug well 10 feet
square and about 30 feet deep. 'T he 'supply from this system
is small and precarious and is not. consiqered satisfactory. The
waterworks include a standpip'e and two ' miles of mains. Only
small use is made of the water, the ,consumption being perhaps
not over 3,000 gallons a day.
'
SHELBY COUNTY.

BY

o.

E. MEINZER.

TOPOGRAPHY AND GEOLOGY.

Shelby county consists of a hilly but fertile loess-covered upland interrupted by several wide alluviUm-filled valleys that
trend southwestward. The hill topography, with a general relief of 100 to 200 feet, is carved out of a thick accumulation of
glacial drift and associated deposits, below which is hidden a
thin layer of Cretaceous sandstone and shale and a much
thicker series of Pennsylvanian shale" limestone, and sandstone.
UNDERGROUND WATER.
SOURCES.

The water-bearing formations ,u nderlying the county are the
alluvium, the loess, drift, and as,s ociated deposits, the Cretaceous sandstone, and the lower formations.
The Pennsylvanian strata will furnish little water, but
moderate quantities can be secured from formations at greater
depths. The Carboniferous and deeper waters are rich in
sodium sulphate.
, The CretaceouS! beds, which consist of poorly cemented sandstone and soft shale or "soapstone," where present, lie next
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above the Pennsylvanian. They have apparently been reached
in a number of wells, 'but since most of these wells are old and
a large proportion have been abandoned little definite information in regard to them remains. The sandstone contains water,
which, however, is not under much head and hence does not enter
the wells rapidly and must be lifted from considerable depths.
Moreov-er, the sand screens that are used readily become incrusted, ,s hutting out the supply. From the meager data at
hand it seems that the water is harder than that from more '
shallow ·sources but is less mineralized than the deeper water.
In-future work it should be understood that better results can
be expected from four~inch and six-inch wells than from small
two:'inch wells, which are poorly adapted to this region .
. The bulk of the county's water supply is obtained from bored
and dug wells, whose advantage lies in their large circumference
and resultingly extensive infiltrating surface. These wells are
commonly sunk at low points into the unconsolidated materials,
from which they derive meager contributions at sev-eral levels,
the most water probably being obtained (1) at the contact between the loess and the subjacent gravelly and weathered drift
and (2) at the contact between the two drift sheets that appear
to exist here.
In the principal valleys fairly abundant supplies can be obtained by sinking inexpensive open or driven wells into the alluvial sand and gravel, and it is from this source that a large
part of the water for public waterworks and locomotiv1es is obtained.
'
CITY AND VILLAGE SUPPLIES.

Earling.-The waterworks at Earling (population, 323) are
supplied from two pumping plants, each of which draws from
two dug wells. The four wells, all situated on low ground, range
in depth from 21 to 51 f,eet and depend chiefly on slow seepage
from clay~ They fill each day to a level within ,about eight
feet of the surface and will together easily supply 15,000 gallons, which is about two and one-half times the av,erage daily

J
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consumption at pResent. 'The water is only moderately hard
and is used by nearly one-half of the people. The waterw,orks
include a tank elevated upon tower on high ground, one-half
mile of mains, eight fire hydrants, and 40 taps.,
Harlan.-The public supply of Harlan (population, 2,570) is
drawn from eight six-inch wells located in the valley near the
river. They extend through yellow clay, tough blue clay, and
fine sand into coarse sand and gravel, in which they are finished
with 12-foot screens at a total depth of 43 feet, and from which
the water rises to a level 20 to 24 feef below the surface. The
pump, which is in a pit eighf feet below the surface and therefore has a v;:lcuum of 12 to 16 feet before pumping is begun, has
been operated rapidly enough to lift 275 gallons a minute and
is usually run at the ~ate of 175 gallons a minute for about 18
out of every 24 hours. It is propelled by water power. The
water is stored in a standpipe situated on high ground and is
delivered by gravity through about four miles of mains to 41
fir,e hydrants and 380 service connections. It is used by most
of the inhabitants and by the three railway companies. About
200,000 gallons are consumed daily, one-third of which goes to
the railway locomotives. The water is only moderately hard
and is fairly good for use in boilers' (see p. 202 for analysis,).
Kirkman.-Kirkman (populat.ion, 180) has an air-pressure
system of waterworks supplied from a dug well six ' feet in
diameter, which extends through clay to a depth of 47 feet and
ends in a bed of gravel. The well fills to a level about 25 feet
below the surface. It furnishes approximately 2,000 gallons a.
day and would yield considerably more. The water is only
moderately hard and is used to some extent for dom~tic purposes.
Panama.-The waterworks at Panama (popul'ation, 232) consist of a gravity system with limited service supplied from a
six-foot dug well that extends to a depth of 43 feet and depends
on clay seepage. In the driest season the yield of this well
was reduced to 2,000 gallons a day, but it normally yields
several times this amount.

a
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Portsmouth.-The public supply of Portsmouth (population,
347) is obtained from four driven wells located in the valley.
They end with screens in sand and gravel at a depth of about ·
!:!O feet, the wate'r ri sing within 16 feet of the surface. Two
of the wells are together pumped at the rate.of 50 gallonsl a minute by means of a suction pump at the surface. The water is lifted
into a tank on the upland and is distributed by gravity through
11M miles of mains to 10 fire hydrants and about 30 service connections. It is used by nearly one-half of the people, and approximately 7,500 gallons are daily consumed.
TAYLOR COUNTY.

BY

o.

E. MEINZER AND

w.

H. NORTON.

TOPOGRAPHY AND GEOLOGY.

Taylor county is deeply trenched by numerous valleys that
trend in general southwestward, between which are hills, ridges,
and isolated tracts of comparatively level upland. The glacial
drift, where not dissected, is of considerable thickness. At the
bottom it is very dark, and at the top it has been color,ed yellow by oxidation. At intermediate horizons are found "hardpan" and a few beds of sand and gravel. The base of the
drift has been so little exposed that it is riot known to what extent sand exists between the bowlder clay and bedrock. Widely
spread over the weathered drift is a coat of clay, rarely as much
as 25 feet thick, and apparently averaging much less, which is .
essentially free of pebbles and grit and which is ashy and plastic
at the bottom, but is generally yellow and loesslike at the surface.
In some of the valleys the alluvial deposits are well developed.
As far as is known, the bedrock belongs to the Missouri stage
(Pen.nsylvanian), and consists chiefly of limestone and shale.
In the section of the deep well at Bedford (PI. XVIII, p. 1100)
this stage is supposed to have a thickne~s of 722 feet, the total
thickness of the Pennsylvanian being considered to be 1,300 feet.

J
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UNDERGROUND WATER.
SOURCES.

Almost the le ntire water supply for TaJ.lor county comes
either from surface sources (streams, cisterns, and artificial
"ponds") or from shallow wells sunk into the upper layer of
drift or into the valley deposits. Some wells have been drilled
to the deeper parts of the drift and a few into the underlying
rock strata, but the information concerning such wells is exceedingly scant. Some have been finished successfully, but a
large number were faIlures. Since no r,eliable and satisfactory
deep-water bed has yet been dis'Covered beneath this county, it
seems advisable for domestic, stock, industrial, and even public
purposes to seek to deve+op supplies near the surface. The
method of boring a number of shallow wells of large diameter
and connecting them at the bottom with drifts is being employed
on stock farms with good results.
CITY AND VILLAGE SUPPLIES.

Bedford.-The supply for the public waterworks in Bedford
(population, 1,883) is from several wells oJ large diameter,
~ocated in the valley and sunk through about 28 feet of clay
into a10-foot bed of :s and that rests upon limestone. The sand
is saturated with water but it is so fine-grained and incoherent
that there is difficulty in separating the water from it, and the
total yield of the system of wells is consequently only about
6,000 gallons a day, :;tn amount that is entirely inadequate. The
water is pumped into a standpipe and thence distributed
through the mains by gravity pressure. A 2,400-foot hole was
drilled at Bedford (PI. XVIII) without :anding a satisfactory
')upply, and plans are now being considered for further developing the supply from the bed of sand at present utilized, or for
installing a filtration plant for purifying the river water. With{)lit much doubt the yield from the sand bed could be indefinitely .
augmented by boring more wells or in other ways increasing
the infiltration surface.
. The well of the Bedford Developing Company is 2,400 feet
deep and 10 inches in diameter to a depth of 2,008 feet. The

.
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curb is 1,098 feet above sea level and the head 265 feet below
the curb. Waier was found at 1,180 to 1,228 feet in sandstone;
and water which had previously stood at 15 to 30 feet below the curb dropped to 90 feet. A strong flow of water was
struck' at 1,560 to 1,580 feet, water rising to a point 298 feet
below the curb. Water struck at 1;920 to 2,005 feet rose to a
level 284 fe·e t below the curb and, after pumping test, to 265 feet
(a pumping test at 2,009 feet gave 150 gallons a minute). Water
was also struck at 2,020 to 2,168 :J'eet. Driller, J. P. Miller Com. pany, of Chicago; date of completion, 1909.
The water was too salty for drinking. In all tests the pumps
drew fresh 'w ater for abput 40 minutes until upper veins of uncertain location were exhausted. The water at 1,177 or 1,180
feet, in the basal sandstone of the Pennsylvanian, was supposed
by the owners to be salty, but by the drillers the salt water
was located at the 1,580-foot vein. The test at the 1,661-foot
vein also brought up water not fit for any city use. In order to
test the' lower water beds the well was reamed to 2,008 feet and
a three-inch pipe was inserted and packed to this depth. The
pumping test gave 100 gallons a minute through this pipe, but
the water was extremely salty. It is much to be regretted that
the· water of the basal Pennsylvanian sandstone wasl not tested
as to both quality and quantity.
R ecord of strata of deep well at B edford (Pl . XVIII, p. 1100).

IThlckness·l~ePth.
Pleistocene:
,
Drift, no samples or record _____________________________________________
_
Oarbonlferous:
.
PennsylvanlanMissburi stage (722 feet thick; top, 1,060 feet above sea level)Limestone, light gray, nonmagneslan, soft; earthy luster; per·
meated with minute ramifying, smooth·surfaced masses of calcite
Limestone,
argillaceous, light gray, soft; earthy luster; and shale,_
plasttc _______________________________________________________
Shale, drab, unctuous , noncalcareous; 8 samples________________ _
Shale, bluish drab, calcareous _____________________________________ _
Limestone, earthy, light blue-gray__________________________ _
Shale, drab, calcareous; S samples _____________________________ _
Limestone,
blue-gray,
soft, argillaceous; with
shale________ __
calcareous
________________________
_____________
Shale, drab,light
Limestone and shale; limestone, soft, whitish; rapid effervescence;
numerous Fusullna; encrlnltal; 5 samples ________________ ______ _
Llmeston8, light gray, soft, earthy; a little chert______________ _
Shale, greenish drab; some limestone with crinoid stems ________ _
Shale,
as above;
some black, carbonaceous and a little blue-gray_
limestone
_______________________________________________
Limestone,
light
brown,
white, gray, hard, compact; and greeulsh
shale ________________________________________
_
~

....

Limestone;
blue-gray,
argillaceous;
and light yellow-gray
with crinoidlight
fragments;
greenish
shale.. ___________________
.:. __

Feet

38

Feet

38

6

44

6
4()
5
5
15
5
5

50
90
95
100
115
120
125

25
5
10

150
. 155
165
170

5

175

5

180

I
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Record of strata of deep well at Bedford-Continued.

l

Thlclmess· IDepth .

Limestone, yellow, gray, harcL ______________________________ _
Shale, dark brick-red, calcareous; 2 samples _____________________ _
drab, calcareous,
slIfceous;
and ocher-yellow, hard,_
Shale;
greenish
slIfceous,
calcareous;
2 samples ___
__________________________
Shale, hard, greenlsh drab; so highly siliceous with minute particles
of Quartz that It might be termed an argfllaceous sandstone___ _
Shale,
greenish
drab, ______________________________________________
plastic, pyrltlferous; some hard, yellow, fos-_
siliferous
limestone
Shale, blue-drab, soft, laminated; harder slIfceous layers_______ _
Shale, drab, laminated; 6 samples ______________________________ _
Shale, drab, with some laminae of black coaly shale___________ ____ _
Shale, green, fossfIfferous __________________________________________ _
Shale, green,
fossiliferous;
drab limestone and chert_________
Shale,
hard, red;
2 samplessome
_____________________________________
Limestone, hard, drab, with shale________________________________ _
Shale, drab , fossiliferous _______________________________________ _
Limestone, hard, fine-grained , sfIlceous _________________________ _
Limestone, yellow-gray; and wbite, soft; earthy luster; 3 samples__
Shale, green and blaCk, carbonaceous ________________
___________ '
Limestone, soft, yellow, macrocrystalline____________________ _
Shale, drab; 5 samples _________ ______________________________ _
Shale, drab; some drab lImestone___________________________ _
Shale, drab; with sand of flinty drab limestone_______ ..:.. ______ _
Shale, reddish; with dark green-gray argillaceous lImestone_______ _
Shale, red; a little brown sfIlceous limestone____________________ _
Shale, drab; '" samples __________________________________________ __
Llmes~one, light yellow-gray; crystalline In sand; '" samples _________ _
Shale, greenish drab ___________________________________________ _
Limestone, light yellow-gray; much shale________________ ~ _________ J
Shale, greenish; some drab limestone, lIInty______________________ _
Limestone, light yellow-gray ___________________________ ______ _
Sh ale, drab; 4 samples _____________________________________________ _
Limestone, white; large fragments of !fhale____________ ___________ _
some and
blackgray
at _________________________________
516, with limestone at 525; '" samples ___ _
Shale, drab;whlte
Limestone,
_
and hard; gray IImestone ______ __
Shale,
black,
fissile,
combustible;
Shale, dark drab, _______________________________________________
~_~

~

,-

Shale, greenlsh; with whlte ' limestone In concreted powder________ _
Sandstone, white; microscopic grain; calciferous; with shale_______ _
Limeston e. White and light gray_______________________________ _
Shale, dark drab ______________________________________ ____ _
Limestone, hard, gray. sfIlceous; shale_________________________ _
Shale, dark drab ________________________________________________ _
Limestone, yellow-gray, rather hard; much shale In large fragments
Shale, dark drab; nodules and masses of gray chert_____________ _
Shale, light brown, calcareous ______________________________ _
Shale, greenish; with gray limestone and chert___________________ _
Limestone, gray; much shale_________ _______________ -------------Shale. drab; black at 645; gritty at 650 and 655; with limestone at
67(); sandy at 670 , 675 , 695, 700; coaly at 705____ ______________ _
Sandstone, fine, gray; 3 samples ______________________________ ____ _
Shale, dark drab; some black; fissl1e _________________________________ _
Limestone, gray, finely arenaceous ________________________________ _
Shale, drab and reddish brown; 2 samples _________________________ _
Limestone, light gray '__________________'____________________________ _
Des Moines stage (580 feet thick; top, 888 feet above sea level)Shale, varicolored; hIghly arenaceous at 765 and 770; reddIsh brown
at 785, 790,drlIIlngs
940 and mostly
1,065; black
at 855, 1.045. 1,055 and 1,000-----Sandstone;
shale________________________
__________ _
Shale, black ___________ _____________________________________________ _
Sandstone,
fine, white; much shale In drlllings; 8 samples _________ __
Shale
_________________________________________________________
Sandstone ___________________________________________________ _
Sandstone. In fine gray meal, the particles of which resemble fiint
macroscopIcally but are composed of minute quartzose graIns with
at 1,250, with considerable shale In all_
considerable
yellow chert
_____ _________________________________________
drilIlngs; 10 samplee
Sandstone. clean. fine. yellow-gray, composed of minute Irregular
graIns ---------------------------------,,--------------------Sandstone,
coarser; some grains reachIng 1 mm. In dlameter_______ _
Sandstone, groen-gray, fine-grained _______________________________ _
Sandstone,
yellow-gray,
coarser; graIns Irregular In shape and far
from unIfo=
In slze____________________
Sandst one , 1U ,'ay; shale In drlllings probably 'from above ______ '

-=_________________________ _

Feet

Feet
5
10

185
195

10

205

5

210

15
25
30
5
5
5
5
10
10
6
Iii
6
10
25
5
5
5
10
15
20
10
5
10
10
20
21
19
15
5
1()
5
5
10
5
5
5
15
15
5
5
5

'225
250
230
285
290
295
300
310
820
825
SID
345

65
15
10
10
10
5

710
725
735
745
755
760

<lOO
5
15
40
5
1()

1,160
1,165
1,180
1,22()
1,225
1,235

50

1.285

5
5
5

1,290
1,295
1,800

5

1,305 _
1,840

S5

356 '

S30
385
S90
395
405
42()
440
450
455
465
475

495

516
585
550
555
585
570
575

585
590
695
600
615
630
685
640
645
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Record of strata of deep well at Bedford-Continued.

IThickness IDepth
Feet
MIssIssIppIan
feet thIck:
top, 242 feet_____________________
below sea level)LImestone,(855
gray;
rapId eftervescence
_
5
LImestone, yellow·whlte, soft: earthy; 4. samples______ -'-_________ _
20
15
LImestone, gray, rather hard, conchoIdal fracture; lithographiC texture
LImestone, soft, gray, earthy, argillaceous_________________ _
20
LImestone: as above: and gray, tlne·gralned sandstone___________ _
5
LImestone, light drab, arglllaceous ______________________________ _
20
10
Limestone and chert; drillings largely chert and cba~donic slllca____ _
Limestone. drab; less chalcedony ___________________________________ _
5
gray; In places brown, and limestone, often siliceous;_
Ohert,
whIte and
17 samples
_________________________________________
85
LImestone, soft, gray, earthy; a little chert.. ________________ _
5
5
LImestone, soft, whIte and light gray; saccharoldal: some chert.. __ _
Ohert and limestone; limestone nonmagneslan; 14 samples_________ _
85
LImestone, buft; slow eftervescence: much gray chert.. ___________ _
5
Limestone, brown; moderate eftervescence___________________ _
5
LImestone, brown; rapId eftervescence. calcIte crystals___________ _
15
Limestone, gray, oolitic; rapid effervescence; 4 samples,_____________ _
20
Shale,
blue,
tlne·gralned, _______________________________
grltless, calcareous; In concreted powder; 6_
samples
(KInderhook?)
so
DevonIan (180 feet thick: top 597 feet below sea level):
LImestone, light gray; rapId eftervescence ___________________ _
10
LImestone, light blue·gray, compact, tlne·gralned; In thin lIaky chlps___ _
10
LImestone, yellow: In sand: rapId eftervescence.. _________________ _
16
Shale, drab, clayey, hIghly calcareous ___________________________ _
Ii
Limestone; white and mottled gray at 1,700; gray from 1,740-1, 76{l; butt
at
1,755
and
1,760:
light
gray,
subcrystalllne,
dense
at
1,765
and
1,770;
all of rapId eftervescence.. __________________________________ _
4.0
10
Shale, or highly argi1laceous limestone: gray, In nonconcreted powder__ _
LImestone, buft; In tine meal; rapId eftervescence____________________ _
15
gray; In tine meal; rapId eftervescence; argillaceous at 1,810; 5_
LImestone,
samples ____________________________________________
25

Silurian (575 feet tbick; top, 727 feet below sea level):
LImestone and shale; limestone, gray In meal, rapId eftervescence; shale,
brick-red, blghly pyritiferons, In tine meal and powder not concreted; some
20
fine Ill·rounded Quartz grains at 1,880; color of mass of drlllIngs, brlck·red
LImestone, yellow; drllllngs pInk from admIxture with tine meal and powder
of red shale, probably from 1,825: limestone In meal and sand, crystalline; rapId eftervescence; some Irregular rounded Quartz grains In drill·
Inlls whIch also may be from above; 14 samples_____________________ _
70
Dolomite, dark
In tine crystalline meal; some calclte_______________ __
20
butt gray:
_____________________________________
Dolomite,
10
DolomIte, dark gray, arglllaceous___________________________ _
5
Unknown; drllllngs washed away_________________________ _
20
DolomIte, light brown: In crystalline meaL. _______________________ _
7
Marl,
In tine
powder,
Dot concreted; calcIferous, argillaceous: . large_
amount
of whIte
anhydrIte
______________________________________
4
DolomIte, as at 1,970; calcIte rhombs and a few crystals of anhydrite____ _
6
Dolomite.
yellow: In tlnest crystalline meal: numerous crystals of_
anhydritelight
_________________________________________________
20
DolomIte, IIgbt brown; In 1I0ury meal; resIdue of anhydrlte_____________ _
36
light
greenish
gray,
argillaceous;
much
anhydrite
and
dolomitIc
, Dolomite,
marl ______________________________________
Ii
Dolomite, light gray, less argillaceous: consIderable anhydrlte____________
10
DolomIte, brIght yellow; In meal: consIderable anhydrlte______________
15
Dolomite, brown; In coarser meaL___________________________________
6
Dolomite, light brown; In mucb tlner meal: anhydrite ratber plentlfuL ______________ _
Limestone; somewhat magnesIan, judgIng from eftervescence; light yellow
and buft; argillaceous; some anhydrite In drllllDgs_____________·__ _
15
Dolomite, buft; In tine crystalline, sparkling meaL ___________________ _
8
Dolomite, light gray, argillaceous; In tlnest powder, not concreted______ _
2
Dolomite; In tine brown or yellow meal, not concreted; some anhydrlte___ _
85
Anhydrite marl; ,In light cream-colored or whitIsh powder; 10 samples ___ _
66
AnhydrIte marl: In brIght buft powder; dolomlte____________________ _
20
AnhydrIte marl, cream-colored; 9 samples_______________________ _
45
Dolomite and anhydrite; in fine buft meaL _______________________ _
15
Anhydrite mad, argillaceous; in yellow powdllr___________________________ _
10
Sbale, slightly calcareous and gypseous: In gray pow.der_________________ _
5
Dolomite, lIgbt buft; In tine meaL _______________________________ _
5
Shale, calcareous: In gray powder____________________________ _
6
Dolomite; In tine buft meal______________________________________ _
6
Limestone, magnesian, or dolomite; In gray powder and meal; residue argillaceous and cherty and with considerable anhydrlte __________________ _
16
DolomIte, buft; In angular sancL __________________________________ _
10
Sbale, calcareous; considerable anhydrite ______________________________ _
5

75

Feet
1,84.5
1,865

1,880
1,4.00
1,4.05

1,426
1,400
1,44.0 .

1,526

1,580
1,585
1,620
1,625
1,580
1,645 .

r,666

1,695
1,705
1,715
1,780
1,785
1,775
1,785

1,800
1,826

1,84.5

1,915
1,935

1,945
1,950

1,970
2,009

2,015
2,035
2,070

2,00'11
2,085
2,100

2,105
2,105
2,160
2,168
2,170

2,205

2,2110
2,280

2,825

2,&ro
2,850
2,855
2,860
2,865

2,870

2,865
2,895

2.400
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UNDERGROUND WATER RESOURCES OF IOWA
AnaZyses of driZZings from B edford deep weZZ. a
Depth.
1,830 feet

1,920 feet

2,100 feet

2.240 feet

2,300 feet

36.111·

11. 76
8.12
76.63
.111
2.72

11.63
82.92
.84
.1!2
5.10

11.68
2.48

Total ...... . . ; ...... .

QR.86 __________ _

loo.8!I

2,400 feet

86 . 71
44 . 76
6.20
.117
.bJ

----1:2ii- -----i:iii
8.73

~.fAI

Y9.7H

1111.40

1---1----

.Made In chemical laboratory of Cornell College. Mount Vernon. Iowa.

INDEX
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Abbott, well near................ 854
·Abingdon, wells at .......... . 655, 658
Ackley, geology at, 75, 77, 87, 89,
93, 95; wells at and near, 835,
848, 853; plate showing, 310;
rock from, analyses, 850 ;
water of, quality, 186, 187, 188,
208, 277.
.
Acknowledgments to those aiding,
•............•.•.......... 45, 47
Adair, wells at and near, 930,
931.
Adair county, city and village supplies,
930;
geology,
928;
springs, 929; topography, 49,
928; underground water, 929;
wells, 929; 'water of, quality,
200.
Adams county, city and village
supplies, 1112; flowing 'wells,
1112; geology, 1111; springs,
1112; topography, 1110; underground water, 1111; wells,
1111; water of, quality, 203.
Adel, forecast for.. .. ............ 825
Afton, water supply at ........... 989
Aftonian gravel, occurrence and
character, 102; water "in, 133,

See also particular county descriptions.
Afton Junction, geology at..... ..
Agency, wells near ........... . ...
Ainsworth, water supply at. .. ...
wells at and near .... . ... ·. ...
Air lift, use of ........... : ......
Akron, geology near, 1075; spring
near, 1075; water supply at,
1075.
Albert City, wells at, water of,
quality of ...................
Albia, geology at, 928, 977; water
supply at, 979; wells at and
near, 977, 979.
Albion, wells near ...... '.... . 874,

990
728
742
748
148

177

881

Alburnett, wells at .... . . ...... .. 545
Alds, wells at ...... ; ......... ;.. 648
Aledo, Ill., geology at, 69, 613;
well at, record of, plate showing, 618..
Algona, wells at and near, 744,
786, 788, 790; water of, quality, 171, 206, 208.
Algonkian rocks, occurrence and
character, 67, 68, 750, 1094.
Allamakee county, city and village
supplies, 294; flowing wells,
288; geology, 71, 75, 77, 283,
290; springs, 113, 292; topography, 50, 281; underground
water, 280, 287; wells, 114,
287, 294; water of, qUlllit'y,
168, 270.
Allison, water supply at ....... ... 757
Alluvium, occurrence and character, 104; water of, 135; use
of, for water supplies, 213.
Alpha, wells at ..•...... r : ....... 399
Alta, water supply at, 1011; wells
at, water of, quality oi, 177.
Alton, water supply at ... . .... . . 1090
Alvord, water supply at .......... 1053
Amana, wells at, 480; water of,
head, 155; quality, 181, 183,
206, 209, 274, 481.
Amber, wells near.. .. ........... 519
American Railway, Engineering
and maintenance of Way Association, standard of quality of
water of.... ... .............. 241
Ames, geology at, 42, 45, 76, 77, 89,
91, 95, 98, 811; wells at, 111,
148, 902, 904, 905, 906, 913;
plate showing, 458; water of,
quality, 186, 189, 208,. 270, 271.
Amker. well at ..... ............. 529
Ammonia in deep waters, cause of 160
Analyses, form, 160; nature, 159;
recomputation, 162;
logarithms for, 164.
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Anamosa, geology at, 73, 74, 75, 79,
85, 87, 520; wells at, 110, 520;
plate showing, 424; water of,
head, 142; quality, 183, 208,
520.
Angus, well near ... "............. 822
Anita, wells at, 1119, 1124; water
of, quality, 203.
Ankeny, wells at and near ... 889, 899
Anthon, wells at ...... ..... 1098, 1099
Aplington, wells at ........ . ..... 755
Appanoose county, city and village supplies, 934; geology,
932; topography, 49, 932; underground water, 933; wells,
199, 934; plates showing, 448,
814; water of, quality, 20l.
Aquifers, overdraft on........... 152
Aquifers, Iowa, relative heads,
141; texture and porosity,
150; thickness of, dependence
of yield on, 149.
Arcadia, wells near .............. 1026
Archean rocks, occurrence and
character ....... .. ....... 68, 750
Arey, M. F., county descriptions
by ...................... 333, 75~
Arey, M. F., and Norton, W. H.,
county descriptions by ....... 301
Argand, wells at................ 517
Arion, water supply at .......... 1038
Arlington, water supply at, 396;
wells near, 394, 40l.
Armstrong, water supply at ...... 1044
Artesian field, geologic conditions
in, 106; location of, plate
showing, in pocket.
Artesian phenomena, discussion of 138
Artesian water, definition, 138;
depth, 106; discrimination of,
from other ground water, 31,
105; distribution, See Wells;
head of, definition, 138; factors affecting, 139; measurement, 139; plate showing,
pocket; possible pollution of,
by surface drainage, 226; quality. See Water, chemical composition; relation of, to geology, 108; rocks carrying. See
Aquifers. See also Flowing
wells; Wells; Water.
Ashton, water supply at ........ 1066 '
Atalissa, springs near, 562; wells
at, 570, 57l.
Atkins, wells at ................. 429
Atlantic, geology at, 99; wells at
'and near, 1119, 1124; water
of, quality, 203, 264.

Attica, geology near..... ... .... . 967
Audubon, geology at, 1115; water
, supply at, 11,16; water of, quality, 202.
Audubon county, city and village
supplies, 1116; geology, 1114;
topography, 1114; u n d e r ground water, 1115; wells,
1115; water of, quality, 202.
Augusta, springs at, 676; wells at
and near, 639, 640.
Aurelia, wells at and near, 1029;
water of, heM of, 1011, 1029;
quality of, 175, 177.
Austinville, wells. at and near... 755
Avery, wells near ............... 978
Avoca, water supply at . .... . _.. 1166
Ayrshire, water supply at, 1068,
1070; wa;ter of, quality of,
177.
B

Bagley, water supply at, 837;
water of, quality, 190.
Baldwin, wells at ............ 490,
Bancroft, wells at, 789, 791, 792;
quality, 166, 171, 275.
Bankton, geology near...........
Baraboo, Wis., geology at........
Baring, Missouri, wells at .... 619,
Barnum, well near ............ _.
Basal sandstone, correlation of...
Batavia, wElll at.................
Battle Creek, water supply at,
1047; wells at, water of, quality, 178.
Bayard, well near .. .............
Bedford, geology at, 45, 91, 95, 98,
925, 1100, 1103, 1108, 1109,
1162; wells at, 122, 126, 128,
1182; plate showing, 1100;
rock from. analyses; 1186 ;
water of, quality, 123, 198, 204,
206, 271, 272, 1103.
Belfast, springs at"676; wells at,
688.
Belle Plaine, flowing wells at and
near, 131; geology at, 43, 79,
82, 89, 93; wells at and near,
421, 426, 429; plates showIng,
420, 458; water of, quality,
13L 13~ 18~ 20t 27~ 43~
Belle Plaine artesian basin, description, 426, 577, 615.
Bellevue, "geology at, 83; springs
near, 493; wells at and near,
493, 497, 503.
Belmond, wells at, 808; water of,
head, 782, 806; quality, 173.

501
376
70
620
921
72
657

831

INDEX
Benton, wells near.............. 424
Benton county, city and village
supplies, 429; geology, 423;
springs, 424, 425; topography,
422; underground water, 424;
wells, 424; water of, quality,
182.
Bernard, wells at................ 389
Bertram, wells at................ 545
Bethany limestone, occurrence of
. ; ...• '.....•...•....•.. 1108, 1109
Bettendorf, wells of ••............ 592
Beyer, S. W., on Story county... 905
Big Rock, geology near, 590; wells
at, 605.
Birmingham, wells at........... 719
Black Hawk county, city and village supplies, 306; geology,
303; springs, 304, 306; topography, 301; underground
water, 303; wells, 160, 303;
water of, quality, 169.
Blairsburg, well near............ 845
Blairtown, wells at ........... 432, 438
Blakesville, well near............ 728
Blencoe. well near ......••...•... 1056
Bliedorn, wells near............. 458
Bloomfield, geology at, 45; wells
at, 623; water of, quality,
195.
Blue Grass, wells at .•...•..••.. 605
Bluffton, springs near, 412; wells
at, 417.
BOilers, corrosion in, causes, 256;
interpretation of analyses in
regard to, 258; nature of, 255;
water softening in, 247.
Boiler scale, composition, 244; deposition, 242; prevention, 247;
properties, 245.
Boiler water, improvement, 247;
requirements, 241; scale-forming powers, 246.
Bonaparte, water supply at ...... 717
Boone, flowing wells at, 815; geology at, 73, 74, 76, 77, 79, 82,
85, 89, 91, 95, 98; wells at and
near, 110, 147, 158, 813, 815;
records of, plates showing,
458, 814; water of, quality,
189, 208, 270, 277, 815.
Boone county, city and village
supplies, 815; flowing wells,
815; geology, 813; springs,
815; topography, 813; underground water, 814; wells, 814;
water of, quality, 189.
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Brainard, wells at............... 399
Braydon, well near .............. 1124
Bremer county, buried channel,
315; city and village supplies,
319; geology, 312; topography,
312; underground water, 312-;
wells, 31.4; water of, quality,
169.
Bremer "River," buried channel of 315
Bridgewater, wells at and near,
931; water of, quality, 177.
Bristow; wells at ................ 758
Britt, wells at, 780, 782, 783; water
of, quality of, 172.
Brompton, wells near............ 978
Brooklyn, wells at and near, 577,
585; water of, quality, 181,
183, 278.
Brooks, wells at ....••.•••.•....• 1113
Brookville, well at............... 657
Browns, geology at, 456; wells at,
473, 474; water of, quality,
184.
Bryant, geology near, 457; wells
at, 473, 475.
•
Buchanan, wells at .............• 447
Buchanan county, city and village
supplies, 337; geology, 103,
333; springs, 336; topography,
333; underground water, 334;
wells, 160, 335; water of, quality, 169.
Buchanan gravel, occurrence and
character, 303, 409, 423, 506,
871, 901; water in, 134, 303,
334, 424, 507, 575, 753, 872.
Buckeye, wells near .... .' .... 847, 853
Buckingham, wells at, water of,
quality of .•...•.......•..... 182
Buckley, wells at .••............. 821
Buena Vista, wells at ............ 473
Buena Vista county, city and village supplies, 1011; geology,
1009; topography, 49, 1009;
underground water, 1 0 0 9 ;
wells, 1009; water of, head,
1010; quality, 177.
Buffalo, wells at ... '" . . . . . . . . . . •. 605
Buffalo Center, wells at, 800;
water of, head of, 791, 799.
Bunnell, F. 0., aid of............ 47
Buried river channels. description
of, 315, 455, 457. 488, 505. 518,
537, 587, 629, 642. 674, 705,
992. See also Bremer channel; Stanwood channel, Cleona channel.

INDEX

1190

Burlington, geology at, 70, 76, 77,
81, 84, 86, 92, 94, 95, 619; wells
at, 619, 630, 632; plates showing, ' 618, 626; water of, head,
140, 142, 155, 619; quality, 125,
192, 193, 195, 206, 208, 270,
272.
Burlington limestone, occurrence
and,. character, 96, 643, 651,
672, 694, 715; springs from,
127, 631; water in, 127, 629,
644, 675.
Burt, wells at, 793; water of, head,
791, 793; quality, 171.
Bussey, wells at and near .... 713, 967
Butler county, city and village
supplies, 757; geology, ' 749,
752; springs, 756; topography,
751; underground water, 753;
wells, 160, 753; water of, quality, 173.
'
Buxton, geology near, 975; water
supply at, 979.
C
Cairo, well near.... .. ..... . .....
Calamus, well at ... . ........ ... ..
Calcic carbonated alkaline waters,
. distribution and character of.
Calcic sulphated alkaline-saline
waters, distribuU.on and character of .....................
Calhoun county, city and village
supplies, 1014; flowing wells,
1014; geology, 1013; springs,
1014; topography, 1013; . underground water, 174, 1014 ;
wells in, 1014; water of, qualIty, 174, 178.
Calmar, wells at, 411, 413; plate
showing, 280; water of, head,
143; quality, 168, 206.
Calvin, SamueL .......... 32, 285,
Cambria, wells at, wa.ter of, qual. ity of .......................
Cambrian rocks, occurrence and
character of, 67, 71; springs
from, 116; water in, 107, 110;
quality, 118. See also Jordan
sandstone; St. Lawrence formation.
Cambridge, wells at. ......... 902,
Canby, well near.............. . .
Canoe, wells at..................
Cantril, wells at and near, 719;
wells at, water of, quality,
195, 274 . .
Carbon, springs near, 1112; wells
near, 1113.

702
477
275
274

333
201

905
931
417

Carboniferous rocks, occurrence
and character, 67, 94; water ·
in, 126; quality, 130. See also
Mississippian rocks; Pennsylvanian. rocks.
Carlisle, wells at, water of, quality ................ . ........ 200
Carpenter, wells at, water of, quality, ......................... 172
Carroll, wells at and near, 1024,
1026; water of, quality, 179.
Carroll county, city and village
supplies, 1024; flowing wells,
1024; geology, 1023; springs,
1024; topography, 49, 1022;
underground . water,
1023;
wells in, 1023; water of, quality, 179.
Carson, water supply at ......... 1166
Cascade, water supply at ......... 379
Casings, well, corrosion of, causes,
236; defects, 108, 153; effects
of mineral water on, 234; life,
108; materials, 235; necessity, 145.
Cass county, city and village supplies, 1119; geology, 1117;
springs, 132; topography, 1117,
underground
water,
1118;
wells, 1118; water of, quality,
203.
Castalia, . wells at..... . ..... . .... 417
Castana, water supply at and
near ............. . .... 1057-1059
Cedar county, city and village
supplies, 447; geology, 440,
613; topography, 439; wells
in, 443; plates showing, 448,
458; water of, quality, 184.
Cedar Falls, geology at, 306;
. springs at, 125, 306; wells at,
306, 307.
Cedar Rapids, geology at, 70, 72,
75, 85, 89; wells at, 110, 234,
421, 539; plate showing, 458;
water of, head, 155; quality,
of, 150, 180, 182.
Cedar river, description, 301, 312;
water of, quality, 232.
Cedar: Valley limestone, distribution of, map showing, Pocket;
occurrence and character, 92,
303, 334, 423, 508, 534, 559,
752; water in, 303, 336, 425,
753. See also Devonian rocks.
Center Junction, wells at and
near ................... . 523, 530
Center Point, geology at, 533; wells
at, 545.

INDEX
Centerville, geology at, 76, 77, 89,
92, 98, 675, 924, 1002; wells at,
122, .158, 934; plates showing,
448, 814; water of, head, 142,
934; quality, 201, 206, 208, 234,
272, 925, 937.

Central City, geology at, 538; wells
at, 543.
Central district, counties in, 811;
oounties in, descriptions of,
813-922; geology of, 811; location of, map showing, 165; precipitation in, "62; well waters
of, 811; quality, 186, 205, 211,
812; map showing, 165.
Centralia, wells near : ....... . . . .. 390
Cerro Gordo county, city and village supplies, 760; fiowing
wells, 761; geology, 92, 749,
759; topography, 759; under. ground water, 759; wells,
759; water of, head, 760; quality, 172.
Chadbourn, W. H ., aid of. ... . .. 47
Chariton, geology at, 928; well at,
453, 954.

Chariton conglomerate, correlation
of .. :....................... 99
Charles City, geology at, 74, 75, '82,
83, 85, 87, 88, 776; precipitation at, 64; temperature at,
61; wells at, 771; records of,
plates showing, 280, 324; rock .
from, analyses of, 773; water
of, head, 771; quality, 173,
206, 208; yield, 148.
Charleston, wells at ............. 688
Charlotte, wells at .. ... ....... . . 473
Charter Oak, wells at and near,
1038; water of, quality, 179.
Chelsea, wells at, 613; water of,
quality of, 182, 275.
Chemical investigation of well
w.a ters, scope of............. 46
Cherokee, geology at, 84, 86, 1005;
wells at and near, 126, 1006,
1027, 1029; plates showing,
310, 1006; rock of, analysis,
1032; water of, head, 1029;
quality, 177" 274, 1032.
Cherokee county, city and village
supplies, 1029; geology, 1027;
topography, 1027; un d e rground water, 1027; wells,
1027; water of, head, 1028;
quality, 177.
Chest,er, fiowing wells near ...... . 405
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Chickasaw county, city and village
supplies, 341; . geology, 339;
springs, 341; topography, 339;
underground water, 340; wells,
160, 340; water of, quality,
169.

Chillicothe, Missouri, geology at ... 926
Church, wells. at................ . 299
Churdan, wells near............. 831
Cities, water supplies of........ . ~14
See also particular cities.

ClaI"ence, water supply at .......
Clarinda, geology at, 1100; wells
at, 1155, 1156; water of, qual,
ity, 204.
Clarion, geology near, 804; wells
at and near, 805, 808; water
of, head, 806; quality, 173.
Clarke county, city and village
supplies, 841; geology, 939;
springs, 130, 941; topography,
939; underground water, 939;
wells, 939.
Clarkesville, spring at, 757; wells
at and near ............. 754,
Clay county, city and village supplies, 1035; geology, 1033;
topography, 1033;· u n d e r ground water, 1034; wells,
1034; water of, quality, 177.
Clayton, water supply at . ..... ..
Clayton county, city and village
supplies, 350; fiowing wells,
348; geology, 71, 75, 86, 343;
springs, 349; topography, 50,
342; underground water, 346;
wells, 114, 115, 116, 119, 280,
346 ; 'Yater of, head, 347, 348;
quality, 169.
Clear Lake, water supp~y at .....
Clemons, wells at and near .....
Cleona channel, description of ..
Clermont, springs and wells at

447

757

350

760
874
587

......................... 399, 403

Climate, character of. . .......... 59
Clinton, geology at, 83, 85, 420;
wells at, 158, 458; plate showing, 458; water of, head, 140,
155; quality, 180, 184, 206, 208.
Clinton county, city and village
supplies, 458; geology, 87, 454;
springs, 458; topography, 454;
underground water, 455; wells,
122, 455; plate showing, 458;
water of, quality, 184.
Clogging of wells, causes of, 152,
219; remedies for, 152, 153,
222 . .

ClutIer, wells at, 613, 617; water
of, quaUty of, 182.
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Coal Measures. See Pennsylvanian
rocks.
Coggon, wells !lit and near .." . 368, 543
Coggon beds, occurrence and character of .................... 534
Coin, well at ... ................. 1158
Colesburg, wells at ..... .. ... . ... 368
Colfax, mineral wells at, 858;
wells at, 863; water of, 267;
quality, 186, 191, 267,· 274, 863.
Collins, wells at and near .... 905, 913
Colo, wells at, water of, quality... 189
Colorado stage, distribution of,
map showing, pocket; occurrence and character of, 100.
See also Cretaceous rocks.
Columbia, wells at, water of, quality of ...................... 200
Columbus City, well at . . ..... . ... 703
Columbus Junction, geology near,
693; water supply of, 698.
Columnar section, plate showing . . 66
Comanche, wells at .. ............ 473
Compton, wells at ............... 368
Conesville, wells at.............. 570
Conover, wells at ................ 417
Coon Rapids, water supply at .... 1025
Cooper, wells at, water of, quality of .... . ................. 189
Coralville, wells at .............. 508
Corning, water supply at, 1112 ;
water of, quality, 203.
Correctionville, wells at and near,
. . ..................••. 1098, 1099

. Correlation, methods of.......... 40
Corrosion. See Casings; Boilers.
Corwith, water supply at, 783;
wells at, water of, head, 782,
791, 806; quality, 172.
Corydon, geology at, 928; water
supply lilt, 1003; wells at, 1001.
Cottage, wells near. . ............ 847
Cotter, wells at ...... . ...... 700, 703
Cottonwood, wells at and near
............... . ......... 688, 692

Council Bluffs, geology at, 91, 1100,
1161, 1164; wells at, 126, 128,
1103, 1161, 1164, 1167; - water
of, head, 155, 156; quality, 197,
202, 1165, 1167.

Counties, selection of, as units of
investigation ............ . . .
Country rock, waters of, discrimina.tion of, from artesian
waters ................... 31,
Covington, wells at, water of,
quality of ............ ... 122,
Cranston, wells at ........ _.. .. ..

32
106
183
570

Crawford county, city and village
supplies, 1037; geology, 1035;
springs, 1037;
topography,
1035;
underground
water,
1036; wells, 1036; water of,
quality, 179.
Crawfordsville, wells at. _.. . _. . . . 746
Cresco, wells at, 406; water of,
head, 406; quality, 168.
Creston, geology at, 928; water
supply, 990.
Cretaceous rocks, occurrence and
character, 68, 100, 827, 836;
springs from, 132; water in,
107, 132, 836; quality, 132;
See also Dakota sandstone;
Colorado group; particular
county descriptions, pp. 1005-

1186.

Crevices in rocks, water supply
due to ...................... 151
Croton, springs and wells at..... 688
Crystal, wells at ................. 617
Cylinder, wells at, 1069; wells at,
head, 1070.
D
Dahlonega, wells near.. . ........ 726
Dakota sandstone, distribution of,
map showing, pocket; occurrence and character, 100, 929;
springs from, 132, 929; water
in, 107, 132, 929; quality, 119,
132, 1052, 1111. See also particular county descrilptions, pp.
1005-1186; Cretaceous rocks.
Da1l3lS, geology near........ . .... 967
Dallas county, City and village
supplies, 826; fiowing wells,
823,825; geology, 822; springs,
824; structure, 812; topography, 822; underground water, 823; wells, 813, 823; water of, quality, 190.
Danville, geology near, 629; wells
at and near, 639, 640.
Davenport, geology at, 81, 91, 594,
618; precipitation at, 64; temperatures at, 61;, water supply
at, 593; wells lilt, 421, 591, 596;
plate showing, 618, 812; water
of, head, 140, 142, 143, 156;
quality, 115, 180, 185, 208.
Davenport . beds, occurrence and
character ............ . .. 535, 559,
Davidson, G. M., aid of, 47; softening apparatus devised by, 251.

INDEX
Davis county, city and village supplies, 623; geology, 621; tOPQgraphy, 62~; underground water, 622; wells, 622; water of,
quality, 195.
Dayton, geology at, 95, 98; wells
at, 916, 922; plate showing,
814; water of, quality, 188,208.
Decatur county, city and village
supplies, 947; geology, 942; topography, 49, 942; underground water, 944; wells, 944;
water of, quality, 201, 945, 948.
Decorah, springs near, 412;' wells
at; 411, 415; water of, quality,
168.
Decorah Ice Cave, description of..
Decorah shale, distribution of,
map showing, pocket; occurrence and character, 83, 344,
' 375, '408, 1107, 1109; thickness,
85, 619; water in, 114.
Deep River, wells at and near, 578,
585; water of, quality, 183.
'Delaware county, city and village
supplies, 364; geology, 359;
springs, 122, 363; topography,
359; underground water, 360;
wells, 160, 360; water of, quality, 169.
Delhi, springs at . and near, 364;
wells at , and near, 361; 368.
Delmar, wells at ............. 471,
Delta, section at, 663; wells at, 668.
Demarcation of formations, difficulties of ...........•.......
Denison, wells at and near, 1037,
1039; water of, quality, 179.
Denmark, wells at and near .. 671,
Denver, geology near, 312; wells
of, 319.
Derby, spring near, 954; wells
near, 955.
Des Moines, flowing wells at, 888,
899; geology at, 73, 76, 77, 80,
82, 84, 89, 90, 99, 750; precipitation at, 64; temperature, at,
61; water supply at, 889, 899;
wells at, 126, 147, 158, 890;
plates showing, 626, 812, 814;
water of, quality, 190, 206, 208,
267, 270, 890.
Des Moines county, city and viIIage supplies, 632; flowing
wells, 629; geology, 618, 626;
springs, 631; topography, 625;
underground water, 627; wells,
629, 631, 632; water of, quality, 195.
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Des Moines stage, distribution of,
map showing, pocket; flowing
wells, 128; occurrence and
character, 98,506,576, 622,.627,
705, 723, 784; springs, 129;
structure, 1108; water in, 128,
576, 707. See also Pennsylvanian rocks; particular county descriptions, 811-1186.

412

Des Moines riv.er, water of, quality ........... .....•...... .. 231
Devonian rocks, occurrence and
character, 67, 92, 749, 1007,
1102, 1109; springs, 124, 395; '
structure, 618, 750; water,
123, 1110; quality, 119, 125.
See also Sweetland Creek
shale; Lime Creek · shale; Cedar Valley limestone; Wapsipinicon limestone; particular
county descriptions.

474
43
690

DeWitt, springs near, 458; wells
at, -457, 471, 478; plate showing, 458; water of, qualitY, ,185.
Diagonal, wells ,at, 985 ; water of,
quality, 201.
Dickinson county, City and village
suppltes, 1041; geology, 1040;
topography, 1039; underground
water, 1040; wells, 1040; water of, quality, 176.
Dike, wells at, water of, quality.. 189
Dip, correlation by.... .... ...... 43
Districts, division of state into,
map' showing ............... 165
Dixon, geology near, 590; wells at,
605..
Dodgeville, geology near.. ... .... 629
Domestic water supplies. See municipal and domestic supplies.
Donahue, water supply at ........ 604
Donnan, wells at................ 399
Doon, water supply at, 1053; wells
at, water of, quality, 176.
Dorchester, springs near, 293, 299;
wells at and near, 299, 300.
Douds Leando, wells at .......... 719
Dougherty, wells at, 761; wells at,
water of, quality, 172.
Douglass; wells at ............... 399
Dow City, wells at and near .. .... 1038
'Dows, water supply at, 809; well
at, head, 806.
Drainage, description of . .... 49, 51-59
Drainage wells, location and use
of ............ ......... .. 799, 807
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Dresbach sandstone, character, 73;
distribution, 72, 279, 750, 1006;
structure of, 279; . water in,
107; 111, 280, 421; hJead of,
142; quality of, 118. See also
particular county descriptions.

Drift, occurrence and character of
Drift, waters of, discrimination of,
from artesian waters, 31, 105;
use of, for water supply, 213.

52

See also particular county descriptions.

Drift areas, descrip·t ion of. . . . . . . . 52
Driftless area, description of, 50;
water in, 136.
Drillers, opinions of, value of ... _ 46
Drill holes, diameter, 146; sinking,
217; dfficulties in, 145.
Drillings, samples from, collection,
35; erroneous deductions from,
38; examination, 37; mixtures,
39.

Dubuque, geology at, 72-74, 85,
286, 374; precipitation at, 64;
temperatur,es at, 61; wells at,
152, 158, 280, 380; records of,
plate showing, 310; water of,
head, 140, 142, 156, 378, 380;
quality, 140; 180, 206, 208, 231,
265, 270.

Dubuque county, city and village
supplies, 379; geology, 373;
springs, 378; topography, 50,
372; underground water, 280,
376; wells, 114-116, 378, 380;
water of, head, 378, 380; quality, 170.
Dudley, wells near . . ........ 727, 738
Dumont, wells at, 754, 758; water
of, quality, 173.
Duncombe, wells near, 845; wells
near, water of, quality, 188.
Dundee, wells at ................ 368
Dunkerton, water supply at.. . . . . 304
Dunlap, geology at, 1102, 1129,
1130; wells at and near, 1038,
113.1; plate showing, 458; water of, quality, 197, 202, 206,
274.

Dunreath, wells near............. 966
Durango, w,ells at ..... .. .... . · · .. 389
Durant, geology near, 441, 445,
587; water supply at, 447.
Dyersville, wells at and near .. . ..
. . . . . . . . . . . . . . . . . . . . . 370, 371, 388

Eagle Grove, wells at, 809; water
of, head, 806; quality, 173.
Earling, water supply at ...... .. . 1179
Earlville, water supply at .. .. .... 364
Early, wells at and near . .. 1087, 1088
East Amana, wells at . . .......... 481
East central district, counties, 420;
counties in, descriptions, 422617; geology, 279; location of,
map showing, 165; precipitation in, 64; well . waters, 421;
quality, 180, 20q, 211; map
showing, 165.
East Iowa City, water supply at.. 513
Eddyville, wells at and near, 267,
727, 728, 738, 965, 976; water
of, quality, 195, 267, 729.
Ed/;,ewood, wells at ... . .... . .... . 355
Elberon, wells near .. . ...... :.. . . 613
Eldora, springs near, 848; wells
at, 850, 853;. water of, quality,
188, 277.

Eldorado, wells at . ......... ',' ... 399
Eldridge, water supply at, 604;
wells at, water of, quality, 185.
Elgin, wells at ........... . ... 399, 403
Elkader, flowing wells at, 348; water of, quality, 169; geology at,
348; water supply at, 350.
Ellendale, wells at, water of, quality of .................. .. .. 177
Elliott, water supply at ... . ... ... 1151
Ellsworth; well at, 845; wells at,
water of, quality, 188, 278.
Elon, springs near, 294, 299; wells
at, 299.

Elrick, wells at .. . ......... . .... 700
Elvira, wells at . ............. 473, 476
Elwood, geology near.. . .. . .... . . 455
Ely, geology at, 533; wells at, 545.
Emery, wells at ................ . 761
Emmet county, city and village
supplies, 1044; geology, 1042; .
topography, 1042; underground
water of, 174, 1043;· wells in,
1044; water of, quality of,
174, 176.

Emmetsburg, geology at, 70, 80, ·
84, 86, 749; wells at and near,
1006, 1035, 1067, 1068, 1070;

records of, plate showing, 814;
water of, head, 1070; quality,
119, 174, 177, 206, 208.

Epworth, geology near, 376; wells
at and near, 389, 390.
Essex, water supply at. .... 1155, 1159
Estherville, water supply at, 1045;
wells at, 1043.
Exira, water supply at .... . .. . .. . 1117
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Fairbank, geology at, 394; wells
at, water of, quality, 169.
Fairfax, geology at, 533; wells at,
545.
Fairfield, wells at . . ...... 652, 654, 658
Fairground, well at...... . .... .. . 649
Fairport, wells at..... . . . ... . .... 570
Farley, geology near, 377; wells
at and near, 389, 390; water
of, quality, 170.
Farmersburg, wells at, 355; wells
at, head, 347.
Farmington, flowing well at, 718;
wells at, 122, 718; water of,
quality, 195, 266.
Farms, water supplies, 215; wells
on, pollution, 229.
See also
particular county descriptiOns.

Farson, wells near, 738; wells at,
water of, quality, 195.
Fayette, springs near, 395; wells
at and near, 396, 402.
Fayette county, city and village
supplies in, 396; geology, 392;
. springs, 395; topography, 391;
'Underground water, 393; wells,
393; water of, quality, 169.
Feed-water heaters, softening in..
Ferguson, wells near ..... . ... 876,
Filtration, occasional failure of..
Flagler, wells at, 267, 965, 968; water of, quality of, 197, 200, 208,
267, 270, 272.
Florence, wells at, head in .. . ·...
Flowing wells, distribution of,
map sh(}wing, pocket. See also
artesian waters; particular

248
882
226

806

counties, places, etc.

Floyd county, City and village supplies in, 771; geology, ·769;
springs, 771; structure, 749;
topography, 769; underground
water, 770; wells, 160, 770;
.water of, quality, 173.
Folletts, w~lls at : ............ 473, 478
Fonda, wells at, 1079, 1081; water
of, head, 1011, 1080; quality,
.177.
Fontanelle, wells near, 931; wells
.
near, water of, quality, 200,
267.
Ford, wells near................. 994
Forest City, Missouri, geology at .. 1102
Forest City, Iowa, wells at, 799,
800, 805; water of, head, 799,
800; quality, 17l,1
Forestville, well near........ . ... 371
Formation. See Rock formations.
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Fort Atkinson, wells at ... ·.... 417, 419
Fort Crook, Nebr., geology at, 1161,
1162, 1166; well at, 1172; rocks
from, analyses of, 1173.
Fort Dodge, flowing wells at, 917;
geology at, 45, 77, 85, 87, 89,
95, 98, 100; wells at and near,
917, 921; plates showing, · 310,
814 ; rocks from, analyses, 920;
water of, quality, 186, 188, 206,
208, 270.
Fort Madison, geology at, 92, 95,
619, 674; wells at, 157, 619,
677, 690; plate showing, 618;
water of, head, 140, 153, 157;
quality of, 196, 206, 208, 270,.
677.
Fossils, correlation by means of.. 40
Foster, wells at ........ . ........ 978
Franklin, well near.......... . ... 692
Franklin county, city and village
supplies, 776; flowing wells,
776; geology, 94, 749, 775;
springs, 776; topography, 775;
underground water, 775; wells,
160, 776; water of, quality of,
173.
Frankville; wells at ............. . 417
Frederica, wells at ........ .. .... 320
Fredericksburg, water supply at.. 341
Fredonia, wells· at ............. . . 700
Fre(lport, wells at ................ 417
Fremont county, city and village
supplies, 1127; geology, 1125;
springs, 1127;
topography,
1125; underground water, 1126;
wells, 1126; water of, quality
of, 203.
Froelich; wells at .............. . . 355
Frosts, occurr·e nce of......... . . . 61
Fruitland, wells at ............... 570
G

Galena, Ill., well at, record of.... 388
Galena dolomite, change in composition, 41, 85; character, 85;
discrimination, 630, 675; distribution, 85, 619, 750, 1007,
1109; map' showing, pocket;
springs from, 115, 287, 292,
350, 412; structure, 619; thickness, 85, 619; water in, 114,
421, 619, 812; head, 143, 347,
411, 456; quality, 119. See also
particular county descriptions.

Galt, well at, head in.......... . . 806
Galva, wells at, water of, quality
of .. .................... . .... 178
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Garner, water supply at, 783;
wells at, water of, head, 782;
water of, quality, 172.
Geologic history, outline of......
Geologic sections. See Sections,
geologic.
Geology, account of, 67-104; columnar section showing, 66;
relation of, to quality of water, 108. See also particular
counties.
Germania, wells at, water of, head,
791; wells at, water of, quality, 171.
Germanville, wells at ............
, Gibson, wells at . . .... . ..........
Gilbert, wells at and near........
Gilman, wells at and near........
Gilmore, geology near, 1078, 1079;
water supply at, 1081; wells
at, head in, 1080.
Glacier-s, deposits, 52; extent, 50,

47

Greene county, artesian basins,
828; city and village supplies,
829; geology, 827; springs,
829; topography, 827; underground water, 828; wells, 828;
water of, quality, 189.
Greenfield, geology at, 928; wells
at and near, 930, 93l.
Green Island, wells at, 494, 503;
record of, plate showing, 448;
water of, head, 140; quality,
180, 183.

655
668
913
876

52.

Gladbrook, well at, 617; wells at,
water of, quality, 182. .
Glasgow, well near .... : .......... 656
Glendale, wells at and near ... 65,5, 656
Glenwood, geology at, 91, 95, 98,
99, 924, 1102, 1108, 1109, 1161,
1162; wells at, 128, 158, 1137;
plate showing, 1100; water of,
quality of, 123, 197, 203, 206,
271, 1103, 1138.
.
Glenwood shale, correlation, 83;
occurrence and character, 374.
Glidden, wells at and near, 1025,
1026; water of, quality, 179.

Goldfield, wells at, head in ...... 806
Goodell, wells at, water of, quality
.
of ...................... ·.... 172
Goose Lake, wells at. ............ 473
Gosport, geology near............ 967
Gowrie, wells at, 920, 922; water
of, quality, 125, 188.
Grace Hill, wells near ............ 747
Graettinger, water supply at ..... 1072
Graham, wells near .............. 390
Grand Junction, wells at, 829, 831;
wells at, water of, q)lality, 189.
Grand Mound, springs at, 458;
wells at, 472, 477, 478; water
of, quality, 185.
Grand View, wells at ............ 700
Granger, springs at .............. 539
Granville, water supply at ........ 1091
GraVieI screens, development of... 224
Greeley, wells at .. . .......... 368, 371
Greene, wells at and near .... 753, 757

Green Mountain, wells near ... 874, 881
Gridley, wells at, water of, quality 176
Grinnell, geology at, 88, 90, 93, 95,
575; wells at, 108, 234, 235, 273,
577, 578, 584; plates showing,
4'20, 812; water of, 421; quality, 123, 131, 181, 183, 206, 208,
273, 274.

Griswold, wells at, 1123, 1124; water of, quality, 203.
Gruber Ridge, geology of ......... 291
Grundy Oenter, wells at, 833; water of, quality, 125, 189.
Grundy county, city and village
supplies, 833; geology, 832;
springs, 833; topography, 832;
underground water, 832; wells
in, 160, 186, 833; water of,
quality, 189.
Guthrie Center, wells at, 837; water of, quality, 190.
Guthrie county, city and village
supplies, 837; flowing wells in,
837; geology, 835; topography,
49, 835; underground water,
836; wells, 813, 836; water of,
quality, 190.
Guttenberg, water supply at ...... 350
Gypsum, presence of, correlation
by, 42, 90.

H
Hackberry substage, correlation,
92; ,deposits of, occurrence and
character, 752.
HaIfa, wells at, water of, quality
of, 176.
Hamburg, wells at, 1126, 1127; water of, quality, 203. ,
Hamilton, spring near, 967; wells
near, 967.
,
Hamilton county, city and village
supplies, 843; flowing wells,
843; geology, 842; springs,
843; topography, 842; underground water, 128, 130, 842;
wells, 186, 843; water of, qual·
ity, 130, 186, 188.

r

INDEX
Hampton, geology at, 83, 85, 87, 88,
93, 95; springs at, 776; water
supply at, 776; well at, 119,
777; water of, quality, 119, 173,
208.
Hancock county, city and village
supplies, 783; flowing wells,
782; geology, 780; topography,
780; underground water, 781;
wells, 781; water of, head, 781;
quality, 172.
Hanlonton, wells at, 803 ; wells at,
water of, quality, 125, 171.
Harcourt, wells at, water of, quality of, 188.
Hardin county, city and village
supplies, 848; flowing wells,
- 847, 852, 853; geology, 846;
springs, 848; topography, 846 ;
underground water, 130, 847;
wells, 186, 847; quality, 130,
188.
Harker, well at ............ .. .... 668
Harlan, geology at, 1104; water
supply at, 1180.
.
Harpers, wells near.... . ........ 669
Harpers Ferry, springs at, 299;
wells at and near, 299, 300.
Harrison county, city and village
supplies, 1131; geology, 1129;
topography, 1129; und·e rground
water, 1129; wells, 1130; plate
showing, 458; water of, quality, 202 ..
Hartley, water supply at, 1061;
well at, water of, quality, 176,
274.
Harvey, wells at and near ..... 967, 973
Haskins, wells at . . . ; ............ 746
Hastings, wells at, 1145; wells at,
water of, quality, 203.
Havelock, wells at, head in . ...... 1080
Haverhill, wells near . ..... .. 875, 882
Hawarden, wells at, 1091; head in,
1080, 1090.
Hawkeye, water supply at ........ 397
Haysville, geology near, 664; wells
at, 668.
Hayward, J. K., and Smith, R. H.,
on mineral water classification 268
Hazel Green, wells at ............ 361
Head, definition, 138 ; factors affecting, 139; geographic distribution of, map showing, pocket; measurement, 139; relation
of, to geology, 141; plate showing, pocket ; See also particular

counties, places, etc.
Health, effect of mineral water on 233
Hedrick, wells at .. .. ·....... . . . . . 668
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Hendri:x:son, W. S., on chemical
composition of well water, 159211; on chemical investigation
of well water, 46; on mineral
waters, 138-278; on water supplies, 212-260; work of, 31.
Hendrixson, W. S., Norton, W. H.,
and Simpson, H. E., on geologic ocCurrence of underground water, 105-137.
Henry county, city and village supplies in, 645; geology, 643;
topography, 642; underground
water, 127, 644; wells, 644;
water of, quality, 195.
Herndon, wells at, 812, 838; rock
from, analysis, 839; water of,
quality, 190.
Hesper, geology near, 409; wells at
and near, 417, 418.
Highlandville, wells at . ..........
Hills, wells at ...................
Hillsboro, well near.. . . . . . . . . . . ..
Hocking, wells at and near. . . . . ..
Holland, wells at, water of, quality of, 189, 278.
Holstein, geology at, 79, 84, 86,
1005; wells at, 1006, 1047;
plate showing, 1006; water of,
head, 142; quality, 178, 206.
Homer, well near................
Homestead, geology at, 93; well at,
421, 481; plate showing, 812;
water of, quality of, 181, 183,
206, 208.
Honey Creek, wells at, water of,
quality of, 203.
Hopkinton, spring near, 363; wells
at and near, 364, 369.
Horton, water supply at. . . . . . . . ..
Houghton, wells near............
Howard county, city and village
supplies, 406; flowing wells,
405; geology, 404; springs,
124; topography, 404; underground water, 404; wells, 160,
405; water of, quality, 168.
Hubbard, wells at and near, 847,
851, 854; water of, quality of,
189.
Hudson, wells at, water of, quality of, 169.
.
Hull, geology at, 70; wells at, 1008,
1091; water of, head, 1075,
1090; quality, 176, 206, 274.
Humboldt, water supply of . . ....

414

508
648
978

845

313
691

786
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Humboldt county, city and village
supplies, 786; geology, 94, 749,
784; springs, 786; topography,
784; underground water, 785;
wells, 784; water of, head, 785;
quality, 173, 174.
Humeston, well at, 1000, 1001 ;
water of, quality, 100l.
Hutchins, well at, head in ........ 782
Hydraulic gradient, explanation of 141
I

Ice caves, description of ... ...... . 412
Ida county, city and village suppUes, 1047; geology, 1046;
springs, 1047;
topography,'
1045;
underground
water,
1046; wells, 1046; water of,
quality, 178.
Ida Grove, wells at and near .. ... . 1049
Illinoian drift, character, 55, 103;
distribution, 55, 103, 559 ~ 627,
643, 671, 694; map showing,
pocket; water, 134, 672.
Illinoian drift province, area of,
map showing, pocket ; topography, 55; water, 137,
Illyria, wells at... ...... . . . . . . . .. 399
Incrustation on well screens, difficulties due to, 219; material
of, , analysis, 221; remedies,
222. See also Clogging.
Independence, flowing well near,
338; water supply, 338.
Independence shale, correlation,
92; occurrence and character,
334, 535.
'
Indianola, geology at. . . . . . . . . . . . . 992
Industrial ' supplies, requirements
of, 240. See also Boiler wate'r .
Investigation, object of, 32; scope, '
31.

Ionia, wells at, water of, quality.. 167
Iowa Center, wells at ......... 902, 905
Iowa City, water supply at ....... 508
Iowa county, city and village supplies, 480; flowing wells, 480;
geology, 420, 478; topography,
478; underground water, 479;
wells, 479; water of, quality
of, 183,.
Iowa Falls, springs near, 848;
wells at and near, 847, 852;
record of, plate ,s howing, 310;
water of, quality, 189.
Iowa Hospital for Insane, wells of,
645; record of, plate showing,
626.
Iowan drift, character, 56; distribution, 56, 103; map showing,

pocket; water of, 134. See
also particular county descrip·
tions, pp. 279-617, 749-810.
Iowan drift province, area of, map
showing, pocket; topography,
56; water, 137.
I,o wa river valley, topography in,
505; water of, quality, 23l.
.Iowa State College, well at, 904,
907; record of, plate showing,
458.
Ireton, water supply at ......... . 1092
Iron tubing, effect of min-eral water on, 234.
Irving, geology at ........ .... ... 611
Irvinton, wells at, water of, qual- '
ity of, 17l.
Island City, well at, log of .. . .... 592

.1
Jackson county, city and village
supplies, 493; geology, 83, 87,
486; springs, 492; topography,
50, 486; underground water,
487; wells, 116, 487; water of,
quality, 183.
Jasper county, city and village
supplies, 863; flowing wells,
858; geology, 855; min-eral waters, 858; springs, 857; topography, 854; underground
water, 129, 186, 855; wells,
813, 856; water of, quality,
131, 191, 857.
Jefferson, geology at, 1007; wells
at, 1006; wells at and near,
828, 829; plate showing, 458;
water of, quality of, 186, 189.
Jefferson county, city and village
supplies, 654; geology, 650;
springs, 654; topography, 650;
und-erground water, 127, 652;
wells, 652.
Jesup, springs at and near, 337;
wells at, 339; water of, quality, 125, 169.
Jewell, wells at and near, 843,
845; water of, quality, 188.
Johnson county, city and village
supplies, 508; geology, 92; 420,
506; topography, 504; underground water, 507; wells, 507;
water of, quality, 184.
Jolley, well at . . . . .......... ; .... 1022
Jones county, city and village supplies, 520;
geology,
515; .
springs, 519; topography, 515;
underground water, 516; wells
in, 122, 516; water of, quality
of, 183.
'

INDEX
Jordan sandstone, character, 76;
distribution, 75, 279, 750, 812,
1006; map showing, pocket;
-outcrops, 279; springs, 112;
structure, 279; water, 107, 111,
280, 421, 812; head, 142. See
also particular county descriptions.

Jumbo well, description of.. ..... 427
K

Kansan drift, occurrence and character , 53, 102 ; water of, 133,
304, 312, 334, 346, 424, 441, 612.
See' also particular county descriptions.

Kansan drift province, area of,
map showing, pocket; topography, 53 ; water in, 136.
Kellerton, wells at, 985 ; wells at,
water of, quality, 201, 267.
Kellogg, wells at and near .. .. 864, 868
Kent, wells at, water of, quality o·f 201
Kenwood beds, occurrence and
.
cliaracter of .. ........ .. . .... 535
Keokuk, geology at, 81, 95, 619,
672; precipitation at, 63, 64 ;
temperatures at, 61 ; wells at
and near, 674, 681, 689; plate
showing, 618; water 'of, head,
140, 157 ; quality, 180, 193,
196, 208, 270, 272.

Keokuk county, city and village
supplies, 665 ; geology, 660 ;
springs, 665 ; topography, 660;
underground water, 127, 192,
662; wells, 665; water of, quality, 194.
Keokuk limestone, occurrence and
character of, 96, 643.
Keosauqua, wells at and near ....
. .. . ..... . .... ..... . . 717, 718, 721
Keota, wells at, 665, 747; water
of, quality, 194.
Keswick, geology at . .... . ........ 661
Keystone, wells at 'and near, 426,
432; water of, quality, 182.
Kidder, well at .. ... ........ . .... 389

Kiersted, W., on Muscatine water
supply ..... ....... . . . ... ..... 563
Kilbourne, wells at . .......... 719, 720
Kimballton, water supply at ...... 1117
Kinderhook stage, distribution of,
map showing, pocket; flowing
wells from, 126; occurrence
and character, 94, 423, 506,
614, 1102, 1109; water, 126,
484. See also Mississippian;
particular coun·t y descr i ptions,
.
pp. 618-1186.
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Kingsley, water supply at. ....... 1076
Kinross, wells at and near... .. .. 668
Kirkman, water supply at. .... .. 1180
Kirkville, wells near ......... 727, 738
Klemme, well at, head in. . ...... 782
Knoxville, geology at, 928, 966 ; water supply at, 968; wells at and
near, 966; 973; water of, quality, 197, 200, 267, 270, 272,
274.
Kossuth, geology near.. ......... 629
Kossuth ,c ounty, city and village
supplies, 79~; geology, 749,
787; topography, 78.7 ; underground water, 789; wells, 788;
water of, head, 790; quality,
171, 174.
L

Lacey, wells at ... . ............ .. 711
La' Crew, wells at ............... 688
Lake City, Wlells at and near, 1014,
1022; water of, quality, 178.
Lake Mills, wells at, 801; water of,
head, 799; quality, 125, 171,
277.

Lake Park, wells at, 1040, 1041 ;
water of, quality, 176, 275.
Lakes, occurrence of... .......... 58
Lamoille, well near. ....... ... ... 882
Lamont, geology at, 943; water..
supply at, 947.
La Motte, water supply at . . . . . . .. 494
Lane, Nebr., well at, record of. . .. 1171
Lanesboro, wells near, 1026 ; water of, quality, 179.
Langworthy, wells at .. ..... .. 523, 529
Lansing, geology at, 70, 71, 75, 285;
wells at and near, 294, 300;
water' of, head, 140; quality,
168, 208 .

La Porte, geology at. . . . . . . . . . . .. 305
Larson, wells at ...... .. .......... 725
Latimer , wells at, 779, 805 ; water
of, quality, 173.
Latta, geology near, 629; well at,
641.

Laurel, well near ......... ...:692,. 875
Laurens, :wells at, 1079, 1082; water of, head, 1080; quality, 177.
Le ClaiJ.;e, wells at ............ . . 604
Lee county, city and village supplies, 676; geology, 618, 671 ;
springs, 676; topography, 670;
underground water, 127, 672;
wells, 674; water of, quality,
196.

Le Grande, wells near ........ 874, 882
Lehigh, wells near............ ... 921
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Le Mars, geology, 68, 1006; wells
Lohrville, wells at and near, 1015,
at, 1076; plate showing, 310;
1022; water of, quality, 178.
water of, head, 1075, 1090;
Lone Tree, water supply at ...... 510
quality, 177.
Long Grove, wells at .. ... . ...... 605
Leon, geology at, 928; wells at, 943,
Long Point, woells at ............ . 613
948; water of, quality, 201,
Lorimer, wells at, water of, quality of, 201.
942.
Lester, woell near .... . ........... 1053 Lost Nation, wells near . .. . .. 455, 473
Letts, gedlogy at, 84, 93, 618, 695;
Louisa county, city and village
wells at and near, 696, 703;
supplies, 698 ; geology, 694 ;
plate showing, 660; rock from,
springs,' 698 ; topography, 693;
underground . water,
695 ;
analyses, 698.
Lewis, springs at, 132 ; well at,
wells, 696 ; plate showing; 660 ;
1123, 1124.
water of, quality, 195.
Lexington, weils near. .. .... ..... 747 Lovilia, wells at.. . ........... ... 977
Libertyville, well near. .. . ..... . 657 Lowden, geology near, 444; wells
Lidderdale, wells near .. ... .... . . 1026
at, 447; water of, quality, 184.
Lima, wells at ........ . .......... 399 Lowoell, wells at .............. 644, 648
Lime City, geology near ... .. . 441, 445 Lower Magnesian limestone. See
Lime Creek shale, distribution of,
Prairie du Chien group.
map showing, pocket; occurLow Moor, wells at ...... ... .. . .. 473
rence and character of, 92, 93,
Luana, wells at and near ..... 355, 358
. Lucas, spring near, 954; wells at,
752, 754, 756; water in, 753.
See also Devonian rocks.
955.
Lime Springs, wells at, water of,
Lucas county, city and villag~
. quality of, 168.
supplies, 954; geo\.ogy, 950;
Lincoln, Nebr., geology at, 80, 926,
springs, 953; streams, 951 ;
topography, 949; underground
1102; 1108, 1163.
Lineville, wells near .. . . .. .. ... .. 1003
water, 952; woells, 952; water
of, quality, 201, 952.
Linn county, buried channels, 537;
Luray, well near ...... . ....... ·... 882
city and village supplies, 539;
geology, 534; springs, 539; toLuther, wells near .... ·... . ....... 822
pography, 533; underground
Luton, wells at, water of, qualwater, 535; wells, 122, 535;
ity of, 178.
plate showing, 458; water of,
Luverne, wells at and near, 788,
789 ; water of, head, 791, 806;
quality, 182.
quality, 171.
Linton, well at ......... .. ..... . . 641
Linwood, wells at ............... 378 Luzerne, water supply at ...... .. 432
Lynnville, wells at, water of, qual·
Lisbon, geology at, 533, 538; spring
ity of, 191.
. at, 539, 543; water supply at,
Lyon county, city and village sup543; water of, quality, 183.
plies, 1053; geology, 1006, 1008,
Liscomb, wells at .. . .... . ... . .... 874
1050; topography, 1050; un·
Lithology, correlation by .... ..... 41
derground .water, 1051; wells.
Littleport, wells at . ............. 355
1052; water of, quality, 176.
Livermore, water supply at, 787;
Lyons, geology at, 458; wells at,
wells at, water of, head, 791;
462, 465, 476; wells at, water
quality, 173.
of, quality of, 185.
Livinggood Spring, location and
character of ...... .. .... .... 292
Lizard crook, wells at, head in ... 1080
M
Locheen, well near... . . . . . . . . . . .. 692
Lockridge, wells at . . .... .... . .. . 655 McCausland, wells at. .. ... .. .... 605
McClelland, wells. at, water of,
Locust, wells near ... ........ 300, 418
quality of, 203.
Loess, definition, 53, 104 ; occurMcGee, W J, on Shakopee dolomite 81
rence and character, 104;
McGregor, geology at and near, 50,
water, 135. See also particu71, 73, 75, 77, 345; wells at,
lar county descriptions.
281, 351; plate showing, 280 ;
Logan, . geology at, 1104, 1129,
water of, head of, 140, 351 ;
1162; wells at, 1103, 1133;
quality of, 118, 150, 164, 166,
water of, quality, 202, 206, 271.
167, 169, 206, 208, 209, 271.
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McPaul, wells at, water of, quality
of, 203.
McPoland Pond, location and character of, 115.
McVeigh, well near.. .. .......... 721
Mackey, well near............... 821
Macksburg, geology near......... 958
Madison county, city and village
supplies, 959; geology, 956;
springs, 130, 959; topography,
956; underground water, 957;
wells, 957; water of, quality
of, 200.
Madrid, wells at, 820, 822; water
of, quality, 189.
Mahaska county, city and village
supplies, 708; :flowing wells
707; geology, 704; springs,
708; topography, 704; underground water, 127, 192, 199,
707; wells, 705; plate showing, 626; water of, quality,
194.
Malcom, water supply at ... . . .... 582
Mallard, geology at, 84; wells at,
786, 1035, 1072; plate showing, 814; water of, head, 1070,
1072; quality, 120, 177.
Malone, wells at. ... .. .... .. .... . 473
Malvern, water supply at ... ... . . 1145
Manchester, geology at, 73, 74, 75,
83, 85, 87, 286, 363; spring at,
363, 365; water of, analysis
of, 170, 264, 277; wells at and
near, 280, 360, 363, 364, 369371; plates showing, 310, 420;
water of, quality of, 170, 206,
208.
Manly, wells at, water of, quality
of ................. . ........ 171
Manilla, wells at and near, 1038,
1039; water of, quality, 179.
Manning, water supply at, 1025;
wells at, water of, quality, 179.
Manson, wells at and near, 1016,
1021, 1022; plate showing,
310; water of, quality, 174,
179, 206, 210.
Maple Hill, wells at, water of,
quality .. ... ................ 176
Mapleton; wells at and near, 1057,
1058; water of, quality, 179.
Maquoketa, geology at, 79, 83, 87,
489, 490; wells at, 495; plates
showing, 424, 448; water of,
quality, 183.
.
76
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Maquoketa shale, character, 87;
distribution, 86, 750, 925, 1007;
map showing, pocket; springs
from, 116; structure, 420, 619;
water in, 116; head, 143. See
also particular
scriptions.

county

de-

Marathon, water supply at, 1012;
wells at, water of, head, 1011;
quality, 177.
Marble Rock, springs at, 771;
water supply at, 774; well at,
water of, quality, 173.
Marcus, water supply at, 1032;
wells at, water of, quality,
177.
Marengo, flowing wells at, 480;
wells at, 480, 483; water of,
quality, 181, 183, 483.
Marietta, wells at. .. . . . ......... 874
Marion, geology at, 533; springs
at, 539, 543; wells at and near,
543; water of, quality, 183.
Marion county, city and village
supplies, 968; flowing wells,
966, 967; g e 0 log y, 962;
springs, 967; topography, 962;
underground water, 197, 199,
963; wells, 965; plates showing, 420, 660; water of, quality, 197, 200.
Marne, water supply at . ... .. . ... 1123
Marshall county, city and ' village
supplies, 876; geology, 94, 871;
topography, 870; underground
water, 872; wells, 186, 873;
water of, quality, 186, ·190.
Marshalltown, geology at, 89, 90,
95; wells at and near, 872,
876, 880, 882; plate showing,
458; water of, quality, 123, 190.
Martelle, wells near.. . . . . . . . . . . .. 519
Martinsburg, section at .......... 663
Marysville, wells near. . . . . . . . . . .. 967
Mason City, geology at, 70, 77, 82,
86; :flowing wells at, 761; wells
at, 115, 281, 761; plate showing, 280; water of, quality,
172, 206, 208, 277.
Masonville, wells at ......... .. .. . 368
Massena, water supply at. ........ 1123
Massillon, geology near. . . . . . . . . .. 444
Maud, wells at ... . ............. . . 299
Maxwell, wells at and near, 901,
902, 912, 913; water of, qual'
ity, 189.
Maynard, geology at, 394;. wells at,
399.
May Prairie, geology of...... . .. . 291
Maysville, geology near. .. . .. . ... 590
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Mechanicsv'ille, geology near, 443:
water supply at, 448.
Mederville, geology at. .. ........
Mediapolis, wc!ls at ........... 638,
Medicinal waters. See Mineral waters.
Meinzer, O. E., county descriptions
by, 339, 404, 780, 822, 982, 1033,
r039, 1050, 1059, 1078, 1114,
1125, 1154, 1178: on finishing
wells in sand, 219: on protection of farm w~lls, 229: work
of, 31.
Meinzer, O. E., and Norton, W. H.,
county descriptions by, 478,
621, 759, 835, 932, 999, 1027.
1067, 1129, 1160, 1181.
Melbourne, wells at..............
Melrose, wells near . ... .... ... 978,
Merrimac, springs near, 654; wells
at, 655.
Metz, well near .... .. ........ 858,
Michigan, Lake, water of, quality
of ................ ......... .
Middletown, geology near, 629;
well near, 640.
Miles, wells at...................
Mill creek, springs near..........
Miller, W. J., county descriptions
by, 611, 1035, 1054, 1083: and
Norton, W. H., county descriptions by, 813, 827, 842, 939,
1013, ~045, 1093.
Millheim, spring near....... .....
Mills county. city and village supplies, 1137: geology. 1125..
1136; springs, 1137; topography, 1136; underground water, 1137; wells, 199, 1137;
water of, quality. 203, 1138.
Milton, wells at, 719; water of,
quality, 195.
Minden, water supply at, 1176;
wells at, water of. quality. 203.
Mineralized waters. distribution,
230; distribution of. plate
showing, 204; effect of, on
health, 233; on well casings.
234. See also Mineral waters.
Mineral waters, classification, 268;
defj.nition, 261; discussion, 261278; medicinal value. 261;
mineralization of, extent, 263;
types, 268-278. See also Mineralized waters.

INDEX

349
641

Mississippian rocks, character and
distribution, 94, 421, 611-612;
flowing wells from, 126; structure, 924; water in, 126, 421;
quality, 130, 421. See also
Kinderhook stage; 0 sag e
stage; St. Louis limestone;
Particular county descriptions,
pp. 621-1186.

875
979

868
264

498
294

363

MissisSippi river, ancient channel of, description of... . . . . . .
Mississippi valley, description, 50,
281; underground water in,
288.
Missouri stage, character and distribution, 99, 836, 1100, 1108;
distribution of, map showing,
pocket; water of, 129. See also
Pennsylvanian rocks; particular county
923-1186. .

descriptiOns,

56

pp.

Missouri river, character, 55; water of, quality, 232.
Missouri Valley, wells at, 1135;
water of, quality, 202.
Mitchell county, city and "Village
supplies, 795; flowing wells,
794; geology, 793; springs,
794; topography, 793; underground water, 794; wells, 160,
794; plate showing, 324; water of, quality, 172.
Mitchellville, flowing wells at, 888;
wells at, 126, 888, 894, 900;
plate showing, 812; water of,
. quality of, 190.
Moline, Ill., well at, record of. . . .. 603
Mondamin, wells at, water of, quality of ...................... 202
Monmouth, wells at .............. 498
Monona, water supply at, 353;
wells at and near, 281, 353,
356 ; water of, quality, 169,
208.
Monona county, city and village
.
supplies, 1056; flowing wells,
1056; geology, 1005, 1054;
springs. 1056; topography.
1054;
underground
water,
1055; wells, 1055; water of,
quality, 179.
Monroe, wells at and near, 869;
water of, quality, 191.
Monroe county, city and village
supplies in, 979; flowing wells,
978; geology, 974; springs,
978; topography, 974; underground water, 127, 199, 975;.
wells, 976; water of, quality,
201.

INDEX
Montezuma, springs near, 577, 583;
'wells , at and near, 577, 582;
w~ter of, quality, 183, 208.
Montgomery, wells at, water of,
quality of ...•..............• 176
Montgomery county, city and village supplies, 1151; flowing
wells, 1150; geology, 1147;
springs, 132, 1151; topography,
1146;
underground
water,
1147; wells, 1148; water of,
quality, 203, 1148.
Monticello, geology at, 75, 85, 87,
518; wells at, 154, 158, 361,
523; water ,of, quality, 180,
183.
Montrose, water supply at....... 687
Montrose chert, correlation, 96; occurrence and character, 651,
672, 715-716; water, 629, 675.
Mooar, wells at .................. 687
Morley, wells at and near, 519;
wells at and near, water of,
quality of, 183, 277.
Morning Sun, geology near, 696;
wells at, 700, 701.
Morrison, well near........... . .. 834
Moscow, wells at. . • . • . • • . . . . . . . .. 570
Motor, geology at ................ 348
Moulton, well at, 938; water of,
quality, 201, 274.
Mount Auburn, wells at •...•..•.. 433
Mount Ayr, well at. '..•.••.••••.. 986
Mount Clara, geoiogy at, 95, 674;
wells at, 687; record, 688;
plate showing, 618.
Mount Etna, wells at .•..••••.... 1113
Mount Pleasant, geology at, 45, 81,
86, 91, 94, 95, 618, 675; wells
at and near, 126, 645, 649;
plate showing, 626; water of,
quality, 123, 193, 195, 206, 208,
267.
Mount Sterling, wells at ...•....•• 719
Mount Union, well at ...•..••.•.• 648
Mount Vernon, geology at, 534,
537; wells at and near, 543;
plate showing, 458; water of,
quality, 183, 277.
.Mount Zion, wells at .... '. . . . . . . •• 719
Moville, wells at and , near .. 1098, 1099
Mud creek, channel occupied by,
587; channel occupied by, flgure showing, 588.
Mud-rock shales, position of...... 87
Municipal and domestic supplies,
mineral content, 230; pollution, 226_
See also Water
supplies; Mineralized water.
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Municipalities, water supplies of. 214
See also particular places.

Munterville, wells near .......... 728
Murray, wells at ................. 941
Muscatine, geology near, 563; water Supply at, 562; wells at,
566.
Muscatine county, City and village
supplies, 562; geology, 92, 98,
558, 618; springs, 562; topography, 558; underground wa-,
ter, 559; wells, 560; water of,
quality, 185, 560.
Muscatine Island, water supply at 559
¥yron, springs near............. 292
N

Napier, weIl at ...................
Nashua, water supply at ..••......
Nashville, wells at ............ 498,
National, wells at .........•.... .'
Nebraska City, Nebr., geology at,
84, 924, 926, 927; wells at,
1104; rock from, analysis,
1107; water of, quality, 1103,
1110.
Nebraskan drift, occurrence and
character, 53, 102, 871; water
,n, 133, 312, 346, 652, 673. See

822
341
501
355

also particular county descriptions, pp. 279-748.

Nehama, well near, 1088; water of,
quality, 178.
Neola, water supply at, 1177; wells
at, water of, quality, 2(}3.
Nevada, wells at, 905, 910, 913;
plate showing, 458; water of,
quality, 123, 189, 274.
Nevinville, wells at ....••........ 1113
New Albin, geology at, 51, 283, 285,
286, 287; springs, near, 294;
wells at and near, 295, 300;
water of, quality, 168, 208.
Newburg, wells at .....••........ 864
Newell, water supply at ......... 1012
New Hampton, geology at, 45; well
at, 341; record of, plate showing, 280; water of, quality,
166, 169, 275.
New Hartford, wells at ...... 755, 757
'New Liberty, wells at . .......... 605
New London, geology near, 629,
,
643; wells at and near, 648,
649.
Newport, wells near .•......... .. 700
New Providence, well near ....... 853
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New Richmond sandstone, character, 78; outcrops, 279; position,
76; springs from, 113; water
in, 107, 112, 421. See also
Prairie du Chien stage.
NeW' Sharon, wells at and near,
708, 714, 715; water of, qualIty, 194.
Newton, geology at, 97; water supply at, 864; wells at and near,
158, 187, 858, 864, 869; plate
. showing, 812; water of, quality, 187, 191.
Niagaran dolomite, distribution of,
map showing, pocket; occurrence and character of, 88,
750; springs from, 122, 379,
413; water in, 421; head, 120,
143, 347; quality, 122. See also
particular county descriptions;

Silurian rocks.
Nichols, wells at ... '. . ....... . 570, 573
Nira, wells at and near ....... 746, 747
Nishnabotna river valley, description of .................... .. . 55
Nitroglycerin, use of ...... 154, 741-742
Nodaway, wells at ............... 1113
Nodaway river valley, de scrip- .
tion of ................. .. ... 55
Noel, wells at ........... .. ... 605. 608
Nora Springs, wells at; 771, 774;
water of, quality of, 173.
Nordness, wells at ............... 417
North-central district, counties,
749; counties in, descriptions,
751-810; geology, 749; location
of, map showing, 165; precipitation, 62; well waters, 750;
quality, 164, 172, 205,211; map
showing, 165.
Northeast district, counties, 279;
. counties in, descriptions, 281419; geology, 279; location of,
map showing, 165; precipitation in, 62; well waters, 280;
quality, 164, 205, 211, 281; map
showing, 165.
Northfield, wells at, water of, quality of ....................... 195
North Liberty, water supply at. .. 510
North McGregor, wells at, 354; water of, quality, 166, 169.
Northwest district, counties of,
1005 ~ counties of, descriptions
of, 1009-1099; geology of, 1005;
location of, map showing, 165;
precipitation in, 62; well waters in, 1006; quality of, 174,
205, 211; map showing, 165.
Northwood, wells at, 803; water of,
quality, 175, 277.

Norton, W. H., county descriptions
by, 281, 312, 342, 407, 439, 486,
515, 586, 625, 642, 650, 660, 670,
693, 715, 739; introductions by, ,
31, 279, 420, 613, 749, 811, 923,
1005, 1100; on artesian phenomena, 138, 427; on well drilling, 217; work of, 31, 33, '47.

Norton, W. H., and Arey, M. F.,
county description by, 301.
Norton, W. H., and Meinzer, O. E.,
county descriptions · by, 478,
621, 759, 769, 775, 835, 932, 942,
999, 1027, 1067, 1074, 1129, 1136,
1160, 1181.

Norton, W. H., and Miller, W. J.,
county descriptions by, 813,
827, 832, 842, 846, 914, 1013,
1022, 1045, 1093.

Norton, W. H., and Simpson, H. E.,
county descriptions by, 422,
574, 722, 870, 884, 900, 962, 974,
1117; on geology of Iowa, 67104.

Norton, W. H., Simpson, H. E.,
and Hendrixson, W. S., on
geologic occurrence of underground waters, 105-137.
Norway, wells at ................ 646
Nugent. wells at....... ..... ..... 668
No. 10 Junction, geology at, 925,
980; wells at. 980; water of,
quality, 201.

o
Oakdale Sanitarium, wells at ..... 510
Oakland, water supply at ......... 1177
O'Brien county, city and village
supplies, 1061; geology, r059;
topography, 1059; underground
water, 175, 1060; wells, 1060;
water of, quality, 175, 176.
Odebolt, wells at and near ... 1087, 1088
Oelwein, geology at, 394; wells at
and near, 397, 400; water of,
quality, 280.
Ogden, wells at and near, 814, 820,
821; plate showing, 458; water
of, quality, 189, 274.
Olin, water supply at .. .. .... .. .. 525
Olivet, wells near............. .. . 707
Ollie, wells near, 669; water of,
quality, 19'4.
Omaha, Nebr.. geology at, 1161,
1170; precipitation at. 64; temperatures at, .61; wells at,
1161, 1170, 1173.

Onawa, geology at, 1008-1009; wells
at and neal', 1056, 1058; water
of, quality, 179, 1055.
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Oneida, wells at .................. 368 Oxford, water supply at .... ,. . . .. 510
Oxford Junction, geology at...... 526
Oneota dolomite, character, 345,
Oxford Mills, geology at. . . . . . . . .. 526
408; position, 76; springs
from, 113; water in, 112, 421.
P
See also Prairie du Chien
stage.
Pacific Junction, wells at .......... 1146
Onslow, wells at ·and near, 519,
Packing in wells, need for....... 145
526; water of, quality, 183.
Packwood, wells at.............. 655
Orange City, wells at, 1092; water
Page county, city and village supof, quality, 176.
plies, 1156; geology, 1154; toOrdovician rocks, occurrence and
pography, 1154; underground
character, 67, 76-88; springs
water, 1155; wells, 199, 1155;.
from, 116; water in, 107, 112;
water of, quality, 204.
quality, 118. See also Maquo, Paint creek, springs near........ 294
keta shale; Galena dolomite;
I Paleozoic rocks, distribution, 67;
Decorah s h a Ie; Platteville
water beds in, 107.
limestone; St. Peter sandPalmer, wells at, 1079; wells at,
stone; Prairie du Chien stage.
head in, 1080.
Orient, wells at, water of, qualPalo, wells at ................... 545
ity of ........•..........••••. 200 Palo Alto county, city and village
Osage, geology at, 44, 86, 88; wells
supplies, 1070; flowing wells,
at, 795; record of, plate show1070; geology, 1067; topoging, 324: water of, quality, 172,
raphy, 1067; underground wa208.
ter, 174, 1069; wells in, 1069;
Osage stage, definition, 94; distriplate showing, 814; water of,
bution of, map showing,
head of, 1070; quality . of, 174,
pocket: divisions, 626: occur177.
rence and character, 96, 575,
'Panama, water supply at ......... 1180
643, 651: springs from, 127;
Panora, water supply at......... 841
thickness, 97: water in, 127.
Paralta, wells at................. 545
See also Mississippian rocks;
Parkersburg, wells at and near ..
Burlington limestone: Keokuk
..................... 755, 756, 758
limestone.
Paton, well near................. 831
Osceola, geology at, 928; water
Patterson, well near............. 960
supply at, 941; wells at and
Paullina, water supply at ........ 1061
n ear, 923, 941, 942.
Pella, geology at, 80, 84, 86, 91, '94,
Osceola county, city and village
95, 97, 619, 925; wells at, 965,
supplies, 1066; geology, 1064;
969; plates showing, 420, 626,
topography, 1063; underground
660; water of, head, 142; qualwater, 1064; wells, 1065; water
ity, 123, 197, 200, 208, 270, 272,
of, quality, 176.
926, 969.
Oskaloosa, geology at, 95; spring
Pennsylvanian rocks, character,
near, 708; water supply at,
98; distribution, 98, 559, 586,
709; wells at and near, 709,
591, 643, 651, 653, 661, 671, 716;
712, 713; plate showing, 626.
elevation of base, 45, 924, 927Ossian, springs at, 417; wells at,
928;
figure showing, 1101;
411, 416, 419; plate showing,
structure, 1100; subdivisions,
280; water of, quality, 168.
98; water, 128; quality, 130,
Otis beds, occurrence and' charac591, 653, 664, 674. See also
ter ......................... 535
particular county descriptions,
Ottumwa, geology at, 89, 95; water
pp. 811-1186; Carboniferous
supply at, 729; wells at, 126,
rocks; Des Moines stage; Mis730; plate showing, 448; water
sO\lri stage.
of, head, 142, 157; quality, 193,
Peosta,
wells at ...... . ... .. .. . .. 389
195, 206, 208, 272.
Perlee, springs near, 654; wells at,
Overton, springs at, 676; wells at,
655.
688.
Permian rocks, occurrence and
Owen substage, correlation, 92; decharacter of ................ 100
posits of, occurrence and
Perry, wells at, 826; water of,
character; 752; water in, 753.
quality, 190.
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Persia. water supply at .......... 1135 Postville Junction. well at ... .... 298
Petersburg. wells at ............. 361 Pottawattamie county. city and vilPeterson. weBs at. 1035; water of.
lage supplies. 1166. 1176; geolquality. 177.
ogy. 1160; topography. 1160;
Pinching. disappearance of formaunderground . water.
1163.
tions by .................... 42
1176; water of. quality. 202.
Pioneer. well near............... 921
1163. 1165. 1166.
Pittsburg. well at............... 720 .Poweshiek county. city and village
Placid. wells at......... .. ...... 389
supplies. ' 577; g,eology. 421.
Plainfield. wells at .... ... . ... 313. 321
575; springs. 577; topography.
Plainview. geology near .......... 5.90
574; underground water. 181.
Platteville limestone. distribution
575; wells. 577; water of. qualof. map showing. , pocket; ocity. 130. 181. 183.
currence and character. 83.
Prairieburg. geology at. 533. 537;
619. 750. 1007. 1102; structure.
wells at. 545.
619; thickness. 85. 619; water.
' Prairie City. wells at. 866; water
114. 619. 812; head. 143.
of. quality. 191. 275.
Pleasant Grov,e. geology near.... 629 ' Prairie du Chien. Wis .• well at.
Pleasant Plain. wells at.. ... . . ... 655
record of ................. . . 353
Pleasantville. wells at and near.
Prairie plain. character of .... 48. 59
971. 973; water of. quality.
Prairie du Chien stage. character.
200.
77; distribution. 77. 750. 1006;
Pleistocene deposits. occurrence
map showing. pocket; springs
and character. 68. 101; water
from. 113. 293; subdivisions of.
in. 132.
76; water in. 112. 619. 812;
Plymouth county. city and village
head of. 142. See also Oneota
supplies. 1075; geology. 1008.
dolomite;
New
Richmond
1074; springs. 1075; topogsandstone;
Shakopee doloraphy. 1074; unuerground wamite; particular county deter. 1074; wells. 1074; plate
scriptions.
showing. 310; water of. qualPre-Cambrian rocks. occurrence
ity. 177.
and character. 68; water in.
Pocahontas. wells at. 1079. 1082;
109.
water of. head. 1080.
Precipitation. controlling condiPocahontas county. city and viltions. 61; geographic distrilage supplies. 1081; drainage
bution. 62; records. 62-65;
wells. 1080; geology. 1078; toseasonal distribution. 63; varipography. 1078; underground
ations. 65.
water. 174. 1079; wells. 1079;
Prentiss. G. N .• aid of ........... , 47
water of. head. 1011. 1080;
Prescott, water supply at ......... 1113
quality. 174. 177.
Pressure in wells, decrease of. 153;
Polk county. city and village sup' factors in. 148.
plies. 889; flowing wells. 888;
Preston.
water supply at. 498;
gas wells. 888; geology. 885;
well at. record of. 489; water
topography. 884; underground
of. quality. 183.
water. 186. 886; wells. 813.
Primghar. wells at. 1061; water of.
886; plates showing. 626. 812.
head. 1075. 1090; quality. 176.
814; water of. quality of. 131.
186. 190.

,

Pollution of water supplies. sources '
of ................... ; ...... 226
Pomeroy. water supply at. 1018;
well at. water of. quality. 179.
Porosity of aquifers. importance of 150
Portsmouth. water supply at': .... 1181
Postville. geology at. 82. 283. 291;
wells at and near. 281. 291.
296. 300; plate showing. 280;
wllter of. head of. 143; quality
of. 119. 168. 208.

275.

Primrose., wells at ............ :.. 688
Pulaski. wells at and near..... . . 622
Pump cylinders. position of ...... 1155
Pumps. requirements of . ......... 225

Q
Quality of water. See Water, chemical composition of; particular
counties.
rock
places. etc.

formations.

INDEX
Quarry, wells near .............. 874
Quaternary deposits, occurrence
and character, 101; underground water, provinces, 136;
water in, 107, 132.
Quimby, wells near, head in ..... 1029

R
Radcliffe, wells at and near ... 845, 853
Rainfall. See Precipitation.
Rake, wells at, head in.......... 799
Ralston, well near............... 831
Ramsay, geology at ....•......... 789
Randalia, wells at ........•..• 394, 39\!
Readlyn, wdl at................. 3:l1
Reasp.or, wells at and near ... 867. 869
Red clastic series, occurrence and
character of ............. '. . . 70
Redfield, well at ...... , .........• 825
Red Oak, springs at and near, 132,
1151; wells at, 1151; water of,
quality, ~03.
Red Rock, wells near. . .......... 966
Red Rock sandstone, occurrE'ru.:e
and character, 129, 964; watel' 'in, 129.
Reinbeck, wells at and near, 834;
water of, quality, 189,
ReUef, description of ........'.. 48, 50
Rembrandt, well at, head :Ll ...... 1011
Remsen, water supply at ......•.. 1078
RenWick, wells at, 784; weBs at,
water of, head, 806; water of,
quality, 173.
Rhodes, wells at, 875; water of,
quality, 190.
Riceville, spring at, 797; spring
at, water of, quality, 172; water supply, 797.
Richland, springs near, 665; wells
at, 748; water of, quality, 194.
Ricketts, wells at, water of, quality 179
Ridgeway, wells at and near:.417, 418
Ringgold' county, citl and village
supplies, 984; geology, 982;
topography, 49, 982; underground water, 983; wells, 984; I
water of, quality, 20l.
Ringsted, g1eology at, 789; water
, , supply at, 1045; well at,
record, 1043; water of, head,
791.
Rippey, well at .................. 831
Rivers, water supplies from, 212;
mineral content of, 230.
Riversid,e, wells at .......•...••• 746
Rochester, geology near.......... 445
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Rock formations, correlation, 40;
demarcation, 43; dip, 43; relation of, to quality of water,
108; sequence, columnar section showing, 66; correlation
by, 42; waters, 106; use of,
for water suppUes, 212. See
also Aquifers.
Rock ISland, Ill., wells at, 115;
record, 603.
Rock Rapids, water supply at,
1053; wells at, water of, quality, 176.
Rock Valley, water supply at .... 1093
Rockville, geology at, 362; wells
at, 370.
Rockwell, water supply at ........ 768
Rockwell C~ty, wells at arid near,
1018, 1021; rock of, analyses,
1019; water of, quality, 179,
210.
Roland, well near................ 845
Rolfe, geology near, 1079; wells at,
. 1079, 1082; water of, hE-ad,
1080; quality, 177.
Rome, geology near............. 644
Roscoe, wells at and near .... 639, 641
Rowland, wells at, water of, quality 188
Rowley, springs at............... 337
Rubio, wells at .................. 746
Runnells, wells at, water of, qualIty, 191, 267.
.
Russell, spring near, 954; water
supply at, 955.
Ruthven, water supply at, 1072;
wells near, head in, 1070.
Rutledge, wells at, water of, quality of ....•.•............... 195
Ryan, geology near, 361, 362; wells
at and near, 361, 367, 368.

s
Sabula, geology near, 82, 492; water supply at,' 498; wells at and
near, 492, 498; plate showing,
424; water of, head, 140, 157;
quality, 183, 208, 277.
Sac City, springs near, 1085; water supply at, 1085; wells at
and near, 1085; water of, quality, ' 178, 274, 1085.
Sac county, city and village supplies,' 1085; flowing wells,
1084; geology, 1083; springs,
1085; topography, 49, 1083;
underground
wate'r ,
1083;
wells, 1083; water of, quality,
178.
Sageville, wells at............... 389
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St. Ansgar, well at, 797; plate
shc;>wing, 324. '
• St. Anthony, wells near .......... 874
St. Benedict, wells near, 789 ;
head in, 791.
St. Charles, wells at and near, 957,
958, 96l.

St. Lawrence formation, distribution, map showing; pocket; occurrence and character, 73,
750, 1006; water in, 110.
Saint Louis limestone, distribution
of, map showing, pocket; fiowing wells from, 128; occurrence and character, 97, 575,
784; thickness, 97; water in,
127. See also particular county descript,i ons, pp. 613-748,
811-1186,. Mississippian rocks;

Carboniferous rocks.
St. Paul, wells at and near. . . . . . . 691
Saint Peter sand rock, occurrence
and character ..... .. 630, 674, 677
Saint Peter sandstone, character,
81, 1006; discrimination, 630,
674; distribution, 80,279; map
showing, pocket; elevation,
279, 618; plate showing, pocket; outcrops, 279; position,
927, 1102, 1103; plate showing,
pocket; springs from, 114;
structure, 279, 420, 618, 750,
811, 926, 1005; water in, 107,
113, 280, 421, 619, 812, 925,
1104; head, 142, 347, 410, 596;
quality, 119, 631, 1104. See
also particular county
scriptions, pp. 281-612.

de-

Salem, wells at .... .. ......... 648, 649
Salina, wells at and Mar ...... 656, 658
Salina formation, occurrence and
character, 89, 925; water in,
123, 925.

Sanborn, geology at, . 79, 84, 86,
1005, 1007; wells at, 1006,
1060, 1062; plate showing,
1006; water of, quality, 177,
206, 274.

Sand, finishing wells in ...... 219, 1010
Sand Springs', wells at .... 361, 368, 369
Sandusky, well at ............ _.. 689
Sattre, wells near.... ... .. . ..... 300
Sawyer, wells at................. 688
Saylorville, gas well at, 888;
wells at and near, 898.
Scale. See Boiler scale.
fjchaller, wells at and near, 1087,
1088; water of, quality, 178.
Schaufner, well at .. .. ..... . . .... 371
Schleswig, wells at aJ].d near .1038, 1039

I

Scope of work ....... . . :..... .... 31
Scotch Grove, wells at ........ 518, 530
Scott, wells near........ .. ....... 394
Scott county, City and villag·e supplies, 592; fiowing wells, 592;
geology, 92, 98, 586;, topog- .
raphy, 586; underground water, 586; wells, 589; water of,
quality, 185.
Scranton, water supply at, 830;
well at, water of, quality, 189.
Screens, well, incrustation on, 219,
1010; incrustation on, analysi's, 221; remedies for, 222,
1010; use, 219.
Seasons, distribution of precipitation by...................... 63
Sections, geologic, location of, figure showing, 66; plates showing, 280, 310, 324, 420, 424,
448, 458, 618, 626, 660, 812,
814, 1006, 1100.

Sewal, wells at, water of, quality. 201
Sexton, wells near, 789; head in,
79l.

Seymour, well at ................ 1003
Shakopee dolomite, character, 77,
79, 345, 408; distribution, 77;
position, 76; water in, 42l.
See also Prairie du Chien
stage.
Shallow wells, pollution .......... 227
Shannon, wells at, water of, quality ..................... 201, 278
Shelby county, City and village
supplies, 1179; geology, 1178;
topography, 1178; u n de r ground water, 1178; wells,
1179; water of, . quality, 202,
1178, 1179.

Sheldahl, wells at, water of, quality ........... . .... ........ . 191
Sheldon, water supply at, 1063;
wells at, water of, head, 1075;
quality, 177.
Shell Rock, water supply at, 757;
wells near, 75t, 754.
Shellsburg, spring near, 425;
'water supply, 433.
Shenandoah, water supply at, 1155,
1159; wells at, water of, quality, 204.

Shueyville, wells at .......... .' ... 511
Sibley, water supply at, 1066; wells
at, water of, quality, 176.
Sidney, water supply at ... 1127, 1128
Sjgourney, geology at, 94, 95, 98;
section at, 662; wells at and
near, 158, 662, 665; plate showing, 660; water of, quality,
194.

INDEX
Siloam Springs, description of .... 848
Silurian rocks, character and distribution, 67, 88, 618, 925, 1007,
,1102, 1109; structure, 618;
water, 120, 421, 619, 1103;
head, 619; quality, 122, 812,
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Sodic-calcic sulphated alkalinesaline waters, distribution and
character ................... 273
Sodic muriated alkaline-saline
waters, distribution and character ..................•.•.. 269
Sodic muriated-sulphated alkaline925. See aZso particuZar county
descriptions; Niagaran formasaline waters, distribution and
character ................... 271
tion; Salina formation.
Simpson, H. E., county descripSoftening. See Water softening.
tions by, 704, 854, 928, 949,
Soils, character of.... . .......... 51
Soldier, wells at, water of, qual956, 986, 1110, 1146; on topog- \
raphy and climate, 48-66; work
ity ............ .'............ 179
Solon, geology at, 506, 507; wells
of, 31.
' Simpson, H. E., and Norton, W.
at, 507, 511; water of, qualH., county descriptions by,
ity, 184.
422, 574, 722, 870, 884, 900,
Somers; wells at and near ... 1020, 1021
962, 974, 1117; on geology of
South Amana, wells at, water of"
quality ..................... 183
Iowa, 67-104.
Simpson, H. E., Hendrixson, W.
South Augusta, well at ........ . .. 691
S., and Norton, W. H., on geoSouth-central district, counties,
923; counties in, descriptions,
logic occurrence of underground waters ............ 105-137
928-1004; geology, 923-928; loSink holes, distribution ......... 115
cation of, map showing, 165;
Sioux City, geology at, 68, 1007,
precipitation in, 62; wells, 210;
well water, 925; quality, 197,
1008; precipitation at, 63, 64;
205, ,211; map showing, 165.
temperatures at, 61; wells at,
110, 1095; water of, quality,
Southeast district, counties, 618;
175, 178, 206, 1096.
counties in, descriptions, 621748; geology, 618; location of,
Sioux county, city and village supplies, 1090; geology, 1008,
map showing, 165; precipita1089; topography, 1089;, untion in, 62; well water of, qualderground water, 1089; wells,
ity, 192-196, 205, 211; map
1090; water of, head, 1090;
showing, 165.
quality, 176.
South English, geoIogy at, 661,
Sioux Falls granite. See Sioux
664; section at, 663; wells at,
quartzite.
668.
Sioux quartzite, distribution of,
Southern Iowa JUhction, wells at,
map showing, pocket; occurwater of, quality of .......... 194
rence and character, 67, 68,
South Ottumwa, wells at, water of,
1006, 1008, 1051, 1052; strucquality ......... '............ 195
ture, 1008; water, 109.
South Parkersburg, well at...... 756
Sioux Rapids, water supply at ... 1012 Southwest district, counties, 1100;
Slater, well near................ 913
counties in, descriptions, 1110Slichter, C. S., on well-tl.ow meas1186; geology, 1100; figure
urement ..................•• 144
showing, HOI; location of,
Sloan, wells at ...•••...•.• . 1098, 1099
map showing, 165; pr,e cipitaSmith, G. L., on Nebraska City ,
tion, 62; well water, 1103;
well ................... 1104, 1108
quality, 197, 202, 205, 211;
Smith, R. H., and Hayward, J. K.,
map showing, 165.
on mineral water classificaSpechts Ferry, geology near, 374;
tion ' .••......••..•.•........ 268
wells at, 389.
Smithland, wells near ... ....... . . 1099 Spencer, geology at, 1035; water
Snow. See Precipitation.
supply at, 1035; wells at, water
of, quality, 177.
Sodic-calcic carbonated alkaline
Sperry, geology near, 629; well
watflrs, distribution and charnear, 641.
acter ....................... 277
Spirit Lake, wells at, 1041; water
Sodic-calcic muriated-sul p hat e d
of, quality, 176, 275, 1042.
alkaline-saline waters, distribution and character.. . . . . . .. 2,72 Spring creek, waters of ........ ',' 122
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Springdale; geology near, 445;
wells at, 448.
Spring Hollow, springs at ........ 539
Springs, possible pollution, in water
of, 226; See Cambrian rocks;
Ordovician rocks; particular

counties,
ties, etc.

formations,

locali,-

Springville, geology at, 534; water
supply at, 545.
Stabler, Herman, corrosive formulas proposed by, 246; softening formulas proposed by,
252.
Stanhope, wells at, water of, quality ...•.................. 188, 278
Stanwood, geology at, 420, 441,
443; wells at, 446; plate showing, 458; water of, quality,
184, 277.
Stanwood Channel, description,
441; figure showing, 442; wells
in, 446.
Stark, wells at, water of, quality
........................ _19,4, 275
State Center, wells at and near,
875, 879; water, of, quality,
190, 274.
State Quarry limestone, correlation, 92; distribution of, map
showing, pocket. See also Devonian rocks.
Steamboat Rock, well at ......... 854
Steaming, water for. See Boiler
water.
Steel tubing, effect of mineral water on ......... _. . . . . . . . . . .. 235
Stennett, well near .............. 1153
Stockport, wells at, 719;' wells at,
water of, quality, 196.
Stockton, wells at .........•....• 570
Stock wells, development of .•.... 215
Stone, wells at. . . . . . . . . . . . . . . . . .. 526
Storm Lake, water supply at .... 1012
Story City, water supply at ...••• 912
Story county, city and village
supplies, 906; flowing wells,
905; geology, 901; topography,
900; underground water, 128,
902; wells, 902; plate showing,
458; water of, quality, 189.
Stratford, wells at, water of, quality ................•.••..... 188
Strawberry Point, water supply,
34~, 354.

Structure, character of, 279, 420,
618, 749, 811, 923, 1005, 1100;
geologic sections, figure showing location of, 69; plates
showing, 280, 310, 324, 420,
424, 448, 458, 618, 626, 660,
812, 814, 1006, 1100.
Stu.art, wells at, 836, 841; water of,
quality, 190.
Summitville, geology near, 674;
wells at and near, 688, 689.
Sumner, geology at, 71, 75, 85, 87;
' wells at and near, 280, 321,
399; water of, head, 143.
Sunbury, geology near, 445;
springs and wells at, 448.
Sutherland, well at. ........ 1060, 1063
Swan, wells near .... .. . ......... 966
!:lwea City, geology at, 789; water
supply at, 793; wells at, head
in, 791, 793.
Swedesburg, wells at ......... 648, 649
Swootland, wells at.............. 570
Sweetland Creek shale, correlar
tion, . 92; distribution of, mlj,p
showing, pocket; occurrence
and character, 559. See also
Devonian rocks.
~wisher, wells at.............. .. 511

T
Tabor, water supply at ...... 1127, 1128
Tallyrand, wells at .............. 668
Talmage, geology at, 990; wells
at, water of, quality, 201.
Ttl.ma, wells at and near, 122, 207,
613, 617; wat~r of, 267; qual·
ity, 181, 182, 207, 208, 267.
Tama county, city and vlllage supplies, 613; flowing wells, 613;
geology, 94, 420, 611; springs,
613; topography, 611 ; underground water, 181, 612; wells,
612; water of, 615; quality.
131, 182.
Taylor county, city and vlllage
supplies, 1182; geology, 1181;
topography,
1181;
underground water, 1182; wells,
1182; plate showing, 1100;
water of, quality, 204.
Taylorsvllle, wells near.......... 894
Teeds Grove, wells at ......... 473, 476
,T emperature, records, 60; relation
of, to ground water, 61.
Tertiary deposits, occurrence and
character of ..............•. 101
Texture of aquifers, importance of 150
Thayer, geology at ......••....•.• 990
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Upper I..owa river, springs in, 294;
'J.'horuas, A. 0., county description
by ' ..................... . . . . 504
underground water of, 288.
Thompson, water supply at, 801;
Urbana, wells at and near ..... 433, 438
wells at, head in, 799, 801.
Ute, wells at and near .....• 1057, 1058
Thornburg, wells at . .... . ....... 668 . Utica, wells at ....... . ........... 721
Thorp, wells at....... . ......... 368
V
Thurman, water supply at ....... 1128
Ticonic, well near ........... . ... 1058 Vail, wells at and near .... . . 1038, 1039
Tiffin, wells at ........... . ...... 511 Valley Junction, wells at . ... .. 898, 900
Till, definition of................ 53 Van Buren county, city and village
Tilton, J. L.,. county description by 991
supplies, 717; flowing well,
Tipton, geology at, 70, 72, 73, 74,
718; geology, 715; topography,
85, ,87, 88, 441, 444, 619; wells
715; underground water, 127,
at, 448 ; plate showing, 448 ;
717; wells, 717; water of, qualwater of, quality, 180, 184, 206,
Ity, 195.
208, 277.
Van Cleve, well ' near. . . . . . . . . . .. 875
Titonka, wells near......... . .... 789 Van Horne, wells at, 434; water of,
Todd, J . E., method , of well-flow
quality, 182.
measurement by ...... .. .... 144 Veo, wells at .... . ......... . ..... 655
Toledo, geology at, 611; wells at
Verdi, geology at. ................ 742
and near, 615, 617; water of,
Victor, water supply at . . ....... " 485
quality of, 182, 275.
creek, springs near, 294;
Toolsborough, geology at ......... 695 Village
wells near, 289.
Topography, description of ..... .48-59
Village Creek, wells at, water of,
See also particular counties.
quality .................. 168, 208
Toronto, geQlogy +Lear, 457; wells
Villages, water supplies.......... 214
at, 473.
See also particular villages;
Torpedoing, use of. .. ............ 154
counties, etc.
Tower, wells at .................. 977
Towns, water supplies of ........ 214 , Villisca, water supply at, 1152;
See also particular towns.
wells at, water of, quality,
Town wells, pollution of ......... 227
203,1152.
Tracy, wells near .... 701, . 713, 967, 973 Vincent, well near . ..... . ........ 921
Traer, wells at, 616; water of,
Vining, wells at, 613, 617; wells at,
quality, 182.
water of, quality, 182, 275.
Trenton formation, change in name
of .......................... 82 Vinton, wells at and near, 154,
425, 434; plates showing, 324,
See also Platteville limestone;
420, 424'; water of, 421; head,
Decorah shale.
143; quality, 180, 182, 208.
Tripoli, water supply at, 323; wells
near, 315.
Viola, geology at, 534; wells at,
Turkey river, flowing wells near,
545.
281, 348; geology along, 86;
Volga, wells at and near .... 355, 366
springs along, 122, 124.
Volga river, flowing wells near. 281, 349

u

w

Undergr-ound conditions, knowlWadena, springs at, 396; well at,
edge of, importance of....... 32
393.
Underground water. See Water,
Walcott, water supply at, 604;
underground; particular counwells at, water of, quality, 185.
ties.
Walker, geology at, 533; wells at,
Union county, city and village
545.
supplies, 989; geology, 986;
Wall Lake, wells at and near,
springs, 199, 989; topography,
1087, 1088; water of, quality,
49, 986; underground water,
178.
987; wells, 989,; water of, quali Walnut, water supply at ...... . . 1177
Ity, 201.
Wapello, wells at, 695, 699; water
United States Geological Survey,
of, quality, 195, 700.
cooperation of .............. 33
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Wapello county, city and village
supplies, 728; flowing wells,
728; geology, 722; topography,
722; underground water, 127,
723; wells, 724; wMer of, quality, 195.
Wapsipinicon limestone, correlation, 92; distribution of, map
showing, pocket; occurrence
and character, 303, 333, 423,
508, 534, 594; water from, 303,
335. See also Devonian rocks.
Wapsipinicon valley, description,
312, 314, 333; wells in, 331.
Warren, wells at ................. 688
Warren county, flowing wells in,
994; geology, 991; topography,
991; underground water, 992;
wells, 993; water of, quality,
200, 993.

Warsaw, Ill., well at, r·ecord .....
Warsaw . limestone, correlation,
97, 671; correlation of, plate
showing, 66.
Washburn, wells at ..............
Washing, drillings rendered misleading by...................
Washington, geology at, 82, 84, 93,
675; wells at and near, 742,
748; plate showing, 448, 660;
water of, quality, 193, 194, 278.
Washington county, city and village supplies, 742; geology,
739; topography, 739; under• ground
water, 127, 740; wells,
740; plates showing, 448, 660,
water of, quality, 194.
Washington Mills, spring at ......
Water, chemical composition, 159211; chemical composition, relation of, to corrosion, 234,
255; relation of, to health,
233. See also Analyses; Wells;
particular districts,
places,
etc.; corrosion by, 236, 258.
See also Mineral waters; Min-

eralized water.
Water, underground, climatic conditions conducive to supply of,
59, 66; geologic classification,
105; geologic occurrence, 105137; head of, map showing,
pocket; pollution of, 226; quality of, relation of, to geography, 205; plate showing,
204; to geology, 108; water
supplies from, 212; mineral
content, 230; effect of, 233.
See also Well waters; Arta-'
sian waters; tparticular counties.

686

305
37

379

Water, underIP-ound, hard and soft,
distribution, 208; plate showing, 204.
Waterloo, flowing wells near, 304;
geology at, 45, 85, 87, 88, 305,
306, 309; springs near, 304;
water supply, 308; wells at
and near, 110, 304, 309; plates
showing, 310, 324; water of,
head, 142; quality, 169, 206,
208.

Waterloo Ridge, geology of . . ...... 290
Water softening, application of,
247,254; cost, 254; limits, 253;
methods, 248.
Water supplies, adequacy, 215; 'recovery, 216; sources, 212; selection, 216. See also Municicipal and domestic supplies;
Industrial supplies.
Water table, depth to ........... 105
Waterworks, distribution of, plate
showing, pocket; number and
character, 214. See also parti<>
ular counties, water supply at.

Waucoma, wells at ...............
Waukon; geology at, 282, 291, wells
at and near, 291, 298, 300;
water of, quality, 168, 208.
Waukon Junction, springs near ...
Waupeton, wells at ..............
Waverly, geology at, 73, 75, 83,
85, 88, 93, 312; water supply
at, 313, 324; wells at, 280, 324;
plate showing, 324.
Waverly Junction, wells at.. ·.....
Wayne county, city and village
supplies, 1003; flowing wells,
1003; geology, 999; ' topography,
999;
underground
water, 1000; wells, 1000; water
of, head, 1003; quality, 201,

399

294
389

3lj6

1001, 1003, 1004.

Webster, geology at, 664; wells at,
668.

Webster City, wells at and near,
786, 843; plate showing, 310;
water of, quality, 186, 188,
208, 844.

Webster county, city and village
supplies, 916; flowing wells,
915, 917, 918, 920; geology,
914; springs, 916; topography,
914; underground water, 128,
186, 915; wells, 915; plates
showing, 310, 814; water of,
quality, 186, 188.
Weems, J. B., analyses by....... 47
Weller, wells at ................... 977
Wellman, wells at, 746; water of,
quality, 194.

INDEX
Wells, age of, deterioration due to,
140; clogging, 152, 219; remedies for, 152, 154, 222; connection of, by underground
pipes, 946, 1004, 1116, 1127;
depth of, in aquifer, importance, 149, 224; depth to water
in, forecasts, 44; diameters,
222; distribution of, map showing pocket; drilling, 144, 217;
finishing of, in sand, 219, 1010;
geologic investigation of, data
for, 35; drillings from, collection, 35; study, 37; means,
34; geologic source of water
in, doubtfulness of, 108; pol·
lution, 227; pressure in, 148;
rocks in, correlation, 40;
sections of, plates showing,
280, 310, 324, 420, 424, 448,
458, 618, 626, 660, 812, 814,
1006, 1100; location of, figure
showing, 69; torpedoing, 154,
741; water·bearing beds in.
See Aquifers; water supplies
from, 212; mineral content,
230; yield, 144. See also Yield
of wells. See also Artesian
water; particular districts,

places, counties, etc;
Wells, drainage, location and use
of, map showing .... 799, 807, 1080
Wells, flowing, distribution of, map
showing, pocket. See also Artesian waters; particular coun-

ties, places, etc.

Well samples. See Drillings.
Well water, chemical investigation of, scope of. . . . . . . . • . . . . .
Welton, wells at .....•.......• 473,
Wesley. wells at and near, 788,
789; water of, head, 782, 791.
West Bend, wells at, 1068, 1070,
1073; water of, head, 791,
1070; q.nality, 177.
West Branch, water supply at ...
West Burlington, well at .........
West·central district, preCipitation
in, 62. See also Southwest dis-

46
477

450
641

trict.

West Chester, wells at ....... ; . .. 746
Westfield, well at, record ..... .. 305
Westgate, geology at, 394; wells
at and near, 398, 399.
West Keokuk, well at ........ '. .. 689
West Liberty, wells at and near,
567, 571; plate showing, 812;
water of, head, 157 ; quality,
181, 185, 208.
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West Point, springs at, 676; wells
at and near, 688, 691.
West Union, wells at, 398; water
of, quality, 169, 277.
What Cheer, wells at, 668; wells
at, water of, quality, 194.
Wheatland, wells at ......•.•.. 472,
Wheatland Ridge, well on ..... 290,
Wheeler, W. D., aid of...........
White water sandrock, occurrenc~
and character of.706, 725, 964,
Whittemore; wells at and near, 788,
790; water of, head, 791.
Wickhorst, M. H., aid of....... .
Williams,' I. A., on Kinderhook
stage, 95; on Coal·Measures
springs •.•••.•...........•..
Williamsburg, wells at, 485; water
of, quality, 181, 183, 278.
Wilton, geology at, 560; wells at,
569; plate showing, 812; water
of, 421; head, 157; quality,
180, 185.
Winchell, N. H., on St. Lawrence
formation ...................
Winfield, wells at, 648, 649; wells
at, water of, quality, 195.
Winnebago county, city and village
supplies, 800; drainage wells,
799; geology, 797; topography,
797; underground water, 797;
wells, 798; water of, head,
799; quality of, 171.
Winneshiek county, city and village supplies, 413; geology,
71, 75, 77, 80, 83, 86, 408;
springs, '124, 412; topography,
50, 407; underground water,
410; wells, 114, 115, 122, 411;
water of, quality, 168.
Winterset, geology near, 957; wells
at and near, 958, 959, 961;
water of, quality, 200.
Winthrop, springs at, 337; water
supply at, 339.
Wisconsin drift, character, 57, 103 ;
distribution, 57; map showing,
pocket; water in, 135. See

477
300
47
976
47
857

75

also particular county descriptions, pp. 749·92~, 1005·1099.
Wisconsin drift province, area or,
map showing, pocket; topography of, 57, 884; water of,
137.
Woden, wells at, water of, quality
of .......................... 171
Woodbine, wells at .... 1103, 1129, 1136
Woodburn, wells at, water of, qual·
ity of ...................... 201

INDEX
Woodbury county, city and village
supplies, 1095; geology, 1008,
1094; springs, 1095; topography,
1093;
underground
water, 1094; wells, 1094; water
of, quality of, 178
Woolson, wells at................ 655
Worth county, city and village supplies, 803; geology, 802; topography, 802; underground water, 802; wells, 160, 802; water
of, quality of, 171.
Worthington, wells at and near,
369, 370, 376, 389, 390; . wells
at and near, water of, quality
of, 170.
.
Wright county, city and village
supplies, 808; drainage wells,
807; flowing wells, 806; geology, 749, 804; topography, 804;
underground water, 804 j wells,
804; wat!lr of, head, 806; quality, 173.

Wyman, wells at ................. 200
Wyoming, water supply at .... • ... 526

Yarmouth, geology near, 629; wells
at and near, 641.
Yarmouth stage, deposits of, 103;
deposits of, occurrence and
character of; 671, 694; water
in, 673. Bee also Buchanan
gravel.
Yellow river, spring head of, 293;
wells near, 289.
Yield of wells, decrease in, remedies for, 153; ' decrease in, statistics of, 155·158; factors affecting, 144; measurement of,
144.

z
Zearing, wells at, water of, qualityof ......"..... . .. . .. . . "" .. 189

