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THIRTY-SIXTH ANNUAL REPORT OF 

THE STATE GEOLOGIST 

IOWA GEOLOGICAL SURVEY, 
DES MOINES, DECEMBER 31,1927. 

To Governor John Hammill and Members of the Geological 
Board: 

GENTLEMEN: The most important resource of all the natural 
resources of Iowa is water. Knowledge of this fact has stimu­
lated the Iowa Geological Survey, ever since it was organized in 
1892, to investigate thoroughly this great asset of the state. ' For 
more than thirty years Professor William H. Norton has been 
in charge of studies pertaining to the quantity, quality, conditions 
of occurrence, and other features of our underground waters. 
As a result of the work done by Doctor Norton and his assistants, 
the Survey has been able to furnish much valuable informati.on 
to the people of the state regarding our water supply. The most 
comprehensive report which has been published is v: olume XXI 
of the Reports of the Survey. This volume, which was prepared 
in cooperation with the United States Geological Survey, is 
entitled Underground Water Resources of Iowa. In the Intro­
duction to this Report Doctor Norton sta~ed: 

, 

"The need of the scientific investigation of artesian waters 
is obvious to all. Many 'of these deep zones of flow lie far be­
low the surface and below the sources that supply the common 
wells. The local well, driller can not be E;xpected to know either 
the quantity or the quality of artesian waters or the depth at 
which they can be reached. Town · councils in considering 
municipal supply often send committees to the nearest towns 
which have deep wells to obtaiit such facts a~ may throw light 
upon the local problem. Information thus gathered may be 
useful or it may be misleading; it is always insufficient and in­
conclusive. There is needed the skillful interpretation of data 
collected from a wide area, a knowledge of the geologic struc­
ture and acquaintance with the distribution and movements of 
deep waters. For house wells in towns, and for common farm 
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wells, the knowledge of local conditions held by the well drill­
ers of the district is ordinarily sufficient. Yet even here a 
scientific knowledge of general as well as local conditions often 
makes it possi~le to suggest new and l?etter so:urces of ground 
water or new and better methods of utilizing those now in use. 

The object of the investigation, whose results are here pre­
sented, is to furnish to each community so far as possible de­
ductions made from the entire body of facts obtainable, show­
ing whether artesian water can be found at that locality, at 
what depths it may be reached, through what formations the 
,drill must pass, what mineral compounds-healthful or harm-
ful-the water 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 gf,'lneral availability with that 
from other sources." , . ' . 

It was in 1912 that Volume XXI .was published. The informa­
tion it contains has been and will continue to be of great service 
to all persons interested in underground waters. Since the pub­
lication of this volume, more than fifteen years ago, many deep 
wells have been drilled in different parts of the state, in connec­
tion with which many additional data have peen secured by 
Doctor Norton and other persons connected with the Survey. In 

. order that this information may be available to the citizens of 
Iowa Doctor Norton has prepared a supplement to his former 
report. The title of the supplement-is Deep Wells of Iowa. This 
splendid paper, accompanied by a short paper by Doctor James 
H. Lees, Assistant State Geologist, on Well Water Recessions in 
Iowa, is herewith· submitted to the Board with the recommenda­
tion that both papers be published as Volume XXXIII-the 
Thirty-Sixth Annual Report of the Iowa Geoiogical Survey. 

Advance figures for the output of mineral products in Iowa in 
1927 indicate that amounts and values ,are about as follows: 

Cement, barrels shipped __________________ 5,661,234, value $ 9',1~4,405 

Clay products ---------------'----------T"---- value 5,193,380 
Coal, tons mined ______________________________ 2,949',622, value · 9,304,000 
Gypsum, tons sold____________________________ 723,942, value 6,713,497 
Sand and gravel, tons sold ___________ . __ S,,981,143, value 1,839,726 
Stone and lime, tons sold ________________ 1,278,05.6, v~lue 1,267,033 

Total value $33,442,041 
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This is a decrease from the production of the previous year of 
$2,543,738. 

Respectfully submitted, 

GEORGE F. KAY, 

State Geologist. 



-------~-~------ .. -
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DEEP WELLS OF IOWA 

.Introduction 

Since its organization in 1892 the Iowa Geological Survey has 
recognized the importance of underground water resources and 
has made them one of the chief objects of its investigation. Three 
special reportsl have been published setting forth the develop­
ment of these resources up to 1912. The county reports have 
treated more or less fully of the wells and springs of their re­
spective districts. Moreover, advice has frequently been sought 
and given to well drillers and contractors, municipalities, rail-

. ways, and other corporations and private individuals as to the 
underground water supplies available to them. 

The present paper is intended only to supplement. the reports 
already published. Since the publication of the latest report .in 
1912 at least 150 deep wells and prospect 'holes have been drilled 
in Iowa, areas have been explored whose water resources were' 
little known, and in some of the oldest drilling. territory, where 
well records had been singularly wanting or imperfect, new and 
complete data have now been obtaine'd for the first time. In some 
instances the conclusions of earlier reports have been modified, 
in 'many instances confirmed, by new facts deserving permanent 
record. . 

Of all the mineral resources of a state, underground water 
ranks among the first in amount p.f output and in the value of its 
product as measured by th'e iIi4ispensable services it renders. 
The wells of Iowa may be regarded as its most valuable mines. , 
The deeper wells, now numbering at least 400, have an annual 
output running into billions of gallons, while the hundreds of 
thousands of shallow farm wells and house wells, ending in drift 
or country rock, yield in the aggregate an output of a value per­
haps as great. 

1 Norton, W. H., Thickness of 'the Paleozoic Strata of Northeastern Iowa: Iowa Geol. ' Survey, 
vol. III, pp. 169-210, n es Moines, 1895. 

Norton, W. H., Artesian Wells of Iowa : Iowa Geol. Survey, vol. VI, pp. 115-428, nes Moines, 
1n~ " 

Norton, W. H. ; Hendrixson, W. S.; Simpson, H. E .; Meinzer, O. E.; and others, Iowa Geot 
Survey, vol. XXI, pp. 29-1214, n es J\[oines, 1912. 
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The period covered by this investigation has been one of urban 
development in Iowa and has witnessed the change in the water 
supply of towns from house wells to a municipal supply. It has 
witnessed also the wide introduction of sewerage and therefore 
the vastly increased amount of water required for urban uses. 
It has also seen an increasing pollution of streams. Rivers which 
half a century ago might have been considered for public supply ' 
have become common sewers. Their waters if used require un­
intermittent and thorough filtration and chemical disinfection. 

In the location of the towns of Iowa water supply was probably 
never even considered · as a deciding factor. The eminently 
proper place for the county seat was often held to be the geo­
graphic center of the county even if on a high and dry divide. 
The site of towns on streams was fixed by a mill site, the con­
vergence of traffic at a ferry, but perhaps never by the advantage 
of abundant water for public and private uses. Pioneer Iowa 
depended on shallow house wells and cisterns for water supply. 

But with the infection of the soil shallow house wells became 
unfit for use. And with the installation of sewerage and growth 
in population shallow wells also became entirely inadequate to 
meet the increased demand, except in a few favored localities: 
Hence the problem of water supply for Iowa municipalities dur­
ing recent decades-a problem by no means yet completely 
solved . . 

Naturally the first resort for towns whose shallow well supply 
proved insufficient was the sinking of deep wells to tap the stores 
of artesian water in pervious rocks lying perhaps a thousand, 
perhaps two or even three thousand feet beneath the surface. At 
this point the Iowa Geological Survey has been able to give first 
aid. 

For the distribution, amount and quality of the available un­
derground waters at any locality depend on the composition, 
structure and attitude of the rock formations. These character­
istics have been learned from field studies in areas of outcrop. 
The experience of drillers in Iowa and adjacent states has been 
gathered, so that over a very large part of the state the deep 
geology is fairly well made out even to greater depths than the 
drill ~an profitably go. Thus the Saint Peter sandstone, one of 
./' 
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the most readily identified of the water beds, has been traced 
from its outcrops in northeastern Iowa where it stands about 
1200 feet above sea level, to the southwestern corner of ,the state 
where it has sunk to 1853 feet below sea level. Contour maps 
are drawn (Plate I) showing the probable approximate ele­
vation above or ' below sea level of this reliable formation at 
aJmost any locality. To obtain the probable distance which it is 
necessary to drill in order to reach the Saint Peter, one needs 
only to subtract its elevation above sea level, as shown approx­
imately by the Contour map, from the elevation of the locality 
obtainable for any railway station, or to add the elevation of the 
Saint Peter if that formation lies below sea level. 

In the r~port of 1912 on Underground waters, forecasts were 
made also for the towns not already supplied with artesian water 
whose size and location made not improbable the sinking of deep 
wells in the n~ar future. These forecasts showed the depth to 
the various water beds of the artesian field and the nature and 
thickness of the formations through which the drill would pass. 
And on consultation by drillers or by their, clients additional 
facts have also been given as to deep -well prospects. The gen­
eral reliability of these forecasts has been confirmeq on th~ whole 
by the numerous wells drilled the last fourteen years. 

Because of the very large body of facts at its disposal the Sur- ' 
vey has been able to render a unique service to all concerned in 
problems of water supply. The advantage of disinterested and 
reliable advice to municipalities and others who have the sink­
ing of deep wells under consideration is evident. 

For well-driners and"contractors the Survey offers a clearing 
house by which any firm can draw upon the experience of all for 
many years, as well as the technical knowledge and skill of 
geologists. 

It is a pleasure to find that well-men often consult the Survey, 
have read thoroughly its reports, are well acquainted with the 
deep geology of the state, and have even adopted the rather 

'formidable and changing scientific nomenclature of the forma­
tions. Drillers are thus able to base their bids on pretty well as­
sured geologic conditions. It is unnecessary to increase these 
bids to cover improbable contingencies, or to lose on contracts 
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by reason of unexpected difficulties. Over a good deal of Iowa, 
well drilling is fairly well standardized, a condition which makes 
for the benefit of wen drillers and their employers . 

. Before making bids and signing contracts, drillers have asked 
the advice of the Survey as to the depth of the different water 
bed;:;-an important matter where a contract specifies casing to 
the Saint Peter-and as to the lengths of ca~ing necessary to 
case out caving shales and deleterious waters. 

After drilling has gone deep both drillers and their employers 
sometimes refer the question of going deeper to the Survey . . In 
some instances the advice has been given to stop work at once, 
and thousands of dollars have been sl;l.ved in a single well when 
the advice as been followed. In certain cases the advice has been 
disregarded and the drilling cop.tinued with good :results, namely,. 
proving the accuracy of the forecast, increasing respect for the 
judgment of geologists, and confirming and extending our knowl­
edge of the deeper strata of the state. In other cases the advice 
has been given ·to go on to still deeper-lying water beds and some 
very large flows have thus been secured. 

It is well to remember the limitations of our knowledge of the 
subsurface rocks. They are not open to inspection. They can 
be photographed by no rays. Their nature, and the valuable 
minerals, such as oil and water,. ·which they may contain are 
everywhere a matter of inference, and the accuracy and e~tent 
of the inference must depend on the accuracy and fullness .of the 
data from which the inference is drawn. 

These data are, first, the observations made of the outcrops of 
the formations where they form the country rock. The facts ob­
tained by this fieldl study of the geological formations of Iowa . 
are reliable and definite, though not exhaustive. But it is not to 
be expected that the formations will carry their outcrop char­
acteristics unchanged for scores and hundr~ds of miles as they 
sink deeper and deeper below the surface. Rather is it probable 
that they will thicken or thin, change in their dip, and become ' 
altered in composition. And formations quite unknown from 
surface outcrops may appear among the deeper strata. ,Vhere a 
water-bearing sandstone, for example, lies on' an old erosion 
surface it may differ in thickness from a few grains where it 
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rests on it buried hill-top to many feet where it fills a pre-existing 
yalley. A sandstone, water-bearing at its outcrop because of 
open texture, may with distance become :impervious as its in­
terstice"s are filled with clay or cemented with lime. And al-· 
though the lie of the strata in Iowa is singUlarly uniform-a fact 

'that tends to make the state rich in artesian waters, but poor in 
oil and gas and monotonous in scenery-upfolds and dOWnfolds 
may occur in the deeper strata without any surface expression. 
All these variations are unpredictable and can be discovered only 
by the drill. . . 

To a very large extent, therefore, our knowledge of the deep 
geology of Iowa must depend on the second group of data-the 
information secured from deep well drilling. It is believed that 
in large measure this information is dependable and the general 
accuracy of the 'forecasts based upon it confirms its reliability. 
Our debt, therefore, to the drillers and to the owners of deep 
wells is very great ' for the painstaking efforts they have often 
made to place their facts at the disposal of the Survey. 

But it must be remembered that all of this group of data is 
second-hand and not· open to correction by personal investiga­
tion. Such data must vary widely in fullness and accuracy. The 
statistics of a city well furnished by officials may be set down 
from complete original, and weli-kept records, or perhaps from 
a generalized memory called into hurried and reluctant action by 
repeated solicitations. It is sometimes evident that the owner of 
a well just completed knows little or. nothing about his valuable 
property except possibly its depth. 

Drilling firms are necessarily the ultimate sources of informa­
tion, and often are the IIlost reliable and ready. Yet practice 
differs widely. A firm may 1;egularly keep full and accurate 
records of a well, submit them to a competent geologist along 
with a complete set of samples of the drill-cuttings, and furnish 
the owner of the well and the Geological Survey the full statistics 
of the well, its depth, diameters, casings, packings, water beds, 
results of tests for capacity, and log of the rocks passed through. 
Other firms may keep full records of the wells they drill on the 
time sheets of their foremen, but although these firms are us- . 
ually ready to place such facts at the disposal of the Survey, 



20 -DEEP 'WELLS OF IOWA 

it requires considerable 'uncompensated time and trouble on the 
part of ,busy men. And still other firms apparently keep no 
records and give ,their employers nothing beyond a receipted 
bill for payment. When the well needs repairs this lack of in­
formation will be found regrettable for financial reasons. 

All owners of deep wells should recognize their right to this I 
information, and if necessary should make it a matter of the con­
tract. And all well drillers should recognize the advantage of 
imparting it. All statistics are, or should be, at hand on com­
pletion of the well. Taking frequent samples of the cuttings in­
volves much time and pains on thCi part of workmen, but it is well 
worth the trouble, and either the drilling firm or its employer can 
have the samples examined in laboratory by the Iowa Geological 
Survey without expense . 

. Drillers' logs are an essential part of the geologist's data. 
Only the driller knows 'and can record the hardness of a given 
rock as tested by the time taken to drill a unit distance and by the 
wear on the bit. In his time sheets he sets down, or should set 
down, .any slight change in the rock, so that streaks of shale in 
limestone, or of limestone in shale, for example, are defined, 
which escape notice if the only data are samples of cuttings taken 
at intervals of even as little as ten feet. The driller usually 
records the presence of water in any bed as evidenced by fluctua­
tions of water level or the washing away of cuttings. He sets 
down the kind of rock in which the drill is working. He can give 
the depth more' exactly' than ordinarily can be ' determined from ' 
sample cuttings taken at regular intervals. 

Yet drillers' logs often require interpretation and confirma­
tion. The practical, hard-working, skilful well driller is not a 
lithologist~ He has neither the time, the experience, or the labor­
atory equipment for accurate d~terminations of the materials of 
his slush bucket. If a rock, the Galena dolomite for example, 
crushes UIider the drill to a crystalline sparkling sand he may, 
and sometimes does, set it down as "sand", "sandrock" or 
"sandstone". And a geologist working without samples of the 
cuttings may suppose it the Saint Peter sandstone, for example, 
or that here the Saint Peter consists of upper and lower mem­
bers separated by limestone. Hard shale is labelled" slate", soft 
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shale often "soapstone", "mud rock", or "gumbo". Well 
cemented fine~grained sandstone cutting to chips, is often called 
"Eme". Granite may be called "red sandrock" and schist 
"black lime". Quartzite may be labelled "granite" because of 
color and hardness. 

Even in so simple a matter as color, it must be remembered 
that the cuttings as the driller sees them are usually covered 
with a wash of fine rock flour. This the geologist in laboratory 
removes, or'judges the color by ~resh · broken surfaces. 

As to such ambigous rocks as those of the Franconia, the 
driller is no more infallible or consistent than are geologists. 

The driller's log should always be confirmed by a full set of 
sample cuttings, but even here there are possibilities of error. A 
sample taken from the slush bucket represents the rock in which 
the drill is working, but it may also contain a larger or smaller 
amount of material fallen from higher levels in the welL From 
any uncased portion of the drill-hole rocks may be dislodged by 
the vibration of rods or ropes and by the drill and slush bucket 
as they are hoisted and lowered. Rocks such as ·shales and loose 
sandstones and conglomerates may at any time cave for struc­
tural reasons until cased out. Thus shale from the Decorah and 
Glenwood formations may be found at lower levels, and when the 
drill is working in the Saint Peter may simulate streaks of inter­
bedded shale. Sand from friable sandstone may thus mingle 
with the fresh cuttings of lower limest9nes and shales. It must 
often be left undecided as to what material of a sample is native 
and what foreign, especially when it is not known when the cas­
ing was inserted which cased out caving layers. In the descrip­
tion of samples, therefore, the mention of any material does not 
necessarily imply that the material was present in the rock at the 
given depth. 

When there is reason to believe that the different materials of 
a sample of cuttings are all native, there still may remain some 
uncertainty as to the manner of their association. A sample 
made up of quartz sand and minute chips of dolomite may repre­
sent streaks of sandstone in dolomite or of dolomite in sandstone, 
a dolomitic sandstone, or an arenaceous dolomite. . In case of a 
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dolomitic matrix, however, some imbedded grains may usually 
be found if the cuttings are not too fine. 

Occasionally there is some ground for suspicion that the depth 
label is incorrect. If it has heen copied from that of the first 
container, the original figures may have become nearly illegible 
and may have been misread. Original containers may have be­
come misplaced before labelling. If the workman at the derrick 
should attempt to label a number 01 containers from memory the 
result is apt to be highly unsatisfactory to the workman in the 
laboratory. Whatever may be the cause of such errors, labels 
are not convincing when Pleistocene clays are labelled as occur­
ring hundreds of feet deep in solid rock, or sands of Saint Peter 
facies far above the depth of other samples of that formation, or 
samples of nonmagnesian limestone among the dolomites of the 
Prairie du Chien. 

Sometimes there is reason to believe that the sample has not 
been taken directly from the slush bucket, but has been scraped 
up from the dump, introducing bits of coal and cinder and cut­
tings from earlier emptyings. Suspicion may attach to a long 
run of samples singularly alike in their heterogeneity. 

Subject to these possibilities of error and misinterpretation 
the cuttings from Iowa deep wel~s ar~ accepted as on the. whole 
reliable and authentic. It is upon them that the chief dependE;lnce 
has been placed since the organization of the Survey. While the 
drilling of deep wells is now less of an event locally than in the 

, . 
closing decades of the last century, and citizens are less apt to 
possess the collector's passion for cuttings as rare specimens~ 
y~t driiling firms recognize as fully as ever the importance of 
taking these samples and their scientific value. 

It may be added that sets of samples should always be com­
plete, taken from start to finish every ten feet at least, and at 
'every change in the rocks~ Little can ~e done with a few samples 
taken many feet apart. Even when such samples can be referred 
to individual formations, they give neither their upper nor lower 
limits, and important formations may be omitted. 

A sample is sometimes labelled as representing a body of rock 
scores or hundreds of feet thick, while its own depth is not stated. 
In this case the assumed uniformity of the body of rock is some-
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times quite probable, sometimes highly improbable, but it can 
neither be proved nor disproved. 

Cuttings should be emptied from the slush bucket directly into 
the containers. They should never be washed, as the fine ma- . 
terial of them is quite as valuable for identification as the coarse. 
Cheap and good containers are found in cigar boxes and glass 
fruit jars, and the Iowa Geological Survey is glad to furnish 
cloth bags with stout tags attached for labels. Labels should be 
written with a common pencil, not an indelible pencil, and every 
care should be taken that the figures are legible and remain so. 
Wet cuttings should not be placed directly in the cloth bags but 
should first b'e drained· or the water is very likely to stain the 
labels and make their legends illegible. 

The Geological Formations 

Underground waters, their distribution and the amount and 
quality of them obtainable at any place depend largely on the 
structure and composition of the rocks. Of first importance, 
therefore, are the geological formations, not only in their areas 
of outcrop, but also in the larger areas where 'they are buried 
from view and are accessible only·to the drill. The various mem­
bers of the geologic column in Io,va in their relations to under­
ground water have been treated in earlier reports and it is now 
necessary to summarize only the more important facts obtained 
in the preparation of the present paper. A list of these members 
is given herewith. 

GENERAL SECTION OF IOWA STRATA 

Greup System Series Formation Character 
Recent Soil, geest, alluvium 

-Wisconsin Bowlder clay 
Peorian Loess, forest bed, 

sand, gravel 
Iowan Bowlder clay 

0 Sangamon Gumbotil, soils, H 
0 forest bed, 
N 

~ 
Quaternary, sand, gravel 
patches of Pleistocene illinoian Bowlder clay 

~ Tertiary Yarmouth Gumbotil, peat, 0 soil, sand, gravel 
Kansan Bowlder clay, gravel 

Aftonian Gumbotil, peat, 
soil, gravel 

Nebra k n s a Bowlder . I av I cay, gr e 
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GENERAL SECTION OF IOW!A. STRATA (Continued) 

Group System Series Formation Character 

60 Upper CO,lorado Shale, lime.stone 
001-1 Cretaceous 
~~ Cretaceous 

Dakota Sandstone 

Permian Fort Dodge Gypsum, shale 
Wabaullsee 
Shawnee 

Missouri Douglas Limestones, 
Pennsyl- Lausing shales, coal 
vanian Kansas City 

Pleasanton Shales, coals, 
Des Moines Henrietta sandstones, 

Cherokee limestones 
Ste. Genevieve (Pella) Limestones, 

'" St. Louis marls, '" Meramec Spergen . .: sandstones 
Mississip- '" Warsaw 

00 
pian = Osage Keokuk Limestones 

~ Burlington 
0 

Kinder- Shale, 1-1 
hook limestones 

Lime Creek-State Quarry Shale, limestones 
Cedar Valley Limestone, shale 

S 
Devonian Upper {DaVenport Limestone 

Devonian Wapsipinicon Independence Shale 
° Otis Limestone 
~ 

° Cayugan' Salina ,' nowhere exposed Limestone, gypsum 
~ Niagaran Gower Dolomites 
~ Silurian Hopkinton 

Alexandrian Waucoma Lime.stone 
Cincinnatian Maquoketa Shale, dolomite 

-:-Galena Dolomite 
Mohawkian Decorah Shale, limestone 

Platteville Limestone, shale 

Ordovician 
Glenwood Shall! 
St. Peter Sandstone 1 Shu,." Dolomite 

-Canadian Prairie du Chien New 
Richmond Sandstone , 

Oneota Dolomite 
Jord'an Sandstone 
St. Lawrence { Trempealeau Dolomite, marls 

Franconia Shale, glauconite, 
marl 

Cambrian Croixan Dresbach Sandstone 
Eau CIai" } Shale,sandstone 
Mt. Simon Not ex- I ,Sandstone, shale 
Red clastic posed Sandstone, shitle, 
beds (unnamed) in Iowa conglomerate 

8'0 
0°1-1 

Huronian ,sioux ~~O Algonkian Quartzite 
P-tfil~ 
--

6 
filo 
~I-I 

Laurentian' Nowhere exposed Granite, schist 00 
~~ 
~ 
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PLEISTOCENE SYSTEM 

Few facts relating to the glacial drift are obtainable from deep 
well records beyond its ' depth and thickness. Glacial tills and 
water-bearing sands, and gravels are of prime importance to the 
driller of farm wells and the house wells of villages and towns 
and to the many hundreds of thousands of people in Iowa who 
derive their supply from them. But the deep well driller usually 
pays little attention to the drift. He goes through its water 
sands withou,t testing their capacity, and all too frequently takes 
ITO samples until bed-rock is reached. Hence no attempt is made 
in this report to distinguish the different drift sheets. 

Pleistocene deposits are found of abnormal thickness in 'old 
buried channels and deep filled valleys of p~esent rivers at Wash­
ington, Riverside, Audubon, Denison, and perhaps at Van Horne, 
Grinn:ell and Stuar't. At all these points it is more than 200 feet 
to bed rock'. 

The thickest drift in the state is usually supposed to exist in 
northwestern Iowa, but uncertainty has attached to many well 
records because of the possible failure of the driller' to dis­
tinguish glacial clays from Tertiary clays and from Cretaceous 
shales. The wells of this area here reported give nothing ex­
ceptional for the drift except at Holstein, where, if the samples 
are authentic, glacial tills' are found as 'deep as 380 feet and may 
extend to the first sample of bed rock at 42'0 feet. 

CRETACEOUS SYSTEM 

In northwestern Iowa the drill normally pierces below the drift 
the shales and limestones of the Colorado group , of the Cre­
taceous, passing thence into the well known water bed of , the 
Dakota 'sandstone. The Colorado group is well developed at 
Orange City, where it attains a thickness of 330 feet. At Inwood 
none of the Cretaceous can be identified from an imperfect log. 
At Sioux City the Colorado and a large part of the Dakota lie 
above the level of the rivers and of the well curbs. As at many 
towns in northwestern Iowa, the Dakota sandstone furnishes part 
or whole of the supply at Sioux City and Orange Cit~. ' , 

Beneath the sandstones of the Dakota group shales whose 
rank is undetermined are found at several places. Some may 
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belong to the Dakota group'; others to Paleozoic systems. At 
Sioux City shales, red and whitish, 70 feet thick occupy this 
horizon. At Orange City 8 feet of red shale with 37 feet of un­
derlying gray shale rests on a sandstone attributed to the Saint 
Peter. As the sand grains included in the red shale are well 
rounded both shales may be classified plausibly as Glenwood. 

At Emmetsburg the Dakota sandstone is parted from Paleozoic 
dolomite by bright brick-red ochreous shale of finest grain, 22 
feet thick, with some angular included grains of sand, and black 
nodular grains of ironstone up to five millimeters diameter. At 
West Bend a "red marl" separates the Dakota sandstone from 
Mississippian cherts and at Ayrshire a red shale is reported 
as' underlying the Dakota sandstone. At Algona a "fine sand­
stone" attributed to the Cretaceous rests on 5 feet of limestone 
which in turn overlies 10 feet of "red shale". At Holstein 
shales 170 feet thick intervene bet~een the exceptionally thick 
drift and , the Mississippian. Here the Cretaceous sandstone is 
wanting and the shales may be Pennsylvanian, although at-Cher­
okee a thick body of shale and sandstone at the same horizon has 

. been placed with the Cretaceous. 
In western Iowa heavy shales beneath the drift and the Dakota 

sandstone may be Pennsylvanian in age. The red shales of the 
Pella beds at Fort Dodge suggest that some of the red shales 
above mentioned may even be Mississippian. 

-

PENNSYLVANIAN SYSTEM 

Data. as to the character and thickness of the Pennsylvanian, 
or Coal Measures, will be found in the records of several ·new 
wells located on the widespread area of outcrop of this system. . 

. In a number of instances the logs of the drillers will be found 
more complete and accurate than data from the ' samples of the 
cuttings. In the Missouri series frequent changes in the char­
acter ,of the strata are common, and samples taken every ten feet 
miss thin beds of sandstone, shale, limestone, fire clay and coal, 
which a carefully taken log records. 

In well~ pf the Des Moines series it is unfortunately rather 
common for drillers to take no samples until the somewhat 
monotonous shales which constitute the bulk of this stage are 
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passed through. The abnormal record of the deep well at Man­
son (p. 246) is interpreted as probably that of the fill of a pre­
Pennsylvanian valley-or possibly of a pre-Cretaceous valley­
by deposits in part contin'ental. 

. MISSISSIPPIAN SYSTEM 

According to the classification of Weller and Van Tuyl,2 the 
Mississippian system of Iowa includes the following subdivi­
sions : the Meramec group, consisting of the Ste. Genevieve . 
(Pella), St. Louis, Spergeh, and Warsaw formations, the Osage 
group, consisting of the Keokuk and Burlington, and at base the 
Kinderhook group, embracing a heavy basal shale and various 
formations of limestone, shale and sandstone not discriminated ' 
in this report. . 

In deep well sections the Mississippian is approximately de­
marked from the Pennsylvanian where the shales of the Des 
Moines or its basal sandstones give place to the cherts and lirrie­
stones of the earlier system. Pella shales or St. Louis sandstones 
occurring at · the summit of the Mississippian might ,easily be . 
wrongly inchide,d in the Pennsylvanian. 

The delimitation of the Mississippian at base from the Devon­
ian is even more difficult in deep well sections than in the field, 
where in the northeast part of the area of outcrop the place of 
the Sheffield shale, ranked at present as Mississippian, may per­
haps be decided by fossils to be Devonian, and in the southeast, 
where some doubt still attaches to the place of the Sweetland 
Creek shales, now ranked as Devonian. . 

In several deep well sections in Illinois U dden has successfully 
discriminated the Kinderhook shale from the Sweetland Creek 
by the presence of mi~roscopic sporangites in the latter. In Iowa 
deep well sections this discrimination has not been made, and it 
is probable that some shales attributed to the Kinderhook include 
Devonian ' shales also, Sweetland or Lime Creek. 

In the well sections of southeastern Iowa the Ki~derhook shale 
(including perhaps Upper Devonian shale at base) carries the 
thickness of its outcrops and of the well sections of earlier re­
ports. At Fairfield this shale is 250 feet thick, at Morning Sun 

2 Van Tuyl, Mississippian Strata of Iowa: Iowa Geol. Survey, vol. XXX, pp. 42, 43. 
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and Brighton about 280 feet, and at Winfield and Donnellson 
about 325 feet. At Riverside in Washington county it measures 
175 feet, but here the upper part may be cut away by the filled 
valley of English river. At Keokuk it measures 204 feet. 

To the northwest the Kinderhook shale thins. At Nevada it 
measures 80 feet, at Des Moines 185 feet, at Rippey 45 feet. At 
Webster City it is represented perhaps by argillaceous limestones 
and at Fort Dodge it is about 60 feet thick and contains beds of 
limestone. At Gowrie it measures 50 feet. Further to the north­
west, at Holstein and Algona, it is not recognized. 

In southwestern Iowa it has but a moderate thickness, at Audu­
bon 50 feet, at Stuart 41 feet and at Greenfield 55 feet. At Oak­
land a shale 97 feet thick struck at 1486 feet may be the Kinder­
hook. In that case the entire Mississippian at Oakland has the 
not, excessive and yet sufficient thickness of 396 feet. 

DEVONIAN SYSTE M 

The upper limit of the Devonian terrane is usually drawn in 
deep well sections at the summit of the limestones which underlie 
~he body of shale whose upper portion at least is Kinderhook. 
The lower limit is difficult to define except where ' nonmagnesian 
or slightly magnesian limestones, perhaps with shaly beds, give 
place to typical Niagaran dolomites. But the Wapsipinicon stage 
of the Devonian contains dolomitic beds and the Salina of the 
Silurian is by no means fully dolomitized, and west of Marshall­
town it is usually the Salina on which the Devonian rests. 

Near the western edge of the area of outcrop the Devonian is 
assigned a thickness of 165 feet at Waterloo, 231 feet at Van 
H?rne, and 220 feet at Oakdale. Farther west, at Nevada, it is 
probal;>ly at least 240 feet thick and .. 120 feet thick at Des Moines. 
At Stuart and Rippey a thickness of 155 feet is assigned to this 
system. . 

In southeastern Iowa the Devonian rocks appear to be about 
140 feet thick at Brighton and 100 feet thick at Washington. At 
Donnellson no more than 140 feet can be given to both the Devon­
ian and Silurian. 

• 
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The Silurian system of Iowa is of special interest in its rela­
tions to ground water. The Niagaran limestone throughout its 
area of outcrop and along its western edge forms a capacious 
reservoir within easy reach. Its solution channels are many and 
large and it has the advantage of 'an impervious floor in the 
Maquoketa shale. Over this area wells of about 300 feet or less 
which reach the base of the formation may yield an adequate sup­
ply for villages and towns. Such wells are as safe as any where 
the limestone ' has an impervious cover of boulder , clay. But 
where the limestone is not thus protected its solution channels 
may carry contaminating surface waters too deep to be shut out 
by casings. The recent Niagaran well at Manchester is ' but one 
of several examples of this danger. 

As the Niagaran limestone dips beneath ' the surface to the 
west and south there is evidence that it comes to be overlain 
and replaced by gypsum-bearing limestones, which probably 
belong to the Salina group of the Silurian. These beds are of 
importance to the driller for any water they contain is ljkely to 
be objectionable on account of its permanent hardness and should 
be cased out. To the north the Niagaran limestone thins abrupt­
ly and it can not be certainly identified at Charles City, Mason ' 
City or Osage. 

The Silurian in parts of the state beyond its area of outcrop 
contains also arenaceous beds which may be water-bearing and in 
western Illinois form reservoirs/for oil. 

SALINA 

Gypsum-bearing beds referred to ' the Salina were found in 
Iowa wells drilled before 191.0 at Ma:r-shalltown, Des Moines, 
Grinnell, Pella and Mount Pleasant. At Glenwood also and at 
Bedford gypsiferous limestones were found apparently below 
the horizon of the Permian, the probable horizon of the gypsum 
of Fort Dodge, and below also the stratigraphic level of the Mis­
sissippian, to which the gypsum of Centerville belongs. These 
also were tentatively referred to the Salina. 

The inferences of the earlier reports have been ,confirmed by ' 
new wells at various points. At Des Moines, in the well of the 
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Northland Milk and Ice Cream Co., the gypseous -beds of the 
Salina appear in considerable force 140 feet below the base of the 
Kinderhook shales. At Webster City gypsum associated with 

, nondolomiti~~estone is found in distinct beds 8? and 140 feet 
above the summf~ t)f the Maquoketa shales, and ChIPS of gypsum 
with limestone occur in cuttings to 250' fee~ above that datum. 
At Nevada and Ogden well marked gypseous deposits were found ' 
at the Silurian horizon and they probably were found at Ames 
also. In southeastern Iowa gypseous beds occur 140 feet below 
the base 'of the Kinderhook at Brighton. The beds of gypsum 
and anhydrite at Mount Pleasant lie 120 feet below the base of 
the same shales. " 

At Stuart and Greenfield the gypseous beds of the Salina form 
a stepping stone between those at Des Moines and those at Glen­
wood and Bedford. . Gypsum begins to appear in the cuttings 'of 
the Stuart well at 1375 feet and is found at intervals in chips with 
limestone to '1759 feet, 106 feet above the summit of the Maquok­
eta. At Greenfield 'gypsum occurs in the cuttings from a body of ' 
dolomite found 130 feet below the well defined horizon of the base 
of the Kinderhook shales. . ., . 

HOING· SANDSTONE 

Sandy beds at the base of the Silurian were 'discovered by 
. Calvins in 1888 in a deep well section at Washington, Iowa, and 
this has been con.firmedby the cuttings of th~ deep wells since 
drilled at this Locality. ' At Sigourney also a bed 6 feet thick and 
composed of chert, limestone, and much"" quartz sand occurs at . 
the base of the Silurian. At Des Moines in the Greenwood Park 

, -
well a similar formation' 22 feet thick was disclosed 55 feet above 
the top of the Maquoketa shale and separated from it by a bed of 
limestone. The same sandy bed was reached by the -recent well · 
of the Northland Milk and Ice Cream Company (p. 166). 

At Stuart quartz sand and limestone c4ips form the cuttings 
representing the basal 24 feet of the Silurian. At Centerville a 
sandstone 50 feet thick overlies 60 feet of sandy limestone, which 
rests on shales assigned to the Maquoketa . . At Shellsburg a fine­
grained sandstone 30 feet thick rests on th,e Maquo~eta shales. 

3 Calvin, S., American Geologist, vol. I, pp. 28·31. 
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Probably the basal sandy rocks of the Silurian at some of the 
above localities are the equivalent of the sandstone discovered 
by the drill in the Colmar oil field in western Illinois and called 
the Roing sand.4 The Roing formation is described as spotty 
and discontinuous in distribution 'and lenticular in its deposits, 
with a thickness ranging from 5 to more than 30 feet. It is sup­
posed to lie unconformably on the Maquoketa shale and to occupy 
hollows in the erosion surface developed on the shale during the 
erosion interval preceding the deposition of the NiagaTan ~ime­
stone. It thus consists of land deposits reworked by the trans-
gressing Niagaran sea. ' 

The arenaceous 'deposits at the base of the Silurian in Iowa 
well sections bear this interpretation. At Des Moines, where 
they rest on limestone, it is quite possihle that, as in its outcrop in 
northern Iowa, the Maquoketa includes a limestone bed as its up­
per member. 

ORDOVICIAN SYSTEM 
I 

~AQUOKETA SHALE 

The facts gathered from recent wells as to this formation, so 
important as a confining bed in the artesian sy~tem, and so re­
liable as a marker in the interpretation of well sections, confirm 
the conclusions of earlier reports, but offer little that is' new. 

Considerable range in the thickness of ·the Maquoketa is found 
even in nearby sect~ons. This is attributable to the variations in 
level of the land erosion surface ' developed on the ' shale before 
the deposition of the Niagaran limestones, and no doubt also to 
various classifications of transition , beds and to vari~us inter­
pretations of sample cuttings. The interpretation . of washed 
samples of the cuttings of shale and shaly limestone, from which 
the clayey constituents have been removed, may easily differ 
from that of unwashed sample cuttings of the same beds ih a 
different well. ' 

4 Morse, W. C" and Kay, F . R" Bull . No, 31, State Geol. Surv. of Illinois, pp. ~O·42. 
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Thickness of the Maquok'eta Shale 
WELL SECTION 

Cresco ................................................................... . 
Oelwein ................................................................. . 
Preston (upper part perhaps cut away) ....... . 
Delmar ................................................................. . 
Dewitt ...... : .......................................................... . 
Waterloo ........................................................... . 
Cedar Rapids ..................................................... . 
ShellsbUl'g ................................ _ .......................... . 
Oakdale ............................................................... . 
Bettendorf ........................................................... . 
Van Horne ....................... ~ ..................... _ .......... . 
Nevada ................................................................. . 
Grinnell ............................................................... . 
Des Moines (Greenwood Park) ......... _ ............ . 

. Stuart ................................................................... . 
Rippey ................................................................. . 
Denison ............................................................... . 
Audubon ............................................................. _ 
Webster City ................................ -.................... . 
F ort Dodge ................ : ........................................ . 

THICKNESS IN FEET 

120 
215 
120 
225 
201 
230 
260 
170 
145 
200 
193 

50 
240 

33 
119 
150 

40 
90 
70 

210, 190 
Algona ................................................................. . 40 
Washington .................................................... _ ... . 
Winfield .... , ........................... _ ........................... . 
Brighton ............................................................. . 
Donnellson ................. , .................•......................... , 

200 
210 
110 

1 . 5 

To the north, as at Calmar, Cresco and Charles City, shale has 
been replaced by impure dolomites. . 

To the northwest the Maquoketa thins and · at Emmetsburg 
may be represented by a shale only 4 feet thick. At Cherokee 
and Holstein it has apparently either feathered out or has been 
removed by erosion. To the southwest the shale was not recog­
nized in the Council Bluffs and 'Omaha wells and probably was 
not reached at Glenwood and Bedford. At Nebraska City, how­
ever, the driller's log records a shale 114 feet thick at 2160 feet, 
which is pretty certainly the ~aquoketa. 

In the extreme part of southeast Iowa the Maquoketa feathers 
out and at Donnellson is but 5 feet thick. , 

GALENA, DECORAH AND PLATTEV!LLE FORMATIONS 

Beneath the Maquoketa shale the drill enters a group of lime­
stones and shales which rests on the ·Saint Peter sandstone. In 
descending order this group consists of the Galena limestone, 
the Decorah shale, the Platteville limestone, and the Glenwood . 
shale. The Glenwood shale is transitional to the Saint Peter 
sandstone and while here grouped with the formations which 
succeed it, is reserved for ,description in a later section. 
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'In well sections where the Decorah is absent or unrecognized 
the group above' the Glenwood is designated as the Galena~Platte!. 

ville. 
This group of 'formations is one of the most extensive in 'the 

Iowa geologic' column, underlying all the state 'except a few town­
ships in the northeastern county, and an undefined area in the 
northwest, where the Cretaceous rests directly on the Saint Peter 
or on still older rocks. ' 

The lithologic characteristics of 'these beds are fairly constant 
throughout the state. While they are not of themselves sufficient 
for identification in the absence of fossils, in well sections where 
the Maquoketa and Saint Peter are present the group is identi­
fied with certainty, although its component fotmations may not 
be clear. 

The cavernous nature of the Galena and the numerous power­
ful 'springs which issue from it at its juncture with the Decorah 
shale along its outcrops, suggest the fact that it is an important 
water bed, but that the circulation of ground water in it is through 
irregular and unpredictable solution channels and not in sheets. 
, Among the older wells such irregular waterways in th~ Galena' 

were struck at Clinton, Davenport, Fort Madison, Sumner, 
Osage, Mason City, 'Hampton, Pella, Grinnell and Holstein. To ' 
this list are now added Algona, Calmar, Donnellson, Van Horne 
and Webster City. At Calmar, Donnellson, ' Mason City and 
Iowa City the Galena-Platteville furnishes the main suppl~. -

GLENWOOD FORMATION 

In the Geology of Allamakee County Calvin5 described as a 
basal shale of the Trenton a shale five or s'ix feet thick resting con­
formably 'on the Saint Peter sandstone. Later, in his survey of 
Winneshiek county, Calvin6 found this shale more fully developed. 

~ He gave it a formational name from Glenwood township, where it 
reaches a thickness of 15 feet, and ,because of streaks and bands 
of sand of Saint Peter facies which it contained he classified it 
along with the Saint Peter sandstone as a formational member of 
the Saint Peter stage. ' ," 

5 Calvin, S" Iowa GeoL Survey, vol. IV, pp, 73, 74, nes Moines, 1895, 
6 Calvin, Iowa GeoL Survey, vol. XVI, pp, 61, 74, nes Moines, 1906, 
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. ·Leonard1 in his report on the geology of Clayton county finds 
this shale 'but 2 or 3 feet thick and nonarenaceous. He classifies 
it as the basal shale of the Trenton. 

Norton, in his report on the Underground Water Resources of 
Iowa,s describes the Glenwood shale as widely distributed over 
the state. It is included in the Platteville formation, since from 
the point of view of the driller of deep wells it seemed best to 

. retain the term Saint Peter in its most restricted sense and in 
well sections at a distance from the area of outcrop heavy shales 
above . the . Saint Peter sandstone might include the .·equiva)ents 
of the Decorah shale and of. the Platteville ,limestone, there be­
come 'predominantly shaly. Yet it is stated that" if studied in 
the field some of these arenaceous transition beds would be classi­
fied with the S~int Peter". 

For th~ same reasons in the present investigation the Glen­
wood is placed with the Platteville, the Decorah and the Galena. 
If the sand which it carries in places aligns it witp. the Saint 
Peter the clay which is its constant con'sti~uent relates it to the ' 
j>latteville, which in its lower beds has a tendency to become 
argillaceous. 

The Glenwood probably has some economic value as a contain­
ing bed for the sandstone aquifer on which it rests. It forms a 
trusted marker as a member ,of. the unique sequence of the Platte­

. ville earthy limestone, the hard dark green shale of the Glen­
wood, the clean sand of the Saint Peter and the dolomites of the 
Prairie du Chien. 

In the deep well sections of northeastern Iowa .the GlenwQod 
has about the thickness of its outcrops. At De~ora?, Monona, 
Calmar, Manchester, Waverly and Sumner its thickness does not . 
exceed 10 feet. At Frederika the driller's log reports at this 
horizon 8 feet of "gumbo" overlain by 32 feet of "blue shale", 
probably in part Platteville. 

To the west, in north-central and northwestern Iowa, the for­
mation either thickens or :inerges 'with a shaly Platteville, per­
'haps also with· the Decorah shale. At Charles City the shale 
overlying -the Saint Peter sandstone is 73 feet thick and th~ up- . 

1 Leonard, A. G., Iowa GeoL Survey, 'voL XVI, p . 251, Des .Moines, 1906. 
8 Norton, Iowa Geol. Survey, :v.ol. XXI, pp. 82-84!, Des Moines, 1912. 
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per layers of the sandstone apparently are somewhatargilla­
ceous. At Osage and Hampton a thickness of about 40 feet is 
maintained, while at Mason City the shales immedi!ltely above 
the Saint Peter reach a thickness of 90 feet, including a thin bed 
of limestone. At Algona the driller's log records at this horizon 
shale 112 feet thick with three streaks of limestone aggregating 
but 11. feet., At Emmetsburg these shales are 95 feet' thick and 
at Cherokee they may reach 50 feet. At Holstein (p. 225) there 
is an interesting succession of .90 feet of argillaceous dolomites, 
.sandstone, shale and limestone. 

In east-central Iowa the Glenwood is thin-iO feet or less-at 
Clinton, Maquoketa and Anamosa and is absent or unreported at 
Green Island, Cedar Rapids, Tipton and Vinton. At Oakdale the 
Glenwood is separated from the Saint Peter by a 'thin bed of 
limestone. At De Witt, where it is 13 feet thick, it consists of 
sandstone with inflammable oil shale overlying the typical green 
shale of its outcrops. At Bettendorf the Glenwood includes 15 
feet of sandstone and i5 feet of subjacent shale. The same suc­
cession is reported by Udden at Rock Island.9 At Sabula 25 feet 

. of limy, clayey sandstone is parted from the clean sandstone of 
, the Saint Peter by 25 feet of green fissile shale. At Letts the 
same sUGcession lies within the limits of 30 feet. 

In central Iowa the Glenwood is thin at Des Moines and Van 
Horne. At Grinnell it includes a thin basal bed of limestone. At 
J efferson, Ames, Ackley, Webster City, Fort Dodge, Rippey and 
Gowrie its thickness li~s between 25 and 35 feet. At Boone the 
place of the Glenwood in the stratigraphic column is occupied by 
50 fe,et of shale arenaceous at base and with a thin layer of sand- , 
stone 15 feet from the top. 

In southeastern Iowa the Glenwood is arenaceous or includes 
an upper layer of sandstone at Morning Sun, Winfield, Brighton 
and Washington. At Sigourney it is absent and at T)oimellson it . 
is represented only by . a thin dolomitic sandstone.. At Center- . 
vill~ it is 10 feet thick and contains no sand. . 
. In west-central and southwestern Iowa the shales overlying 

the Saint Peter attain something of their thickness in north­
centrai Iowa. At Denjson and Audubon this body of shale is 80 

. 9 Udden, J. A., Some Deep Borings in Illinois.: 
:1 . • 

Illinois State Geol. Survey, Bull. 24, p. 62, 
Urbana, 1914. 

\ 
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feet thick, including at Denison a bed of limestone not mor~ thall 
10 feet thick and parted from the Saint Peter by a lay.er of lime­
stone which comes within the same measure: At Stuart t~e< Saint 
Peter is overlain by three beds aggregating 16 feet-a, highly 
calcareous shale, a fine dolomitic sandstone of rounded grains, 
and at bottom a very sandy,limy shale. Sixty-four feet higher 
occurs a 5 foot bed of dark green shale with rounded grains. 
Some sandy shales are found also at several lower level~ i:p. the 
midst of limestones of Platteville facies. If these samples are 
authentic the shaly beds which represent the Glenwood may reach 
the thickness given the formation at Audubon and Denison. 

SAINT PETER SANDSTONE 

The Saint .Peter sandstone' is not only an important water bed, 
it is also a most valuable marker on account of its lithologic 
peculiarities as a clean soft sandstone of rounded and frosted 
grains. It underlies the entire state excepting a small area in the 
no:r:thwest which extends at least as' far south as Inwood and, 
judging by the Worthington, Minnesota, deep well section (p. 
366), as far east as Osceola county. In the northeastern corner. 
of the state it stands at an elevation of about 1200 feet above 
sea level on the high divides between Upper Iowa and Yellow 
rivers. Gradually it sinks to the southwest until in a drill 
hole section at Nebraska City, opposite the , southwestern 
corner of the state, it was identified in 1912 by the writer at 1853' 
feet below sea level. To the east of :N" ebraska City it probably 
lies still deeper and in the southwestern counties of Iowa the 
Saint Peter and the. water l;>eds below it are quite too far below ' 
the surface for profitable exploitation. ' 

Because of the easy recognition of the Saint Peter and its 
statewide extent a contour map is inserted (Plate I) showing 
the probable. elevation of its surface above sea level. Where the 
elevation is highly hypothetical the :contours are drawn with 
broken lines. The 'data on which the map is based are the logs 
of hundreds of wells, and although the accuracy of the map can 
not exceed the accuracy of the data, it is believed . that it will be 
found helpful. It must be remembered, however, that the map 
is based necessarily on the assumption that the dip of the forma-

• 
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tidn between two given points is constant. Local upfolds and 
downfolds which find no surface expression can not be predicted 
in advance of the drilL . 

The Saint Peter is a fairly reliable water bed. Yields are re­
ported from it at Brighton, Gowrie, Donnellson, Fort Dodge, 
Morning Sun, Orange City, Oakdale, Van Horne, Washington 
and Waterloo. The Saint Peter seldom furnishes the main sup­
ply and it is usually advisable to drill deeper to tap the more 
copious flows of lower water beds. 

Basal Beds of the Saint peter.-N ormally in Iowa both at out­
crops and in well sections the clean white sands of the. Saint Peter 
rest directly on the dolomite of the Prairie du Chien. In several 
wells; however, .the drill has struck at the base of the Saint Peter 
sandstone of normal type anomalous beds-chert conglomerates; 
red shales and red sandstones of special importance to the driller 
because of their exceptional facilitj in caving. To the geologist 
these basal conglomerates and other residual materials produced 
by the secular decay of the ,Prairie du Chien dolomites are of 
interest since they are records of a long erosion interval between 
the Prairie du Chien and the Saint Peter. 

In the study of Iowa well sections these anomalous deposits 
were first noticed in Holstein city well no. 1. Here the beds be-

. low the Saint Peter sandstone include caving red and green shale 
and chert, with dolomite and sandstone and marl, either in dis­
tinct layers or as pebbles and matrix of a conglomerate. The 
thickness is undetermined but can hardly exceed 255 feet and, 
probably is much less. , For in city well no. 2 drilled 160 feet from 
well no. 1 the beds below the'Saint Peter 'are quite normal and no 
caving material was encountered. The red shale and chert of 
well no. 1 are to be construed as a lenticular deposit and, if thick, 
as fill in a steep-sloped valley. 

The section in well no. 1 from the 'base of the Saint Peter at 
1485 feet to 1740 feet, where we have a bed of plastic blue shale 
resting onglauconiferous ' marl referred to the- Saint Lawrence', 
(Franconia beds) is described as follows :10 ' 

10~~ ~~rJ°.f64~· R ., Underground Water Resources of Iowa: Iowa Geol. 'Survey, vol. XXI, lip. 

i 



38 . DEEP WELLS OF IOWA 

Limestone (') marly, arenaceous; described by driller as a "sandy 
rock which wears the drill; sand grains brought up in slush 
bucket; other drillin·gs very light and float up in water; rock. .. 
drills about one foot an hour, and does not cave" .......................... 1485-1520 

Shale, red; "at about 1520 red marl was coming in and could not 
tell much .about .the formation from there down to 1890 ,feet as 
it was caving very badly all the way and caved more ·or less from 
there down to 2000 feet" ................................................................. _.1520 

Sandstone, fine· grained, blue· gray, dolomitic cement .......................... 1575 
Sandstone imd dolomite; quartz sand, considerable red shale and 

some green shale from above, and a little gray siliceous dolomite .. 1670 
Chert, dark reddish brown, ferruginous, in small chips, arenaceous 

with minute particles of crystalline quartz; as similar chert and 
reddish argillaceous powder are found in nearly all the drillinga' 
below, this may l].ave fallen in from 1520 ........................... : .............. 1700 

Sandstone and chert; sandstone fine·grained, in detached grains of 
clear quartz, many imperfectly rounded, and miiLute white cut· 
tings showing quartz particles in dolomitic cement; chert, da.rk 
brown, ferruginous, dolomitic .............................................................. 1720 

A prospect hole drilled in 1907 near Maquoketa afforded more 
satisfactory evidence of the nature of the~e anomalous beds be­
neath the Saint Peter sandstone, and here these beds were inter­
preted by the writer as continental deposits recording an uncon.­
formity.11 The record of these beds and of a sample of cuttings 
of dolomite beneath them, referred to the Oneota, is as follows: 

Sandstone, fine, brick red, ' considerable red argillaceous or ferric 
admixture; when washed in hot water drillings remain pink 

. owing to the films of ferric oxide on grains of quartz sand; 
grains rounded, many broken; sand said by driller to contain 
seams of red shale; in log "red sandstone" ..................... : ............ 815-1056 

Dolomite, light yellow gray, with much dark· red and dark brown 
hard fine· grained shale; some light green shale; a fine yellow 
quartz sand; a fragment of red fine·grained sandstone set with 
pieces of green shale; all except dolomite probably foreign, at.. .. 1056 

From the sample taken at 1056 feet it seemed clear to the 
writer that the drill was here working in dolomite, but the ma­
terial assumed to have fallen in from the ' continental deposits 
above is also noteworthy, especially the fragment of red sand­
stone set with pieces of shale. This fragment is quadrate, its 
diagonal diameter 2 cm., and the sandstone incloses as a matrix 
a central mass of shale with bent and broken laminre about its 
edges. The sample of the cuttings also furnishes a piece of 
laminated green shale in which two laininre each about 2 mm. 
th~ck inclose a lamina of the same thickness of white· sandstone. 

While only one sample was supplied of the entire 241 feet de- . 
scribed as "red sandstone with seams of shale" it was ~noted12 

11 Norton, W . R., op. cit., p . 496. 
12 Norton, W . R., op. ·cit., p . 79. 
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that "the log was made 'out with unusual care by the foreman in 
charge of the work" and that an inspection of the slush piles 
after the well was nearly compl~ted "showed so large' an amount 
of the red sandstone as to give much support to the statement of 
the log." 

A number of instances on record of similar red deposits dis­
covered at this horizon in deep wells were cited: in Minnesota 
reddish deposits of limestone in a well at East Minneapolis and 
in one at the West HotePS and in, Illinois red marls at Lake Bluff 
and Winnetka,~4 J oliet,15 Mollne and East Moline.16 

, The basal beds of the Saint Peter shown in some deep well sec­
tions are inconspicuous· or wanting in the Iowa area of outcrop. 
Yet Trowbridge17 has observed that "in several places, notably 
in the vicinity of Church, the basal portion of the Saint Peter 
sandstone contains fragments' of chert which came from the 
Prairie du Chien dolomite"; Trowbridge also notes two phases 
of the Saint Peter in Iowa, an upland phase and a valley phase, 
the latter "highly and variously colored" as at Pictured Rocks, 
McGregor, and he 'goes On to say that "'these differences within 
the formation are due doubtless to the different conditions which 
existed in the valleys and on the divides during the early part of 
the Saint Peter stage";18 . 
" In the states adjoining Iowa on the north, east and south' the 
differences between the basal beds of. the Saint Peter and its 
~ormalfacies have been,noted by a number of obse~vers. Refer­
ence has already 'been made to typical well logs in Ill~nois and 
Minnes'ota. In Missouri, the basal member of the Saint Peter 
group, as described by Dake, tl).e Everton, consists of an upper 
limestone arid a lower group of sandy beds including a. basal con-, 
glomerate of' chert pebbleS' and sometimes of dolomitic pebbles 
as well; all in a sandy matrix. In one . section this conglomerate 
is 10 feet thick19 Dake in cOIl).menting on N orton~s interpreta-

18 Hall. C. W,. Bull. :Minnesota Acad. Nat. Sci.. vol. 3, p, 139, 
14 Stone, Leander, Bull. Chicago Acad. Sci., vol. 1, p. 96. 
15 Leverett; Frank, Seventeenth Ann. Rapt. U. S. Geol. Survey, pt. 2, p , 799. 

, ;t6 Ud!i~~, J . A., ibid, . p. 848. , ' 
• 1.7 Trowbridie: A. C.; The p 'rairie du Chien-Saint Peter Unconformity in Iowa : Proc. Iowa 

Acad. ,ScL, vol. XXIV, p. 180, Des Moines, 1917. 
111 Trowbridge, op. , cit., p. 181. 
19 Dake, C. L., Problem of the Saint Peter Sandstone: ~1j.ll . Missouri School of Mines, vol. 

VI, no. :l ; p : 16, R'olla, 1911. ' 
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tion 0f the Maquoketa red sandstone as a continental deposit 
states that" this solution is also directly; in lipe with the presence 
of red residual soils ' discovered by the writer at the base 'Of the 
Saint Peter sandstone in Missouri. ' '20 . . 

In Wisconsin, both Chamberlin and Wooster early noted at 
the base of the Saint Peter, conglomerate,chert and kaolinic 
masses.21 Alden in 1918 recorded 12 deep wells in which red 
marl, red' shale, red sandstone, grey 'and red 'chert occupy this 
horizon.22 He also states that" at very mlmy places throughout 
the belt of outcrop * * * there are small exposures of red.dish, 
purplish, bluish, greenish or white clayey shale or sandy shale at 
. or near the contact between the limeston~ and the overlying sand­
stone'''. "At Albany in Green County 3 to 5 feet or more of this 
loose chert was seen occupying a rounded and weathered surface 
of the limestone and underlying the undulating basal layers of 
sandstone, 'in whose lowest layers fragments of chert were in­
cluded".23 Referring to the red sandstone Alden notes that" at 
what exposures there· are it differs from most of the Saint Peter 
formation in that infiltration of silica-bearing waters has led to 
the rejuvenation of a large part of the quartz crystals * *".24 

In the Tomah and Sparta quadrangles, Wisconsin, Twenhofel 
and Thwaites25 found that the ba,sal parts' of the Saint Peter in­
volve "a variable thickness of red and green noncalcareous shales ' 
and fine-grained shaly yellow sandstones". " At any place where 
the b.ase of the Saint Peter was observed it rests on a residuum 
of red clay and chert which . if? altogether without stratification. 
This r!'lsiduum was derived from the weathering of the Oneota 
and possibly higher formations. In this article this unstratified 
material is. assigned to the Saint Peter, although it developed 
during the time of erosion which intervened in this area between 
the Oneota and the Saint Peter and thus might be considered a 
distinct formation. " 

To the evi.dence from outcrops Thwaites has added that . de-

20 Dake, op. cit., p. 68. 
21 Geol. of Wisconsin, vol. 2, p. 287; vol. 4, p. 129. 
22 Alden, W. C., QUllternary Geology of Southeastern Wisconsin: Prof. Paper no. 106, U. S. 

Geol. Survey, p. 79. 
23 Alden, ibid, p. 81. 
24 Alden, ibid, p. 82 .. 
25 Twenhofel, W. R., and Thwaites, F. T., Journ. Geol., vol. XXVII, pp. 632'633, 1919. 
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rived .from deep well seetions.26 In summation he states" The 
Saint Peter is dominantly alight gray'"' '"' '"' '"' '"' sandstone; below 
the sandstone are beds of purplish red and green shale, inter­
stratified with layers of white disintegrated chert, and conglom­
erate with chert and limestone pebbles in 'a matrix of fine to 
coarse sand. These basal beds· cave very badly in wells and must 
be cased off. At Shullsburg, Wisconsin, Galena, illinois, and 
elsewhere they are a very difficult .horizon to penetrate with the 

. drill. The caved material mixes with cuttings from lower hor­
izons making some records very 'hard to interpret." Again, 
speaking of-the base of the Saint Peter Thwaites remarks, "The 
shales at this horizon are virtually all noncalcareous and appear 
to be more or less oxidized residuum from the underlying dolo­
mites. The chert beds a:rid conglomerates represent assortment 
of residual deposits by 'vater." 

Thus 'it appears that in Iowa as well as in Minnesota, Wiscon­
sin, IllInois and Mjssouri the Saint Peter sandstone of normal 
type is underlain in places by beds largely made up of residual 
materials, the product of secular rock weathering and erosion of 
earlier formations' and resting on an erosion surface of consider­
able relief. At leas.t in part these materials may be regarded as 
continental deposits, such as valley fill, and color and oxidation, 
together with the apparent presence of pebbles of dolomite in the 
conglomei'ates, suggest accumulation under conditions of aridity. 
In deep well sections it is impossible to say to what extent such 
materials have been re'worked by a transgressing sea. 

To the writer it seems that these basal' beds deserve to be dis­
tinguished from the Saint Peter by a formational name, both on 
account of their lithologic difference and the time and manner of 
their deposit. At least such a distinction would sub~erve the in­
terests of well drille.rs 'and of geologists who deal with deep well 
sections, and it is hoped that an outcrop of the formation may be 
found which will supply a suitable name. 

In the present report two additional deep wen sections of these 
anomalous deposits are given, ' Preston and De Witt, both in 
northeastern Iowa and not far from the Maquoketa oil prospect. 
At Preston the Saint Peter sandstone of normal facies is under-

26 Thwaites, F . T., Paleozoic Rocks Found·in Deep Wells of Wisconsin and Northern Illinois: 
Journ. Geol., vol. XXXI, p. 529 et seq.; 1923 . 
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lain by basal deposits, 365 feet thick, . described by the dFiller as 
red sandstone, red shale, and clay and sand, which cut out entire­
ly the Prairie du Chien formation. 

At De Witt, the "Saint Peter sandstone' has an abnormal thick­
ness of 223 feet and is underlain by 295 feet of conglomerates, 
red sandstones, red and green shale which extend to some depth 
into the Trempealeau.. Detailed description ' will be found on 
pages 172 to 176. While . some doubt exists as to the thickness 
of these basal deposits, because of extensive caving, there is no . 
question that . at both localities, as at Maquoketa, .the drill was 
working in deep basal beds of the same nature as those of the 
outcrops in Wisconsin. 

CAMBRIAN SYSTEM 

The Cambrian rocks outcrop in but three counties of north­
eastern Iowa and their deeper strata are nowher~ exposed to 
view, so that necessarily the first accounts of th.is great body of 
~ock were incomplete. In. the report on the geology of Alla­
~akee county Calvin in his synoptic table recognizes only the 
Saint Croix stage of the .cambrian system, without any forma­
tIonal subdivisions. "The whole assemblage! of Cambrian strata, 
so far as Iowa is concerned, represent continuous deposition 
under practically unchanged conditions. "27 Yet he identifies the 
equivalents of the Jordan sandstone and the Saint Lawrence 
limestone as defined by Winchell in Minnesota. 

N orton in his first paper on the deep wells of Iowa28 finds the 
succession of a sandstone, termed by him the upper Saint Croix, 
and dolomites, shales and sandstone, termed the lower Saint . 
Croix. In his report on the Artesian Wells of Iowa,29 however, 
N orton subdivides the Cambrian of Iowa in descending order 
into the Jordan sandstone, the Saint Lawrence dolomite and 
shales, and the Basal sandstone, the latter term including the 
Dresbach sandstone of the Minnesota geologists "with the un­
named shale beneath it and the Hinckley sandrock and the un­
named red shales and red sandrock be~eath it" to the' summit of 
the Algonkian. 

27 Calvin, Geology of Allamakee County: Iowa Geol. Survey, vol. IV, p. 60, Des Moines', 1895. 
28 Norton, Thickness of the Paleozoic Strata of Northeastern Iowa: Iowa Geol. Survey, vol. 

III, pp. 16~-210. . . 
29 Norton, Iowa Geol. Survey, vol. VI" pp. 140·142, 1897. 



DIVISIONS OF CAMBRIAN BEDS 

In the reports on Winneshiek and Clayton counties Calvin,80 
and Leonard8l recognize the J OTdan sandstone, the only Cambrian 
formation outcropping in the counties, and Leonard in his ,deep 
well sections follows the 'classification used by Norton as t9 the 
deeper Cambrian strata. ' 

,In his report on the Underground Water Resources of Iowa 
Norton82 discards the term ': basal sandstone," recognizes the 
Dresbach as the first clean sandstone below the Saint Lawrence 
dolomites and shales, and leaves undifferentiated the Cambrian 
strata belo;w the Dresbach. It was noted, however; that these 
undifferentiated beds comprise two divisions in several we,ll sec­
'tions, as those at Dubuque, Manchester, Anamosa and Tipton, 
viz., upper marls or sandy and limy shales, and heavy underlying 
sandstones. ' 

This historic resume shows that Iowa geologists, not venturing 
to propose names for recognized formations without outcrop in 
their state, have adopted from 'time to time the nomenclature of 
geologists of adjacent states where these formations occur as 
country rock. 

It now seems well to follow this precedent and designate the 
upper dolomitic beds of the Saint Lawrence dolomite and shales 
'as the Trempealeau and the lower shales and shaly sandstones 
as the' Franconia. ' The clean sandstone below the Franconia beds 
is already known 'as the Dresbach. The beds below the presbach 
so 'far as they are characterized by shales and shaly or dolomitic 
sandstones are now known as the Eau Claire, while the cleaner 

, sandstone's beneath are now termed the Mownt Simon. In Min­
nesota the SamJ Croix series is undeflain by the Hinckley sand­
stone and the Red Clastics of Hall and Meinzer. Evidence that 
the latter formation is Middle 'Cambrian has recently been of­
fered by Stauffer,82> 

JORDAN SANDSTONE 

The Jordan sandstone remains one of the chief aquifers of the 
Iowa artesian field. Of the' wells listed in the present repor,t 

80 Calvin, &ology of Winneshiek County: Iowa. Geol. Survey, vol. XVI, p, 62, Des Moines, 
190~ ," 
19~.Leonard, Geology of C~ayton County: Iowa Geol. Survey, vol. XVI, p. 237, Des Moilles, 

82 Norton, Iowa Geol. Survey, vol. XXI, 1912. 
82" Staufi'er, C. R., Bull. Geol. Soc. of America, vol. 38, p. 469 seq., 1927. 

, . 
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those of Algona, Bettendorf, Charles City, Delmar, Dubuque, 
Garrison, Grinnell, Hampton, Oakdale, Preston, Shellsburg, 

. ~tuart, Van Horne and W aukon foun~ this formation water bear­
~g.-

Yet it must be said that the Jordan sandstone in places is so 
well cemented, so dolomitic, that its capacity as a water sand is 
slight or nil. At Waterloo it is highly dolomitic in its basal beds. 
Yet it was here in city well no. 1 that the main flow was found, 
perhaps in crevices. . Much the same conditions prevailed at 
Shellsburg. At Oelwein the Jordan was found dry :in the city 
well. In the -well of the Chicago Great Western Railroad' most 
of the water was found below the Saint Peter, but the exact 
horizon is unknown. At Washington, in city well no. 5, the J or­
dan is not reported as a water bed. At De Witt the Jordan sand­
stone is cut out by unconformity an¢!. apparently it yielded little 
at Nevada and Ogden. 

In western Iowa, at Holstein, this formation is dubiously repre­
sented by a sandstone not more than 20 feet thick and it is un­
recognized at Sioux City. 

TREMPEALEAU DOLOMITE 

The Trempealeau format jon is rarely water bearing. Yet 
where its dolomites are sufficiently pure and the circulation of 
underground water favors, it may contain solution channels, such 
as are much more commonly foUnd in the dolomites of the Prairie 
du Chien. .The Trempealeau is reported as a water bed at Du­
buque, at Washington ~Iid with Some doubt at Waterloo~ In 
eastern Iowa when sufficient water is not obtained above the 
-Trempealeau, drilling may well be carried through it to -the 
glauconitic shales and marls of the Franconia. - --

FRANCONIA BEDS 

The shaly beds of the Franconia are well demarked in the wells 
which reach their depth, but they are seldoni pierced through ex­
cept in· eastern Iowa, especialiy in the . Mississippi valley where 
the Dresbach and Mount Simon sandstones are the obj~ctives . 

The Franconia forms a valued marker, with its greensaIids 
rich in glauconite, with its "marls," ~hose large quartzose con-

., 

.. 
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stituents may be too fine to·pblatize with the 'usual brilliant colors 
of quartz-ambiguous beds which Winchell has well described as 
, 'greenish and shaly and yet not a shale, calcareous and not a 
limestone, magnesian but not a dolomite, finely siliceous but not 
a sandstone.' '38 

' The Franconia is thlis identified at Waukon, Marquette, Du­
buque' and Bettendorf, De WHt, Delmar, Nevada, Grinnell, Ogd~n 
and as far west as Algona, Holstein and Sioux City. .At Hol­
stein, ho'Wever, it is not demarked from similar beds of the· Eau 
Claire as the Dresbach sandstone is hereabseilt. In the deeper 
wells of the state listed in earlier reports the division of the Saint 
Lawrence between the Trempealeau dolomite and the Franconia 
shales is clearly made but for the most part, as in deep well sec­
tions at Anamosa, Clinton, Manchester, Mason City, Sumner, Tip-
ton and Waverly. At Boone, where the Jordan apparently is ab­
sent, it is diffic~t to draw the line between the Prairie du Chien, 
which begins at 1900 feet, and the Trempealeau, which probably 
ends at 2425 feet, where! the glaiIconitic beds of the Franconia' ap­
pear. These glauconitic beds continue to .2840 feet, where clean 
sandstones come in which may be assigned to the Dresbach. At 

. 2900 feet shales were struck, perhaps the EauClaire, which con­
tinue to the bottom of city well no. 2 at 2914 feet. But the red 
marls ·and shales reported by Beyer at the bottom or well no. 1 at 
3000 feet lend some color to the classification of the beds below 
2840 feet as Mount Simon. In that case the series of ghmconitic 
shales, marls and sandstones from 2425 feet to :2846 feet em­
braces both the Franconia and the EauClaire, the Dresbach be-
ing absent as at Holstein. . 
.. At Des Moines .the clean Oneota dolomites give place at 2418 
feet to the Jordan sandstone.. The lower lImit of ·this sandstone 
Is in some doubt but its thickness vrobably does not exceed 40 
feet. The glauconitic beds of the Franconia begin at 2565 feet 
and similar beds with marls continue to the bottom of the well at 
3000 feet. The deeper Cambrian sandstones either were not 
reachedo:r have feathered out. The thickness of these glauconitic 
beds and marls, 4;35 feet, favors the. supposItion that they . ~n.-

aa Winchell, N. R ., Geol. ahd Natural Rist. Survey of Minnesota; vol. ( p. 255, 1·884 . . 
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'clude both the Franconia and the EauClaire, and that the Dres· 
'bach is here absent. 

DRESBACH SANDSTONE 

The clean sandstones of the Dresbach make it a dependable 
water bed along the Mississippi at least as far south as Daven­
'port. At New Albin it is cut away by the old channel of Missis­
sippi'river. At Marquette it yields bountifully. At Decorah, in 
the oil prospect drill hole, the Dresbach is pretty clearly marked 
in ,the driller's log. At Dubuque, Clinton and Bettendorf it pro­
duces generously. It is water-bearing at Delmar and De, Witt. 
, West of the counties bordering Mississippi river it usually has 

not been necessary to drill as deep as the Dresbach ' sandstone. 
At Manchester it was found to be 152, feet thick, at Anamosa ~80 
feet, where it is recorded as the softest sandstone in the well, and 
,at 'Tipton 150 feet thick It was also gone through ~ at Cedar 
'Rapids in city well no. 1, but the records of the well do not dis­
criminate the formations below the Jordan. From none of these 
wells is the Dresbach reported as water-bearing. If any flow 
was secured from it, it ,was unnoticed either because of having 
the same static l~vel as flows from higher beds, or for other rea-' 
sons. 
, The Dresbach is 30 feet thick at Algona, but there is no evi­
dence of its presence at Holstein, and its place is uncertain at 
,Des Moines and Boone. At Nevada the water-bearing sandstone 
at the base of the' section may be the westward extension of the 
Dresbach. 

EA U CLAIRE BEDS 

The Eau -Claire resembles the Franconia in texture and consti­
tuents, although with less glauconIte, and may be expected to ,be 
,dry; Yet. ~revices or exceptionally clean sands within it may 
yield water, as at Bettendorf. 

MOUNT SIMON SANDSTONE 
, , 

,The Moupt Simon furnishes the supply of the New Albin wells 
and at several levels yields generously to the deeper wells at 
Dubuque: At·Clinton, where it was penetrated in city well no. 6, 
it furnishes a phenomenal supply. At Rock Island (Mitchell and 
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Lynde BWlding), the driller's log indicates, the Mount Sinion was 
penetrated some 97 feet beginning at 2185 feet from the surface. 
In his generalized section of Rock Isl-and and vicinity, U ddens4 

states that this sandstone is water-bearing. 
But of the Mount Simon as of the Dresbach it must be said 

that it is seldom advisable to drill to its depth except in the im­
mediate valley of the Mississippi or the counties bordering upon· 
it. 

~ED CLASTICS 

These beds and the Archeozoic-granites and schists on which 
. they rest have been penetrated by the drill at a few localities 
since the preparation of the.report of 1912 on the Underground 
Waters of Iowa. As was to be expected they were found dry. 

SALT POOLS IN THE C~lAN 

Local po.ols of saline water are found rarely in the Cambrian 
strata of Iowa. In the northeastern district 27 wells footing in 
the Cambrian, ·excluding two wells at McGregor; have, according 
to Hendrixson's report of 1912, an average chlorine content of 
only 17.4 p.p.m. But a local pool at McGregor tapped by city 
well no. 2, apparently in the Eau Cla:ir:e sandstone, gave its water 
968 p.p.In. of chlorine and at Prairie du Chien salt water was 
found at about the same reported depth. 

In the three deep wells at and in the vicinity of Lansing chlor­
ine rises to an average of 59.7 p.p.m. This an10unt, although in­
considerable from the ·point of potability, is markedly high when 
compared with the ave.rage of the Cambrian waters of the dis­
trict. 

In north-central and northwestern Iowa Cambrian chlorine re~ 
mains low: e.g. at Mason City 23, · at Charles City 0, at Algona· . 
9, at Holstein 12 p.p.m. · In this area the chlorine of the Manson 

I well, 206 p.p.m., is as exceptional as is its chemical analysis as a 
whole and Its geological section also. The Manson well, however; 
does not enter Cambrian rocks. 

In the east-central .district the stratigraphically deepest well,' 
that .at Tlpton,. drilled 1240. feet b~low the top of tl).e .Cambrian, 

I '. I, . 

84 Udden. J . A .• U. S. Geol. ·Survey. 17th Ann. Rapt., pt. 2, p. 842. 
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has bllt 2 p.p.m. of chlorine. Wells at Anamosa ~nd Vinton, 
footing deep in the Cambrian, carry but 1 anQ. 15 p.p.m. Grin,: 
nell, Homestead and Belle Plaine also are low in chlorine-34, 
33 and 7 p.p.m. . 

At Cedar Rapids salt and heavily mineralized water is found 
at ~ome point below 1450 feet, the base of the Jordan, but the 
J.~Hdan and upper waters have a chlorine content of only 014 to 
Mp~~ . 

In the Davenport area, however, lies a Cambrian pool of saline 
water of great ·importance, . which · will be described in detail 
lat.er. 
, In southeast Iowa the percentage of chlorine in the deeper well . 

. waters is higher than in the districts mentioned, but in no case 
does it reach any marked concentration. Here the Cambrian 
water is in many cases less saline than that from upp~r horizons. 
At Burlington the park well, 2430 feet deep, has 161 p.p.m. of 
chlorine while wells in the city about 500 feet deep contain about 
275 p.p.m. At 'Vashington the city well reaching the Saint Law­
'rence contains 71 p.p.m. of chlorine, while another reaching only 
the Saint Peter contains 123 p.p.mo. At Ottumwa the deepest 
well has a chlorine content of 119 while a mineral spring from the 
MississippiaI). has 533. The Keokuk wells, about 700 feet deep, 
are high in chlorine-632 to 674 p.p.m., but they draw their water 
from above the Saint Peter . 
. The deepest wells of central, south-central and southwestern 

Iowa, show a moderate but by no means an excessive salinity. 
The wells about 3000 feet dee!> at Boone and Des Moines carry 
128 and 124 p.p.m. The Mississippian and Pennsylvanian may 
yield water much saltier than the Cambrian. Three wells less 
than 800 feet deep, at Flagler, Knoxville and Pella, have a chlor­
me content of 925 to 1803 p.p.m. Deep wells in southwest Iowa 
penetrating the gypsum-bearing beds attributed to the Salina 
show an exceptional amount of salt-at Glenwood 282 and at 
Bedford 1420 p~p.m. At Bedford, however, a still saltier water 
with 2545 p.p.m. of chlorine was found at 1300 feet at the base of 
the Coal Measures. 

Salt Water in the Davenport Artesi.dnFi'eld.-It has iong been 
known from chemical analyses that the-artesian waters of Daven-~ 
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port, Moline, Rock Island and their satellite towns contain a 
comparatively high percentage of common salt, although by 'no 
means enough to make them unpalatable or injurious. Of. the 
six: Davenport wells whose analyses are given in volume XXI of 
the Iowa Geological Survey the average chlorine content is ~07 
p.p.m. and the range is from 272 to 396 p.p.m. Well no. 2 of the 
Bettendorf waterworks showed on completion in 1925 391 p.p.m. 
and the Davenport swimming pool well .on completion in 1922 
showed 363 p.p.m. Wells at Moline .and East Moline whose 
analyses are at hand show a range of 250 to 322 p.p.m. in chlor­
me. 

The formations in which these wells foot range from the Ga­
lena to the Eau Claire, and the high percentage of salt i.s con-

, fined to no single aquifer. In fact the highest percentage in the 
analyses made before 1926 is found in a well footing in the Saint 
Peter. 
. At Silvis, Illinois, however, a well 1987 feet deep penetra'ting 
the Dresbach or below gave , on completion in 1912 a somewhat 
;higher chlorine content, 550 p.p.m. This amount, as stated by 
the analyst of the illinois Department of Public Health, "might 
give the water a slightly salty taste but would not affect its sani­
tary quality"; 

In June, 1928, the Bettendorf Water Company informed this 
office that the water of well no. 2, drilled in 1925, had changed 
for the worse and was 'also injuring the water of their well riO. 1, 
with which it communicates through porous strata. It was the 
inference of the company's officials that the change had not been 
a gradual one, but "must have come in all at one time". An 
analysis showed that the chlorine content had risen from 391.7 
to 889.0 and the sodium chloride content from 553.82 to 1441.157 
p.p.m. The common salt had risen 2.6 times and the total solids 
had nearly doubled. It now became necessary to cut off the 
highly mineralized water. The well was filled to the depth of 
25 feet. A preliminary analysis indicated that the total mineral 
content was reduced from 2284 to about 1900 p.p.m. The well 
was then filled to 50 feet from the original bottom. The results 
are shown in the table below. The sodium chloride had now been 
reduced nearly one-half and the sulphate radicle more than one-
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' third. But this betterment in quality ,had been purchased at 
high cost in quantity. The pumping capacity with the centri­
fugal pump in use h~d been reduced from about. 400 to 150 g.p.m. 

Analyses of B ettendorf Waterworks Well No. t 
'. 

1925* 1928t 1928 JlFTER 

CONSTITUENT 

Silica ...................................................... 16.00 
Oxides of Fe and .AI ............................ 4.40 
Potassium .................. :............................ . ......... . 
Sodium ... _ .................................. _ ........... 321.80 
Calcium ................................. :1............... 50.80 
Magnesium ............................................ 45.20 
Chloride radicle .................................. 391.70 
Nitrate radicle ...................................... 00.00 ' 
Sulphate radicle ........... : ......... , .............. 194.50 
Carbonate 'radicle ..................... : ............ 192.50 
Bicarbonate radicle .............................. 90.00 

Total solids ............................................ 1245. 
Total hardness gr.p.gal. ...................... 16.85 

HYPOTHETICAL COMBINATIONS 
Magnesium carbonate .......................... 155.89 
Calcium carbonate ................................ 126.89 
Sodium carbonate ................................ 10.84 
Sodium sulphate .................................. 287.64 
Sodium chloride .................................... 553.82 
Potassium nitrate ............................... . 
Potassium chloride ............................... . 
Ferrous bicarbonate ..... , ..................... . 
Magnesium sulfate .................... , ....... .. 
Calcium sulfate ............................. .,...... .. ....... . 
Calcium bicarbonate ............................ .. ...... .. 
Silicon oxide .......................... : ............. .. 
Ferric oxide .......................................... .. 
Aluminum oxide .................................. .. 

Total solids ........................................... . 

FILLING 50 FEETt 
. PARTS PER MILLlpN 

0.60 (Fe ion) 
17.38 

617.92 
147.75 

17.12 
889.0 

0.6 
360.22 

0.0 
302.56 

158.471 
1441.157 

.989 
32.423 
1.910 

84.758 
262.172 
285.606 

6.500 

10.340 

2284.326 

5.8 
12.20 
23.58 

332.52 
82.04 
27.25 

480.0 
0.1 

213.18 
0.0 

, 309.88 

]11.951 
756.678 

.162 
44.859 

134.911 
41.940 

282.081 
5.8 

.43 
11.77 

1390.58 

It will be note~ tliat the filling of the well proved that the main 
flow came from below the Dresbach sandstone and considerably 
deeper than had been reported on the completion of the well. 

This rapid and ruinous change in the Bettendorf well was un­
precedented in the history of the wells at Davenport, some of 
which had been used for 40 years. Up to 'this time new wells, 
although drilled to maximum deptIt, had failed to disclose any 
saltier waters than earlier and shallower wells had tapped. But 
clearly there lies in or below the Eau Claire beds a water entire­
ly too salt to be potable. Heavy pumping at Bettendo~f at 

- * Made by Chemist of the Bettendorf Water Co. 
t Made in Chemical Laboratories of State University of I(}wa by R . K. Lewis. 
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length disturbed the ' equilibrium between the heavy salt water 
of this pool and the fresher and lighter waters of the overlying 
strata. As the fresh water was drawn off the salt water rose 
under artesian pressure, perhaps broke through, into the higher 
water beds with ruinous results. 

A, similar increase in saltness is on record in the case of num­
bers of deep wells near the ocean. After long and heavy pump­
ing the normal flow of fresh land water seaward is reversed and 
. gives place to invading brine. The frequent rise of s,alt water in 
depleted oil pools is well known. 

A slight 'increase in salinity is seen in the Davenport ,city 
sw~mming pool welL In 1922 the chlorine content was 363 p.p~m. 
according to an analysis by the Hygienic Laboratories at Iowa 
City. In 1926 this had risen to 423 p.p.m. according to the same 
analysts . 

. The city officials of Silvis, Dlinois, supply some data as to the 
city well under date of August 27', 1928. After mentioning the 
fact ·that "A few months ago the Continental Ice Company put a 
deep well pump into it and ' it -has been pumping steadily ever 
since", the mayor states: "It is the opinion of' some that the 
water has grown saltier since it is being pumped constantly, but 
we have had no analysis made to determine if this is true". 
Analyses by the State Water Supply Division were also inclosed 
which ' sh9W that the chlorine content changed from 550 p.p.m. 
in 1912 to 592 in 1918, 650 in 1923, and 620 in J anuary,1924, and 
·590 in February, 1924. The increase in total solids was more 
considerable. . , . 

At Canton, Illinois, deep well water 'shows an increase in 
chlorine 'from 245 'p.p.m. in 1898.to 885 in 1924 according to the 
-analyses of the Illinois State Water Supply Division' in their 
'Bulletin no. 21. The source 'of this more saline water, however, 
is not necessarily from below. Coal mine wells in the vicinity 
give chlorine contents as high as 1010 p.p.m. 

It is clearly shown by the experience at Bettendorf that here­
~fter in the Davenport field wells should not he sunk below the 
Dresbach sandstone.' If the invasion of saline water should con-. , ' 

tinue or spread, wells may be limited to the J.prdan and higher 
aquifers. Furthermore, the equilibrium between th$l salt and 
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fresh water in the :field should not be endangered unnecessarily 
by the continued leakage of Unused wells. 

It is an interesting question how fat the salt pool at Davenport 
extends into Iowa. ' It cannot'reach De Witt to the north, whose 
deep well shows but 39 p.p.m. of chlorine, or to Tipton to the 
northwest; where the chlorine content is only 2 ' of a well which 
was sunk far below the strata of the fO'oting bf the deepest wells 
at Davenport. To the south the chlorine curve falls to 161 p.p.m. 
at Burlington and to the west to 200 at Wilton and to 102 at West-

,Liberty. (See also Nahant, page 267.) , 
, By consulting the analyses of pilblic supplies in Illinois'"' it is 

seen that the Davenport salt pool lies at the northwestern corner 
of a large area in Illinois in which artesian waters show consid­
erable salinity. North of the latitude of Davenport, in White­
side and Lee counties the chlorine content is as low as in north­
eastern Iowa, e.g. 7 p.p.m. at Morrison, 22 'at Amboy, :3 at Sub-

' lette. But to the south of this favored area, as the Saint Peter 
sandstone dips to 500 and 1000 feet below sea ~evel in Henry', 
Bureau and LaSalle counties, and the Pennsylvanian forms the 
country rock, the chlorme curve rises sharply, e.g. to 470 p.p.m. 
at Atkinson, 412 at 'Buda, and 322 at Oglesby, all drawing on 
Saint Peter water. These contents, it will be noted, are approx­
imately the same as that of the Davenport wells with the same 
footings. The deep well at Aledo, ,Mercer county, footing 1205 
feet below the top of the CambrIan, reached a salt pool and was 
plugged at 1450 feet,' but the water still carries 439.7 p.p.m. Of 
chlorine. ' In Henderson, Warren and Knox counties, where the 
Saint Peter apparently does not sink below 500 feet below sea 
level, its water ranges in chlo'rine from 155 p.p.m. at Abip.gdon 
to 259 at Stronghurst. But , as the Saint Peter dips toward 
TIlinois 'river the chlorine curve rises again to an exceptional 
maximum of 825 p.p.m. at Ipava. 

Deep Wells As Oil Prospects 
, ' 

For the mo~t par~ the deep. wells of. Iowa have gone through 
' the formations in which there was any probability of finding oil, 
and have there~ore served as prospect holes' for oil and natural. . 

• Buswell, A, M" Illinois State Water Survey, Bull. no. 21. 
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gas, as well as for other valuable minerals; The importance of 
this secondarY"service is suggested' by an editorial some yeats 
since in a leading daily newspaper advising the legislature ,to 
sink drill holes 5000 feet deep in all parts of Iowa to discover the 
rich stores of oil; copper and other minerals which without doubt 
lay hidden beneath the 'prairies. Compared with such a project 
the sinking of the hundreds of deep'wells of' Iowa has been sim­
ple and inexpensive. As a rule they have gone deep enough­
although the deepest of them hardly exceed 3000 feet-to find 
any mineral wealth there possibly can be, and they have been 
amply paid for by the water they' deliver. Still more simple and 
inexpensive is the maintenance of the Geological Survey, 'which 
collects and collates the facts regarding these wells, including 
those which bear upon the presence or 'absence of valuable min-
erals in the rocks of the state. . 

As to copper and iron and ,the precious metals, the futility of 
prospecting for them in Iowa is shown by an elementary knowl­
edge of the geology of the state. As tq coal, the areas where it 
may 'be found have long since been mapped. But in the case of 
oil the conditions of its accumulation are such'that each deep well 
sunk has had some value as a pro.spect hole for that locality. Oil 
and natural gas are found throughout the wQrld in a number of 
geological formations from the Pleistocene back to the Cambrian, 
and several of these formations, elsewhere oil-bearing, occur 
within the limits of the state. ' Nor as a rule will th,e geologist 
affirm in advance of the drill that in any given locality all the 
other necessary conditions for the accumulation of oil and gas 
are wanting. These conditions may be briefly stated as (1)' an 
oil producing rock as source, usually a shale, (2) a porous rock 
as reservoir, usually a dolomite or sandstone, (3) ' an upfold, 
dome, or lens which, with (4) an impervious cover commonly a 
bed of shale, forms a trap within which the hydrocarbons accum­
ulate under 'the pressure of artesian waters. 

As each deep well is drilled in1 Iowa it is carefully examined for 
the presence or absence of these conditions. Laboratory study 
'of deep well cuttings shows that several formati6ns include in ' 
various places thin 'beds charged ' silfficiently with hydrocarbons 
to be inflammable. While these shales prov:e that locally the 
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' processes of 'petroleum making and leaching have been arrested, 
they yet suggest the possibility that elsewhere the same beds may 
have given rise to oil and gas which may have been l~ached out 
into containers in the overlying rocks. 

In the wells described in the present report the Kinderhook 
shale at Donnellson shows traces of hydrocarbons; the Maquo­
keta shale carries near its ' base an inflammable shale at Betten­
do~f, Fort Dodge and Winfield; and the Glenwood shale includes 

· inflammable layers at 'Oakdale, where a similar shale occurs 
higher up 'in the Platteville formation. Such instances suggest 
that possibly at other localities in Iowa the Kinderhook, Ma- . 
quoketa or Glenwood shales may prove to be rich sources whose 

.' oil has leached into oil pools in overlying 'reservoir rocks. 
Several formations, as the Niagaran and! Galena dolomites, are 

sufficiently porous to form adequate reservoirs for oil and gas. 
The discovery in a few well sections in southeastern Iowa of 
arenaceous beds at the base of the Niagaran, which represent the 
Roing sands of the Colmar oil field of western Illinois, suggests 

· a possibility that somewhere in the state these sands may yet be 
' found of 'sufficient thickness for oil accumulation, and that all 
other 'conditions may concur . . This possibility, however, is so 

· faint, and the distribution of the Roing sands even in the Colmar 
field is so discontinuous, that no encouragement is giv~n to any 

. ' prospecting of them by the drill. 
, . Deep w,ell drilling has also shown the wide extent of shales 
thick and impervious enough to form the necessary covers for 
oil reservoirs. Such are the Kinderhook, the Maquoketa and in 
some areas the Glenwood, and the shales of the Des Moines and 
Missouri group of the Pennsylvanian system. 

In general, the lie of the strata of the state is proved by its 
deep well sections to be too uniform to favor thel structures neces­
sary for oil accuniulation. Ye.t occasionally, as at Oakdale, 
Ames, and perhaps at Fairfield, the drill has found marked up­
warps of the deeper beds. 

The outstanding fact remains that of the hundreds of · wells 
drilled in Iowa scarcely one has shown even a trace of oil. They 
may have shown some of the necessary cbnditions for oil ac­
cumulation, bu:t never oil. This is in marked contrast with some 
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oil prospect holes, .which are said to have yielded a , barrel or 
so of oil before they: were abandoned. MOst of these prospects 
have kept their geologic facts 1ll1der impervious cover. ,In sum­
mation, deep well drilling in Iowa offers littl~, encourage­
ment for oil prospecting, although it points out various favor­
able conditions. 'The field in Iowa regarded by Howells5 as the 
one area which merits in any degree a test for oil, viz., the ex­
treme southwestern part, is the area least prospected by deep 
wells. 

The relations of an artesian circulation to the accumulation of 
oil and gas are not enti~ely clear. But of two areas-one with a 
permanently ' vigorous circulation of sweet artesian water for 
urban supply, the other with rich oil pO,ols, to be replaced after a 
brief period by salt water-the former certainly is in the long 
run preferable for human habitation. 

Deep Wells ,and Other Municipal Supplies , 

Deep wells form but one of several types of municipal water 
supplies in use in Iowa. The supplies of the state are drawn 
from , static waters-lakes arid the artincial lakes known as im­
pounding reservoirs; , from the flowing waters of rivers and 
,smaller streams; from ground water rising in springs or tapped 
by various types of wells at different depths and reaching va­
rious water beds. 

But few lakes large and deep enough for town supply are 
found in Iowa. The state is largely covered by the older drift 
sheets, and over these areas the topography is so mature that the 
indices of infancy such as lakes have been outgrown, effaced. In 
contrast the neighboring states of Minnesota and Wisconsin, sur­
faced very largely with the younger drift, still linger in the lake 
stage ~nd are able to supply their lar.gest cities and many of the 
smaller towns with lake water. 

Only seven Iowa municipalities draw their water supply from 
lakes, and the population thus' served is less than 10,000., 

Impounding reservoirs, collecting the run-off from Hmited 
areas; supply sixteen towns, with a total population of 55,470. 
But two of these towns have populations above 10,000. Three 

35 Howell, J , V" P etroleum and Natural Gas in Iowa, Iowa Geol. Survey, vol. XXIX, p, 36. 
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other towns have populations between 10,000 and 3,000, while no 
town thus served has a population less than 1200. The larger 
cities seem to be excluded by the. amount of water thus obtainable 
under Iowa conditions and the smaller towns and villages by the 
cost. of installation and operation. 

Ten Iowa municipalities, population, 176,220, draw directly on 
rivers. Among these" municipalities are Burlington, Council 
Bluffs, Davenport, Keokuk and Ottumwa, whose aggregate popu­
lation is 167,381. River supply is thus favored by the larger 
rather than by the smaller cities and towns. 

One hundred and sixty~one municipalities, ranging in size from 
the largest city in the state to some of the smallest' villages; use 
the ground water of the alluvial sands of present rivers or of 
ancient glacial streams-ground water to which in some cases 
river water contributes by seepage. ·Water is obtained by shal­
low dug wells of large diameter, infiltration galleries, and driven 
and drilled wells, 'common.ly less than 100 feet in depth. Thus 
are supplied Boone, Des Moines, Iowa City, Marshalltown and 
Muscatine (aggregate population, .181,985), a group of 14 cities 
between 3,000 and 10,000 population (aggregate population 64,-
478),42 towns between 1,000 and 3,000 population, and about 100 
towns and villages of less than 1,090 population. 

Common wells in drift or country rock ser:ve a larger number 
of Iowa communities than any other supply, This is the favorite 
supply of villages and smaller towns and is used also by nine 
towns with populations ranging from 3,000 to 10,000 (total popu~ 
lation,. 45,000) and by 25 towns from 1,000 to 3,000. One hundred 
and forty-eight communities using this supply have a population 
of less than 1,000. . 

Deep wells, setting the minimum depth of this class rather 
arbitrarily at 300 feet, supply 125 municipalities. This group in­
clude"s six of the larger citie's, Sioux City, Dubuque, Cedar Rapids 
(in part), Water10o, Clinton, Mason City and Fort Dodge, with 
populations ranging from 20,000 to 71,000 in round numbers, total 
population 255,45~. This group also includes 13' towns from 
3,000 to 10,000 population, and 47 towns between 1,000 and 3,000 
population. While this supply is among those favored by large 
cities and towns, the villages are precluded from it by its cost. 
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The statistics just given do not indicate' any universal prefer:. 
ence for any single type of water supply. No. type can unquali­
fiedly be said to be "the best," the most desirable. Even the 
large cities of Iowa divide their choices between deep wells, shal­
low wells and rivers. Each type has its disadvantages and its ad­
vantages, and ratios and preponderances vary with the locality; 
Thus deep wells have be-en abandoned for shallow wells and shal­
low wells for deep wells. River supplies have been superseded 
by both deep and ' 'shallow wells and vice versa. Wells of both 
types have -been replaced by impounding reservoirs, and a town 
with an impounding reservoir is now attempting to replace it 
with a deep well. The problem of water supply is essentially a 
local one for each community to 'Solve as best it can. There are 
no general formulre, applicable to the entire state, which will 
solve it. 

It remains to sketch briefly some of the various superiorities 
and defects of different supplies under Iowa conditions as shown 
by the experience of Iowa towns. 

Lake supply.-The general advantages of lake ,supply are the 
clarity of the water, since the lake acts as a settling basin and be­
sides is often fed by springs, the bacterial purity of the water of 
feeding springs, the constancy and adequacy of the supply, and 
the low cost of delivery. In many shallow lakes of Iowa with 
mud bottoms several of these advantages are absent, and th~ 
bacterial purity of feeding springs does not insure against con­
tamination by feeding streams and run-off and the sewerage , of 
hotels and settlements along the shore. Two of the six Iowa 
towns using'lake water have found it advisable to pass 'it through 
filters. 

Impounding reservoirs.-The' Iowa towns making use of this 
supply are all situated in south-central and southwestern Iowa 
on areas of maturely dissected Kansan drift underlain by the 
Coal Measures. The problem of water supply is thus difficult. 
Wells in drift tapping the Aftonian interglacial sands and any 
pre-Nebraskan sands on 'rock 'are commonly inadequate for the 
larger towns. The' country' rock is usually dry. The Cambro­
Ordovician 'aquifers lie too deep Lor profitable drilling'. The qual-
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ityof deep well water also is poor on account .of heavy niineraliza­
tion. River towns. are left a choice hetween taking water direct- ' 

' ly from the stream or "from shallow wells sunk in flood plain 
sands. . Fortunately the' valleys of the mature streams of this 
region are commonly floored with wide flood plains, where cut in 
drift. Upland towns, however, situated on the high divides of 
the Kansan drift plain may be quite too far from streams for this 
resource. The impounding reservoir may be the last resort . 
. In various regiorrs of rugged topography with droughtless sum­

mers'the 'use of'storage waters is very common. Iowa, however, 
has the inherent disadvantages of a prairie state, of deep fertile 
soil, and lying near the semiarid west. Long summer droughts, 
perh~ps during a succession of dU years, occasionally occur. 
The relief of the land is low. Sites for deep reservoirs are few. 
Secure rock foundations for dams may be difficult to find. The 
gentle slopes Of the hillsides are covered deep With easily washed 
soils. The land of the watershed is costly, ' for as a rule it is 
arable and its price is enhanced by nearness to the town. It is 
~lear that in Iowa impoun~i:rigreservoirs .will have far less vogue 
than in a region like New England, for example. So far, they 
are confined, as we have said, to a single drift sheet and a single 
rock terrane. The driftless area in Iowa offers excellent sites for 
reservoirs, but here the artesian aquifers lie near the surface .. 
The areas of the younger drift sheets are little dissected and 
offer accessible ' stream and ~ell supplies. Where the Kansan 
drift overlies other rocks than those of the Coal Measures, the 
supply from wells in the country rock is ' open. Outside the area 
of outcrop of the Coal Measures with a co.ver of Kansan drift, rio 
impounding reservoir has yet been built in Iowa. , , 

In comparison with . wells, storage waters have the disad­
vantage of all· surface waters in that they have not undergone the 
natural filtration to wl1ich all ground water has been subjected. 
They are more turbid; more liable to bacterial infection and 'or­
ganic growths. On the other hand storage waters are soft and' . 
adapted to industrial purposes' and locomotive supply. 

Compared with underground waters, the impounding reservoir 
has ' the further disadvantage of rapid ev:aporation over a large 
surface 'with ·maximlim.' depletion on this account at the time of 
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~inimum r~plenishing by rain and maximum municipal consump­
tion. In the upper Mississippi valley loss by evaporation has 
been estimated at somewhat more ·than four feet per aimum. ill 
Iowa, reservoirs are neces~arily comparatively ~hallow and the 
required supply is sometilp.es obtained only by two reservoirs. '. 
Compared with deep reservoirs, especially those of more humid 
climates, the large ratio of surface. to cubic contents gives rise to 
an excessive percentage of· evaporation loss. 

In comparison with a river supply the impounding reservoir' 
has the advantage that the drainage area is small, and can there­
fore be kept under strict sanitary supervision and .control, and 
for the same reason the disadvantage that replenishment fluctu­
ates ,with the local rainfall. . The ineVitable silting up of . the 
reservoir is an.other disadvantage. 

The impounding reservoir in Iowa is constructed like the 
"tanks" of the arid west by building a dam across a valley to 
collect and store the water of the run-off. Fortunately the flat · . 
divides of the Kansan upland in southern Iowa are narrow, and 
towns located upon them can usually find suitable valleys at 
negotiable distances along the dissected margins of the upland, 
10ca11y t~rmed "the breaks." The greatest reported distances 
of reservoirs from the towns do not exceed two and three miles. 
But · as the reservoirs are commonly at a lower' level than the , 
towns, in' two instances as much as 85 and 150 feet (mea~ured 
from the reservoir floor), the operating expense is increased con-· 
siderably by' the lift. . 

The irripounded lake is commonly fed only by the run-off of 
the watershed but at What Cheer a small stream and at Tabor 
springs contribute also. T·he low relief of the areas is seen by the 
fact .that the hills immediately about the reservoirs stand only 
from 40 to 100 feet above the reservoir bottoms. 

In every instance in Iowa the dams are constructed of earth. 
In some cases (e.g. Co'ryd6n, Lenox, Tabor) they are built with ~ 
core of cement, or (Osceola) . of "rock," in order to prevent in­
filtration and the burrowing of animals. They are sometimes 
faced with concrete or riprap. 

Iowa'dams ar'e built low, because of the relief of the land and 
the small storages required. The maximum height is at Center-
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ville, 60 feet, the minimum at What Cheer, 6 feet, .but these 
heights for the most part fall between 25 and 40 feet: At Fair­
field and Lenox two reservoirs with comparatively .low dams 
furnish the storage that in a · single reservoir would require a 
higher dam. 

The capacity of reservoirs in Iowa .varies from 5 million gal-
.lons at Mount Ayr (population 1750) and 3 million gallons at 
"What Cheer (population 1626) where there appears to be a rapid 
and fair:ly constant replenishment, to maxima of 110 million gal­
lons at Centerville (population 10,000), '135 million gallons at 
Albia (population 6,000), and 180 million gallons at Fairfield 
(population 5948). 

The amount in storage in dry seasons of course may be much 
less than the total capacity of the reservoir. Thus, at Lenox the 
maximum depth of water, 28 feet, may be drawn down in drought 
to 10 feet, and at Osceola from 40 to 15 feet. Albia is reported 
to experience serious shortage in drought and to maintain an 
emergency supply in a small creek. In 1923 it was reported by 
the Iowa Insurance Service Bureau that at Centerville the total 
storage water available fell to 30 million gallons. "The emer­
gency was met by reducing the consumption to 225,000 gallons a 
day, and to meet the consumption pumps were installed at a rail­
way reservoir, at a rune and in a well, so that the water in stor­
age should not be depleted. If the situation does not improve, 
water will be hauled in tank cars." 

No other shortages, however, have been reported by Iowa 
towns. 

The 'watersheds of Iowa reservoirs are all small, ranging from 
40 acres to one or two square miles. ' They are owned by the 
municipality. With one or two exceptions, the land is kept uI1der 

. grass or forest. In these exceptional cases, portions are under 
plow or in pasture, conditions , which make for turbidity i:n. the 
stored waters, contamination, and rapid silting up of the reser­
voir. 

In the best practice in the state separate settling basins are in­
stalled with rapid mechanical filters, and chemical treatment of 
the water. Aeration plants are also under consideration. The 
need of settling basins is jUustrated by the case of a reservoir 
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holding but 5 million gallons, whose water is so turbid that pipes 
are continually clogged. In some cases the water is reported to 
have a disagreeable taste or odor in summer, but the number is 
few considering the organic growths common in ,shallow w,aters 
along the margins of reservoirs. In nearly all cases the supply 
is said to be satisfactory. The -one exception is a town now using 
raw water, .but this is to be remedied by filtration. Lamoni, which 
has used storage, has recently (1927) drilled a deep well, 

It is expected that the number of impounding reservoirs will 
continue to increase and that the supply, when treated as are 
flowing waters, will prove satisfactory. It is hoped that g.ener­
ally larger reservoirs may be provided, securing storage amply ' 
adequate to long and recurring droughts, with the added ad­
vantages of deeper water in promoting clarification, bleaching, 
and the destruction of pathogenic germs, and in limiting the 
growth of shallow water organisms. 

River supplies.-:-In contrast with the run-off impounded in 
reservoirs, rivers offer a supply constant and unfailing, owing to 
their far larger watersheds and their replenishment by springs 
during times of drought. Because they are always fed by ground 
water in part, the water of rivers is harder' than that of the im­
pounded run-off, but less heavily charged with calcium, mag­
nesium and iron salts than is the water of most wells. As a rule 
river water is better than well water for manufacturing purposes, 
boilers, and for domestic use in cooking and the laundry. 

In the matter of sedimentation, the river has no advantage 
over the reservoir when a dam is necessary to provide depth of 
water for the intake. Otherwise, as in the case 'of the Mississippi 
and Missouri river towns whose intake pipes are laid in open 
channel, the advantage is with the ri~er, which continually sweeps 
its silt down stream. 

No machinery is buried deep in ground inaccesible to inspec­
tion and difficult to repair: The cost of delivery to the distribu­
tion system is low, except in certain instances ' where upland 
tQwns have resorted to rivers flowing some distance away and 
. considerably b elow their level. . 

It may be claimed for river supplies that they are dependable, . - . 
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permanent, equal to any present emergency or future require­
ment. 

On the other hand, river water has the defect of its quality. 
The run-off from plowed fields, pastures and forested hillsides, 
the tributary streams which bring it their loads of silt; render it 
turbid with the inorganic waste of the land. By the same means 
it is contaminated with organic refuse. Moreover, lowly organ­
isms which grow in the water may give it an unpleasant taste and 
odor. 

There is now added in the case of Iowa rivers defilement by 
the sewage and industrial offal of the towns upon their banks. In 
testing these waters there is now often found the bacteria-coli 
group of micro-organism indicating fecal pollution. Iowa river 
water, has become a dilute sewage effluent. 

This does not signify that river water may not be so treated as 
to be safe. , It is said that the sewage effluent of Paris, after 
treatment, issues potable and healthful, as clear, sparkling, and 
delicious as the water of springs. It may b~ ' added, however, 
that it is not used as a public supply. ' 

The water of Iowa rivers is usually allowed to settle in settling , 
basins; then treated with coagulants and chemical bactericides 
and forced through rapid mechanical filters. Bacteriological 
,tests are made to insure efficiency. Such treated water,s show at 
the state laboratories a very high per cent of safety (p. 69). 

No slow sand filters have been built within the state and yet there 
have been tYPhoid epidemics in Iowa cities to warn agajnst the 
possible consequences of carelessness at the gate at which the 
enemy is seeking entrance. As has been said by Simpson in his 

, report on the water supply of Cedar Rapids, "The chief diffi­
culty in connection with the use of river water arises from the 
fact that' the organic matter in the water may unite with the 
chlorine used for purifying the water ,.. ,.. ,.. and form certain 
organic compounds which impart very unpleasant tas,tes and 
odors to the water. ,.. ,.. ,.. There is no known way to avoid these 
tastes and odors in surface water supplies." > 

Raw river water is used in Iowa only by some small towns on 
the Lower Des Moines riv~r, which do not employ it for domestic 
supply, and by Council Bluffs, drawing on the Missouri river, .the 
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least dangerous, perhaps, of all rivers within or bordering upon 
the state. 

There is no question that the use of rivers as water supply has 
been retarded and restricted by the function imposed upon them 
of carrying the sewage of the riparian cities and towns. At the 
present time one of the cities of the state which has long used 
river water is turning for this reason to a ground water supply. 
When the pollution of Iowa streams is no' longer lawful, much 
larger populations no doubt will m:ake use of river supply, the 
mo'st copious, accessible and permanent of alL 

, Springs.-Little need he said of this ,supply, so :few 'are the 
towns in Iowa which can avai.l themselves of it. Strong springs 
occur in considerable numbers, as for example the contact springs 
of northeastern Iowa at the junction of the Niagaran limestone 
and the Maquoketa shales and that of Galena limestone and the 
Decorah shales. Such springs may issue well up the hillside and 
afford considerable head when piped to the valley floor, but they 
are seldom near enough to towns' for use as publiC' supplies. . 

The purity of spring water commonly goes without question, 
yet the purest water is liable to contamination as it approaches 
the surface and issues from the ground. Some years ago Cedar 
Falls drew its supply from copious springs rising from Devonian 
liIDestone in the valley 'of Dry Run. In 1911 an epidemic of 
typhoid fever was attributed , to the city supply and it was sup­
posed that the springs had become infected through solution 
channe s in the closely jointed limestone or by back water from 
the river. This supply was then superseded b~ 5 wells about 
125 feet deep, sunk in the country rock, 1400 feet' distant from the 
springs. 

'It will be noted that according to the table of page 69 springs 
furnish to the state 'water laboratory the largest per cent of un­
satisfactory waters of all classes of public and private supplies. 

Infiltration galle1"ies and.shallow wells.-Extensive deposits of, 
sand and gravel at or near the s.urface, as on river flood plains, 
furnish natural storage basins of great capacity, rapid recharge 
and easy acce~s. They' act as natural filtration plants for ground 
water derived from the soak-in of th~ rain and for any percolat-
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ing water from ·the stream. ,V ens sunk at the river bank, as at 
Bellevue and Guttenberg on the Mississippi, or on islands in the 
river, as the wells of the Boone plant On the Des Moines, and in­
filtration galleries,:as thbse of the city of Des Moines on the flood 
plain of the Raccoon, may draw largely or even at times wholly on 
the river, but in contrast with the water of a river intake, the 

, water of such wells and galleries has been more or less clarified 
by its passage through even a few feet of sand. ' 

The normal movement of water in flood plain deposits is to­
ward the stream. But at stages of high water and under heavy 
pumping the movement may be r..eversed, as the tests made by 
Kiersted at Muscatine illustrate.36 For 3300, feet from the. river 
there was found a slope of the ground water surfa,ce toward the 
river of 0.8 foot in 1000 feet and a rate of flow in this direction of 
at least two and one-half feet a day. But with the rise of the 
Mississippi the normal flow of ground water was first dammed 
and then reversed, reaching a slope inland of 0.84 foot in +000 
feet, and a flow from the river at about the rate just mentioned. 

Water -percolating from the stream brings in fine sediment, 
clogging the porous transmitting beds and diminishing the yield 
of wells and galleries. Excelient examples of the process are 
supplied by dams of impounding reservoirs, built of sand and fine 
gravel. "The initial leakage was high, but the embankment ' 
eventually became silted tight.' 137 The same process goes on 
with ground water flowing toward the stream, but far more slow-

.) ly; inasmuch as ground water carries very little sediment. Even 
deep artesian waters may in the same way clog their aquifers 
about the weU tube, CaUSIng: a diminishing yield. 

The only example of infiltration galleries in Iowa is at Des 
Moines. The g-alleries are located on a tract of 1200 acres on the 
flood plain of Raccoon river. They are 11,821 feet In length and 
are sunk to a depth of 20-25 feet in uniform and coarse deposits. 
The newer galleries are constructed of rings of concrete. In ad­
~tion the system includes 2375 feet of tunnel which will be in- . 
creased soon by 2000 feet. 'The _average daily punipage in 1927 

' was 12,781,345 gallons, -with some days' pumpage 'reaching 19 or 

36 Norton, Underground Water Resources of I()wa: Iowa. G<loL Survey, vol. XXI, pp, 563·566. 
37 Flinn, Weston and Bogert, Waterworks Handbook, p, 193. New York, 1927. 
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20 millions. ' Flooding 'has been ,resorted to in times of drought. 
The pumps have a capacity of '85,000,000 gallons 'daily. 

The principie of the collecting 'gali-ery is employed by several 
Iowa wa:ter works by leading' into the city shallow welI- one 'or 
more pipe lines with open j6mts c9tl'structed of vittined 'clay or 
cement tile. ' , 

The capacity of the natural sap.d 'reservoirs tapped by galler­
res and shallow wells depends on the extent, thickness, and poros­
ity of the beds. The chief ' factor in their adequacy for a city 
supply is the ratio 'of ' replenishment to draft. Any reservoir 
natural or artificial, no matter, how large, 'must' iIi time ' go dry if 
the draft upon it exceeds by ever so'iittle th~ amouI1t by which it 
is recharged. Patches of flood plain ' under corisideration by 
cities for water supply have 'been' examined' by the ' writer ~hich 
no doubt would yield generously for a ' time, so long ' as storage 
exceeded draft. But tliey were not favored as the site of wells; , 
for they were found to be cut off from replenishment from up 
valley by spurs of rock and their 'hinterlands apparently would 
be able to supply too little ground water on'its way to the river. 

For sanitary reasons, thollgh not for yield, flood plains stand­
ing at some heiglit above the river are prefer'able for well fields 
to lower bottom lands. There is less danger from overflow a:rid 
consequent pollution. Above the water table there is a thicker, 
zone, which is alternately dry, filled with 'air, arid wet with vadose 
water. This zone of aeration and oxidation acts as a natural 
filter in which nitrites and ammonia are decomposed and 'patho­
genic acteria destroyed. ' ' ' 

. While this natural filter may be able to take cate ,Of the ordin­
ary surface contaminations ' of pastures and forest lands and' 
even for those 'of fertilized 'cultivated fields, it is not to be con­
sidered competent to disinfect 'the waste of 'a th'icklysettied area' 
with perhaps leaky sewers. Cities'built on' floodplains may find 
cheap supplies within their residential districts, but ground water 
in need of chemical treatment has little to commend it over river 
water. 

Not all 'flood plains are available for ground wat~r 'supply for 
towns. Some, are carved by the lateral cutting" or the stream 'and 
consist of a bench of rock veneered with a thin layet of a~luvial 

• 
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soil, as that of the Mississippi at Davenport and of the Cedar at ' 
Waterloo. Some are cut partly in rock and partly in dry glacial 
stony clays, as that west of the Cedar at Cedar Rapids, which 
happens to be traversed by a sand filled ancient channel. The 
most suitable flood plains are those built up by the torrential 
waters of Pieistocene rivers. Here deep beds of coarse sand and 
gravel are often overlain and sealed with finer deposits. Flow­
ing wells may sometimes be obtained, as on the lower course 
of Prairie creek in Linn county, the Wapsipinicon valley in 
Bremer county, and the artesian basin of Belle Plaine. 

Pleistocene sands outside prese!lt or ancient" ·river valleys 
should be carefully tested for extent, thickness and replenish­
ment. Unless ·adequate in these respects their first yield may be 
fallacious, and as at Boone they may have to be abandoned. 
The history of Iowa waterworks shows that it is fairly com­
mon for the shallow wells of the first installation to be found in­
adequate. New wells are put down, perhaps in a new well field 
served by a second pumping. station. Or the town goes over to a 
deep well, river, or impounding reservoir. 

But seldom do the towns which make use of the flood plain 
waters of the river valleys need any additional supply except­
that readily obtained by sinking other wells in the same water 
bed. 
. Several types of shallow wells are in use in Iowa. There 
are dug wells with diameters sometimes more than 20 feet, with 
sides of brick or concrete, drawing their water from the bottom. · 
A gang of driven wells, with sand points, set at right angles to 
the line of ground water .flow may discharge into a common suc­
tion pipe. . 

, From the sanitary view-point shallow wells are looked on more · 
favorably than rivers, but are held inferior to wells in drift and 
country rock and to artesian wells. 

. As Hinman lias -pertinently said, sa "The shallow wells share 
the dangers of the deep well and have additional dl;mgers of their 
own as a consequence of their being dependent upon shallower 
sources for their water. They are more dependent upon local · 
weather conditions for their supply. Unu.sually wet or unusually 

sa Hinman·, J. J ., Twenty·first Biennial Rept. Iowa State Board of Health, p . 79, Des Moines, 
1925. . 

• 
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dry weather may bring a change from the normal quality. MO'st 
of the trouble of the shallow well comes from the conditions of 
the top and the upper part of the casing, which are often con­
structed in such a way that the surface water is not excluded .. ' 
The uplJer ten OT twelve feet of the curbing and the top of the 
well at least, ought to be water-tight. Surface drainage is likely 
at any time to carry with it material of a sewage-like nature and­
sewage, especially town sewage, is very likely to contain the bac­
teria which are the cause of typhoid fever and other intestinal 
disorders. ' , 

From the viewpoint of production and cost of installation and 
operation, shallow wells are often the best investment. If an­
other supply is chosen, it should only be after they have been 
given full consideration and ample tests, as at Dubuque, p . 79. 

Wells in glacial drift and counbry rock.-This supply, as we 
have seen, is peculiarly adapted to small upland villages and 
towns. Wells in drift commonly have but a small yield. Wells 
in country rock may yield enough for towns of one or two thou-. 
sand population and in exceptional cases for much larger towns. 
The a!eas of outcrop of the Galena, Niagaran, Devonian and Mis­
sissippian limestones offer many examples, and where at a mod­
erate depth the limestone is underlain by. an impervious floor of 
shale the prospect for a successful well is very promising. Yet 
two towns, De Witt and Delmar, under the most favorable condi-

, tions for wells in country rock, have recently superseded them 
with deep artesians. 

The geologic sequence which results in some of the favorable 
conditions for wells in the country rock is clearly stated by 
Meinzer :39 "Obviously an ideal sequence ' of events has oc-

. curred where a limestone was exposed to leaching until it became 
cavernous and was . then subjected to changes which ' raised the 
water table and immersed the cavernous part in the zone of sat­
uration. This .sequence of events has occurred in the north­
central United States and has made excellent aquifers out of 
some of the prominent limestones of that region, such as the 
Galena limestone and the Niagara limestone. Before the glacial 
epoch these limestones lay at the . surface over wide areas a.:p.d 

39 Meinzer, O. E., Occurrence of Ground Water in the United States: U. S. Geol. Survey, 
Water Supply Paper 489, p. 182, Washington, 1928. 

J , 
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were subjecte~ to ~:l(ten~ive . weathering. Then they were over,: 
ridden by successive ice sheets ,and became covered with glacial 
drift. Today the water table in most places passes\ througkthe 
drift mantle leaving the underlying cavernous limestone within 
the zone of saturation. In these areas limestone IS considered an . " . 
excellent water bearer and many limestone wells will yield from 
100 to several hundred gallo~s a minute. 'Where these ' forma­
tions are so deeply buried that they'have, never been leached they 
are oiten not regarded as aquifers by deep well drillers, who 
search for the water bearing ~:;Lnd~to;nes below the limestones." 

Wells in drift and the country rock ~re usually drill~d through 
a heavy cover of impervious glacial till, which effectqally seals 
their water b~ds from surface . contamination. ~n contrast to 
shallow wells and :;;urface waters, the purity of this supply is 
assured under these' conditions. " . " .. 

But the fact that the water is pure when it enters the well does 
not guarantee its purity when' pumped into the mains. In some 
known instances ' surficial water has freely entered the well 
through rusted casings. Pollution from privy 'vaults and leaky 
sewers may find access also where the seal of glacial till is want-' 
ing or imperfect, and the casing is not effeCtively bedded and 
..packed, or by means of crevices in the rock. If in conjunction 
with these conditions a sporadic case bf typhoid fever occurs in 
the' vicinity the' epidemic which follows need not be attributed 
to an inscrutable Pr'ovidence. . 

The recent experience' of Manchester shows 'the possibjlity of 
wells in country rock both for good and evil. The first de\3p well 
for city supply was put down in 1896, is 1870 feet deep, and foots. 
in the EauClaire beds of'the Cambrian. After 30 years of use' 
this deep well f,ailed to meet satisfactorily the increasing de­
mands upon it. In the language of the local press, "During the 
hot dry season ,of the year the demand made upon the pumping 
system is exceedingly heavy and it is with great difficulty that the 
engineer at the piurl.'ping station can keep the stand pipe :filled 
as it should be.'" . 

After the selectIon of a proper site by dowsing with the witch 
willow, a riew well, 212 feet de-ep and 14 inches in diameter, was 
drilled in the northeastern part of the city. Below 10 feet of soil 
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this well penetrated the Niagaran limestone nearly to the im­
pervious floor of the 'Maquoketa shale. At about 175 feet, . in a 
crevice, a yield of 300 g:P;:i:n. was obtained. The well was cased 
to 100 feet. ,The static level was gO feet below the ' curb. The 
total eost of 'this supply, including pumP' and electric motor, 

'pump-house, and connections' with the city mains, was' less than 
$10,000. ,' " , ", " , 
; Unfortunately, 'although this 'well seemed' to promise, to pro­

vide so cheaply" a tremendous and inexhaustible flow of water 
of the highest 'purity >If '*' '*' alone' sufficient for 'local 'needs"; it 
could not' be used: The ,disadvantages soon became apparent of a 
supply drawn from a well in a country rock which is pierced by a 
network of crevices and solution channels, and is protected from 
the contamination of the surface waters of the surrounding town 
by only a ten 'foot cover of soil. The water of the well failed to 
permanently clear~ Pumping still brings in ," a brownish clay, 
like flour, matting up like clay" .. Three times the water has been 
found bacteriologically f' unsatisfactory" by the 8tateBoard of 
Health. In November, 1928, the city is considering either drill­
ing a new w'ell to reach below the :Maquoketa 'shales or installing 
an 'air lift in the well of 1896 and bringing it up to maximum 
yield ~ necessary 'repairs. ' ' 

Artesian wells~-Perhaps the chief e~celle~ce of ,this supp~y, is 
its purity. Artesial1 waters , require rio clarIfication, filtration, 
aeration, or chlori~ation. , Without tr'eatmerit they aie potable ' 
and safe. They can not 'bring u,pon the cormrpmity !'iny' ~f those 
diseases whose germs are water borne. " , 

The high rank 'of artes,ian and other 'd,eep well waters is iri­
<licated by the f6liowing table supplied by Mr. J: J. Hinman, Jr., 
Chief of the vVater Laboratory DivIsion of the State Board of 
Hea.tth. It, ~umma:rizes the results of more than 30,000 bacterial 
examinations of Iowa 'supplies. " , . , , 

-Swmma?'y of Results of the Water Laboratory 

TYPE OF SOURCE 

Peroentage Satisfaotory 
PUBLIC 'SUPPLIES 

Feb. 1914, to Biennium 
June 30. 1926 1924-26 

Springs ......... ______ ......... __ ... __ . 38.03 ' 48.00 ' 
Shallow wells '. ____ __ ________ ____ . 39.32 46.65 
Deep wells ... 00 __ • ______ 00 __ • ____ • 66.40 ' 73.35 
Treated waters __ . __ ,. ______ .__ __ 86.18 90.81 
Filter plant effluents ______ 00 94.84 92.94 

PRIVATE SUPPLIES 

Feb. 1914,.:to Biennium 
June 30, 1926 -1924·26 

27 .. 16 ,23.08 
l8.35 " 17.47 
66.1'0 56.55 ' 
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, ' 

It will bemoted that the excess percentage of safety of deep wells 
used as public supplies over shallow wells :is about twenty-seven 
and the minimum depth of "deep wells" as the term is used by , 
the Board of Health and gene~ally by water engineers is 100 feet. 
No statistics are at hand as to the comparative safety of artesian 
wells, or of those deeper than 300 feet. 

The comparative safety of deep wells is recognized in the regu­
lations of the State Board of Health governjng the examination 
of public water supplies. Water supplied by wells. less than 100 
feet in depth is to be analyzed at least once during each three 
months period; water from wells more than 100 feet in depth is 
to be analyzed at least once during each siX months period, .. the 
water in both cases having been found sa:tisfactory at the last ex-
amination. ' 

While the artesian water which enters a 'deep well is no doubt 
organically pure, artesian wells are not necessarily perfectly 
safe wells. Like wells in the drift and country rock they may be 
contaminated with surface waters. Several typhoid fever epi­
demics have been traced to infected artesian wells. In a recent 
instance noted by Hinman,40 a sewer communicating with the 
'well pit through a drain pipe was able to back up into the well. 
At vVaterloo and Manchester artesian wells have been found con­
taminated, but happily without infection by pathogenic bacteria . 

. At Waterloo the water from a contaminated soil found entrance 
through the upper rusted casing. At Manchester the well is lo­
cated on the bank of the Maquoketa river and heads in the Ni-

. agar an limestone. As was pointed out by the writer when the well 
was drilled/1 it receives near the surface a supply of water from 
the same source as that of a powerful Niagaran spring near by, 
as well as from the deep lying Jordan sandstone; The water of 
the sandstone is above suspicion, that of the surface limestone has 
become polluted and is liable to dangerous infection. The remedy · 

, is to dissolve the partnership by replacing a , short wooden tem­
porary casing with a water-tight iron casing extending to or near 
the base of the limestone, which here is 225 feet thick. 

No statistics are at hand as to the comparative safety of arte- , 

.0 Iowa State Board of Health, Biennial' Report, 1924, p, 78', 
18~~,N()rton, W, H " Artesian Wells of 10:-"11., vol. VI, Iowa Geol. Survey, p, 214, Des Moines, 

,I 
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sian wells and aeep wells sunk in, the drift · and countri rock. 
Both alike are liable to pollution by surface w:aters throu·gh de­
fective casings andpackings. , But, on the whole, the artesians 
have the advantage of better construction. They are put d,own 
by highly skilled workmen with all appliances at hand. Casings 
are generally made of the best materials. Wlthin the upper cas­
ing,·which reaches through surface deposits to solid rock, there is 
often placed an inner casing extending hundreds of feet, careful­
ly packed, and occasionally the space between the casings is filled 
with concrete. . 

Deep wells in the country rock which do not penetrate a cover 
of impervious clay are little if any safer than shallow wells, espe­
cially if their casings are short, since surface waters way descend 
an'd find· access to the well through crevices and solution channels 
in the rock. A number of infected wells of this class are on 
record in Iowa. 

A su~ary of the results of the examination of upwards of 
33;000 samples of city water ·supplies of Iowa from April, 1914, 
to May 1, 1927; has been ·prepared for the writer by Jack J. Hin­
man Jr., Director of the Laboratories of the State Board of 
Health. From this report it appears that 'at 'no time the samples 
submitted from the following deep well supplies have been found 
"unsatisfactory ,:" Ayreshire, Donnellson, Hull, Huxley, Lans­
ing, Manson, Marcus, Nevada, Pleasantville, Pocahontas, Rock­
well, Wilton. 

The following supplies have been found "unsatisfactory" ,but 
once during their history: Anamosa, Charles City, Dunlap, 
Dysart, Elkader, Lake Mills, Lytton, North English, Oakland, 
Tipton, Winfield. In the remainder of the deep well public sup~ 
plies the water has been found definitely" suspicious" or worse 
two or more times, or is regularly chlorinated. It must be re­
membered, however, that a number of towns draw on both deep 
and shallow wells, and no data are at hand to show from which 
wells the contaminated water came. 

But the fact that in 63 per cent of the towns of Iowa using deep 
wells in part or whole for water supply contamination has been 
proved on two or more occasions shows conclusively that deep 
wells, like shallow wells, may be polluted by surface waters. ·The 
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advantage of deep wells lies ,in this. rrhe shallow -well, whose ' 
aquifer ,is, unpro'tected by an 'impervious covering stratum; may 
draw on 'Waters Widely and hopelessly polluted,. The deep well 
draws on a sealed aquifer whose water' is above suspic10n. 'If the 
water of a, deep well , is -found contami:q.ated -it may be taken forI 
granted ,that the contamination -enters the well through the de.: 
fective mechanism of the well, such 'as 'an imperfectly sealed or 
rusted- casing, and therefore can be remedied. 

It hardly' need be added that an artesian' supply ,does: not con­
fer .immunity against epidemics of the typhoid group caused, as 
in some Iowa examples, by infected river 'water drawn into the 
mains ori some emergency. ' 

A second , advantage .of artesian' wells 'is ,the capacity of the 
reservoir ori 'which they draw. The Cambrian and Ordovician 
sandstones Of the upper Mississippi artesian field are hundreds 
of feet thick in the aggregate and underlie thous,ands of square 
miles: ' There are, hesides, vast voluines of water stored 'in the 
Prairie du Chien and other limestones belonging to the same: 
artesian system. It is assumed that this reservoir, replenished 
by the rainfall over 'the area of outcrop .of the several aquifers, is 
practically inexhaustible. 
, No d.ouhH early estimates of the amounts bf underground water 

were excessive. And a large part of underground water even 'of 
the most conservative estimates Of its total amounts, is held too' 
closely in the fine pores of rocks to be available for wells. The 
repbrts of drillers indicate'that even the Saint Peter, the Jordan, 
the Dresbach and the ' Mount Siinon sandstones are not filled 
throughout with gravity water ' ready t.o flow into the tube as 
soon as the fo'rmation is entered by the drill. While definite facts 
as to the prMise 'depths at which water has been struck are re­
grettably few, it. seems 'that even tpe leading aquifers , supply 
water freely 'only at certain 'horizons, which vary in different 
wells, horizons at which the texture of the rock is sufficiently, 
open to allow pressure flow. And anyone of' these ' ordinarily' 
generous aquifers may locally yield n.o water from top to b.ottom, 
S.o far as drillers;" reports give evidence. Any calculation, 'there­
fore of ,the amount of a"rtesian water held in storage, based .on 
estimates of the volume'of aquifers, ahd: their average per cents' 



COST, OF' '.AR!I'ESIAN WELLS 73 

of pore , space, arid. en the' assUmption that all pore 'spaces are 
water filled, is clearly excessive: Yet since in the.artesian 'field ' 
of the Upper Mississippi valley: the Cambro-Ordovician system of 
aquifers 'yields , generously ' to practically all wells ' which tap it~ 
we may conclude ' thai, thr<:mghout this' field, ' artesian water is 
moving slowlY under pressure:, Considering ,the' vast area of the 
field and its constant replenishment by a ,copious rainfall OVe! an 
extensive intake area it may be ' assumed that artesian water in 
Iowa is too great in amount to be eXhausted or seriously depleted! 
, Objection is so~etb:nes made to artesian waters because of 
hardness. ,It is true that as a rule they are mor:e :highly.miner:H­
ized than the water of streams. Compatr"ed with other ground 
waters, the water of deep wells is less highly inineralized, as was 
found by Hendri."'{son~z., in the nort"Q.east, east central and nort4 
central districts of the state. In the remaming districts 'of 'the 
state ,the opposite obtains. 

In ' general mineralization is excessive where the Camoro-Or­
dovician aquifers lie deep and are covered by Mississippian and 
Pennsylvanian 'strata, especially in southwestern and 'south cen~ 
tral Iowa. ' 
, When the water 'of any well' supply is found excessively 0 '1' even 
moderately hard a ·chemical treatment of the water by a 'softening 
plant is often to be recommended on the score of economy~ 

The initial cost of artesian wells makes' against their use by the 
smaller municipalit~es and against their duplication for emerg­
ency supply, as ' when a well' is thrown out ofcommissioIi for re- , 
pairs. A large recent increase in cost may benot'ed by compar­
ing the cost of the wells listed iri the present report with the cost 
of thos~ of the report bf 1912. This is the natural result of the 
greatly; increased price of labor 'and materials due in part to a 
depreciated currency; The competitive prices for drilling 'for 
oil is ,said also to be a factor. Contractors" bids take account not 
only of depth ,but also of the material. to be penetrated, ease of 
drilling, risks 'of losing tools and the amount of required casing. 
Wells which pierce heavily bedded limestones for the most part, 
cost less than those in which there ' is much caving sha:le. Bids 
are apt to run high in order to cover uncertainties ' wherJ ' the . 

42 Underground Water Resources of Iowa, vol. XXI, Iowa Geol. Survey, p. 165. 
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formations to be passed through,~ their character and thickness, 
are little known. Prices must 'be ' large enough, to cover risks 
where the contractor assumes in any part the responsibility ,for 
the success of the well. Any dependable information as to the 
deep, geology of the state, which diminishes ' these uncertainties 
and risks, must lower the cost of wells in the highly competitive 
market by which prices are now fixed. 

Operation and maihtainance of de~p wells may also be ex­
pensive, operation when the static head is low .and the lift large, 
maintainance when corrosive waters rapidly r~st out casings and 
when wells tend to fill with sand. ' 

A recent example is the well of the Sinclair Packing Company, 
Cedar Rapids, drilled in 1911 and 1471 feet deep. After fifteen 
years of use rusted, casing allowed the Maquoketa shale to cave 
and partially block the well, reducing the pumping capacity from 
900 to 300 g.p.ro. In 1926 the well was recased and the pumping 
capacity was then found to be around 900 to 1000 g.p.m. How­
ever, while repairs were in progress a well 72 feet deep and 21 
inches in diameter, of the Layne-Bowler patent, was sunk in the 
flood plain sands of the Cedar river. This shallow well yielded 

, at first 1500 g.p.m., dropping in a few months to 1000 g.p.m., and 
as the water is somewhat colder and much less expensive to pump 
than that of the artesian, the deep well, though not abandoned, 
has been .superseded at least for a time, and a second Layne­
Bowler shallow well added. 

Perhaps the chief objection made to an artesian public supply, 
, especially for the larger towns, is that of deterioration, overdraft 
and ultimate inadequacy. Deep' wells, it is said, suffer gradual 
decline, the static level lowers from year to year, pumping cylin­
ders are hung at 'greater depths. Air compressors are installed 
with pipes reaching deeper and deeper in the well. The cost of 
pumping steadily increases while air lift pumps become less and 
less efficient with reduction in submergence. r,rhe delivery de­
clines. New wells are drijled but because of interference do not 
add to the output in proportion to their cost. Finally the deep 
well supply will have to be supplemented or superseded by one of 
another type., ' 

This melancholy forecast is hardly justified by the history of 
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Iowa deep wells. Some of the oldest city wells are still giving 
good service. But seven towns have abandoned an artesian well 
supply and this for various reasons. At Monticello a ~r60ked 
drill hole made needed recasing impracticable, and a cheap sup­
ply· was 'found in a well in the country rock. At Boone the in­
adequate yield of two wells, 3000 feet deep, was apparently due 
in part to the small diameters with which the drill hole was able 
to 'reach the deep lying aquifers. Shallow wells in glacial sands 
were substituted and when these failed a permanent if ~istant 

. and expensive supply was found in island wells at the Desl Moines 
river. . At Sigourney the. artesian water was found so heavily 
mineralized :in 1882 that it was never put to use. Yet a still deep-

. er artesian was drilled in 1923 for city supply. . Centerville seems 
to have abandoned deep wells on account of the quality of the 
water and finally has gone over to the impounding reservoir. At 
Newton two dE)ep drill holes failed to reach the' Saint Peter sand­
stone on account of difficulties in drilling and the water obtained 
from upper aquifers was poor . . At Mallard the city. well filled 
with sand. .., . , 

Fourteen towns using artesian wells for their municipal supply 
report diminishing yield or receding static leve.I' (1925), and 
there are probably other instances not reported. The deteriora­
tion of these wells in some instances signifies nothing of more 
general importance than the clogging of the aquifer immediately 
llbout the drill hole, or leakage or cave because of a rusted casing. • 
In other cases an overdraft is evidenced. .More water' is drawn 
from the aquifer than can locally be transmitted in a given time. 
There is produced within and for an unknown distance about the 
well field an area of ~iminished pressure comparable to the cone 
of depr'ession in the water table about a shallow well. 

t • t . ' • 

Conservation 

The need of conservation of deep well waters is less obvious 
than ,that of oil, natural gas and coal. These resources once con­
sumed, are not replaced; ground water is continually replenished, 
much as lumber supply is renewed by forest growth. Yet just as 
.in a country's forests cutting may exceed growth; SO in a well 
fie14 the draft on ~round water may be greater than recharge. 
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The faCt that artesian :water is already . overdrawn in sev:er.al 
Iowa cities and towns proves . that its conservanoy must be 'con­
sidered. ,.' 

When·a public well .supply shows signs of overdraft blame is 
occasionally . placed .·on private ·wells. which draw .. on the .same 
water beds. In Dubuque, Clinton; Mason City, Fort .Dodge and 
Cedar Rapids and Sioux City there are, it . is . hue, numbe:r;s· of 
private, wells, besides those of the municipal supply. .But .so. far 
as artesian water is . legitimately used and not wasted the total 
amount of water consumed by the inhabitants of the c.ity and its ' 
industries is not thereby increased. It makes no difference to the 
static level and the . adequacy of the supply whether· a. given 
amount of water -is drawn from public wells or from both 'public . 
and private wells. A consumer .may find it to his advantage to 
sink a well of his oWll and discontinue .the public service, but he 
does not thereby increase the draft or overdraft <?n the artesian 
reservoirs. 

"The first adequate attempt to conserve artesian water$ on a 
large scale," as has been said by Meinzer, is being made in North 
Dakota under Dr. Howard E. Simpson, State Water Geologist. 
In this. artesian field 6,000 artesian wells have -been drilled and 
form a very valuable asset of the farming communities of · this 
area. For several years unchecked flowing wells hav~ dissipated 
the pressure ,and over wide belts the static head ·has fallen below 

• the surface. . Since 1921 laws have been passed and campaigns 
of education conducted designed to. prevent discharge from flow­
ing wells beyond beneficial use, to prevent leakage, and to secure 
the sealing of disused wells. As a result the decline of·the pres­
sure has been checked and wells have been kept flowing that 

, otherwise would have failed to flow. 
Another region where the decline of artesian water of great 

economic value has brought about conservation by legislative 
measures is Oahu, one 9f the Hawaiian islands. Here about 600 
wells form the main domestic supply of 100,000 people ' and are 
indispensibleto tlie irrigation of sugar lands Of great producHve 
value. . Tlie maximurri daily draft upon these welisis' 350,000,000 
gallons. ' .' 

The laws of the territo'ry of Hawaii are designed t.o preven.t all 
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waste of artesian water not only by flow without beneficial use 
but also by leakage' underground. How great can be the leakage 
loss of an artesian well 'is shown by the tests made here for the 
first time with'the current meter. In Honolulu alone the \ total 
leakage thus discovered amounted to 7,750,000 gallons a day, ,an 
amount equal to one-third the total daily consumption of the city. 

-Of this loss 5,900,000 gallons were saved by suitable repairs. 
In the Iowa artesian field the need for conservation is less in 

eVidence than in the Dakota basin or Oahu:W ater is .little used 
for agricultural purposes. There is practically ' no waste from 
uselessly flowing wells. Only in a few areas is there any danger­
ous overdraft. But in these local well field's the need of conserva­
tion is serious 'and urgent. The static level has already receded 
far. Abandoned wells should not merely be capped to prevent 
flow; they should be plugged deep enough to effectively seai the 
aquifers. The,nature of the rocks pierced by the Iowa wells does 
not lead to the anticipation of such an amount of ' leakage as that 
found in Oahu, but it is highly probable that a thorough investi­
gation with a ' current meter in several ' Iowa well fields would 
disclose a large and continuous loss and that the stoppage of 
lateral escape of artesian water's would go far in maintaining 
their static level. The well o~ers in an artesian field share in a 
common supply. They are stock holders in a common property. 
The waste of one J:g the loss of all, and waste as defined in legisla­
tive statutes includes subsurface leakage. It may be that only 
by the strictest conservation Will there remain enough for all; 
enough for any. 

'Artesi3.n Supply of Iowa Cities ' 

The experience of the larger Iowa cities which have used ar­
tesian wells -for public supply is believed to be of .special value 
. and will therefore be given in some detail. . Further· data will be 
found under each of these cities in this report and in earlier 
water reports of. the Survey. In · every insta~ce .except ·one, 
Waterloo, there is a considerable use of artesian water drawn 
from private wells, so that the artesian yield' is larger than the 
public consumption indicates. At Clinton the·number of private 
deep wells is 18, at Dubuque 27, at Mason City 9. As the prefer-
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ence of some large consumers for private supplies can not be' due 
to difference in quality, it is assumed to be due to difference in 
cost. And probably'the cost factor, rather than quality, has led 
to 'the sinking of the 'private deep wells of Burlington (12), Dav­
enport (20), Keokuk (14) and Ottumwa (8), and other towns, 
which use another type of supply. ( \ . '. . 

CLINTON 

The city of Clinton (population 24,151) is ' supplied by the 
Clinton 'Waterworks ,Company with water drawn from ,artesian 
wells, of which six have been drilled and five are now in use. 
These wells are described in the w:riter's report of 1912. 
, The first public supply at Clinton is said to have been 'water of 
the Mississippi river strained through compartments filled with 
sand and gravel. As eai'ly as 1886 the 'first two artesian wells 
were drilled, marking the installation of the present system, and 
three additional wells had been -added by 1902. All these .wells 
discharged into the reservoir by natural flow. 
, ' But as ' the ' initial head of the wells, which had been 44 feet 
above the curb in the 'case of first wells drilled, declined and their 
delivery under natural flow decreased, fears were entertained 'as 
to the permanence of the artesian system. It was thought that 
any additional wells would diminish the yield of tho'se already 
drilled, and would not' increase the total delivery in proportion 
t() the e:x'.pense. The water 'company therefore installed as a sup­
plemental supply ~ mechanical filtration plant drawing on ' the 
water of the river and with a capacity of 1,000,000 gallons daily. 
This, however, proved unsatisfactory, and at .the writer's sug­
gestion the deeper water beds of the Cambrian, the "basal sand­
stones," were tapped in 1911 by a deep well, no. 6, which secured 
a phenomenal flow, lifting by lateral leakage the static level of 
several deep wells of the Clinton area. ' 

In 1917 there ' again developed a need of increase of supply. 
One well, in(',onveniently situated, had been abandoned, and the 
five wells in use ~ere piped directly to the pumping basin. Aided 
by a vacuum pump which removed the air from' the connecting 
pipe, these wells were then giving a flow of 2,483,000 gallons 
daily. At the, advice of Mead and Seastone, consulting engineers, 
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an air lift system was installed. in wells 2 and 3. Tests in 1917 
showed iTI' these wells alone an increase in delivery of 900.,0.0.0. ' 
gallons daily. In 1925 well no. 6 ~lso was put under air and ill, 
1926 with 10.0. feet of compressed air was capable of f~rnishing 
the entire supply or 4,0.0.0.,0.0.0. gallons daily, while in emergency 
four wells c,ould be operated at once with a combined daily purrip­
age of 8,50.0,0.0.0. gallons. 

It1was the opinion o{:M:ead and Seastone published in 1917 that 
"the alltesian supply of Clinton can be made available for a cit y 
of at least 10.0.,0.0.0. inhabitants and fully adequate not only for, 
domestic but for all necessary. fire service." This favorable fore­
cast, which nothing has as yet invalidated, probably was based on' 
the capacity of the Mount Simon artesian reservoirs, which so 
far have been tapped only by the waterworks wells. 

Eighteen deep wells have been drilled in the Clinton area and 
two at Fulton, Illinois, in addition to the six drilled for public 
supply. Seven have been abandoned. In 1925 the head of wells 
still in use averaged 12 feet 1;>elow the curb, a total fall of 56 feet 
since the first wells were drilled. 

DUBUQUE 

,/~- Dubuque (population 39,141) draws its supply from five deep 
wells, whose capacity of 6,476,0.0.0. gallons daily under air with a 
lift of 128 feet is more than twice the average daily consumption. , 

In 1910. the supply was obtained from four deep wells. L,ater ' 
two of these at a distance fmm the Eagle Point pumping station ' 
were disconnected and two additional wells were put down at 
Ea~P~~ , . , 

In 1922 it became evident that steps must be taken to 'increase, 
the supply. At this time the, four deep wells delivered under a , 
motor driven centrifugal pump 1,779,840. gallons daily, while a 
group of wells about 10.0. feet in depth penetrating the sands of 
the flood plain of the river added 'under pump 1,570.,0.0.0. gallons. 

In choosing between the extension of the deep well system and 
that of the shallow wells, it was taken into consideration that 
tests over a period of years had shown iarge interference among 
the shallow wells and a constant decrease in their capacity. Al­
though few flood plains would seem to offer more advantageous 

/ 
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water beds than those of Upper Mississippi river it was decided 
to develop the artesian wells, using the present shallow wells 
only for emergency supply .. A fifth deep well was drilled (p.183) 
and air lifts were installed, giving the combined 'purnpage, as 
stated, of nearly SL,{ and one-half million. gallons daily . . Appar­
ently the deep · wells of Dubuque will continue adequate for a 
number of years. 

There are now in the local Dubuque field thirty-two deep wells, 
including seven which have been abandoned, all of which draw 
on the artesian reservoirs by leakage, ' pumping or natural flow. 
A discussion of the progressive loss of head due to local over­
draft will be found on page 1~4 .. 

rORT DODGE 

In the report for 1912 on ~he Underground. Water Resources of 
Iowa there were listed three city artesian wells, which furnished ' 
a flow supply adequate to the city's peak consumption of 1,600,-
000 gallons daily. During the ensuing seven years it. was found 
necessary to drill four additi.onal wells because of the filling up 
of the chief well and to meet an ever increasing demand. 

In 1919 the supply had so far fallen short that, according to an 
official report, an old filtration gallery supplying river water was 
frequently drawn upon. It ,was said that the discharge of the 
wells had been growing weaker year by year, and it could be fore-

. seen that in time they would cease to flow. The ' experiment of 
pumping well no. 1, tried in 1909, had not been a success. It was 
held that the other wells were of too small a diameter for the 
use of either c.entrifugal or plunger pumps, and they were separ­
~ted too far for the use of the air lift. The hardness of the water 
was also offered as an objection to its continued use. 

It was proposed, therefore, to entirely abandon the artesian 
supply and' erect a mechanical ·filtration plant for the use of the 
Des Moines 'river'water at an estimated cost of $400,000. ' 

At the request of, the city Council and the Webster County 
Medical Association the case was taken under advisement by the 
writer" who, after visiting the city, submitted the' followIng re-
port: . '.' 
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Mount Vernon, Iowa ' 
June 7,1919 " 

To the Mayor and Council of, the City of Fort Dodge, Gentlemen: 

I ' " ~ , 

Your city is fortunate in having the privilege of a' choice :be­
tween several adequate sources. There are towns' in IO'Ya 'wh,ich 
can not get water from deep :artesians, or fro~ artesians of mod­
erate depth, or from shalIow wells. There are towns too reIP-ote 
from rivers to 'utilize this source of supply, and some unfortunate 
towns' have only the' Hobson's choice ' of 'impoUnding ' surface 
waters. ., f, 

Shallow W ~lls 

If I may judge from a brief inspection of your area, this source 
of supply is not available at Fort Dodge, although it 'yields a , 
large supply to a number of cities ' and towns, as, for example, 
Muscatine, Marshalltown and Boone. The requisite conditions 
for this supply are thick and extensive beds of pervious material 
and the water table. or saturation surface, near the surface of the 
ground. Those conditions are best met on flood plains of aggrad-

, ing rivers, wh<;:lre, stream-laid sands and gravels form natural 
water beds. , . ' , 
, UrifortUnat~ly the upper Des MQines river ,has not been an ag­
grading stream. It is still so young that its valley is narrow and 
steep ,sided. There are no extensive bottoms built up of sand and 
gravel from which to draw ground water on its way to the river, 
or "the underflow," more closely connected with the stream . 

. At Fort Dodge the narrow flats below the water-works on the 
left batik are inadequate in area and are so built over that there 
would be danger of pollution. A mor,e promising area, at first 
sight, for a gang of shallow wells is found ,on the rjg;ht bank above 
the dam.. But inspection lShows that th~s flat is underlain slightly 
above water level in the river with a rock floor on which rest river 
deposits top fine t<? transmit water in any considerable quantity. 
Grc)'llnd water supply from shallow wells may therefore be ex­
cluded. 

Infiltrition Galleries 

For the same geologic reasons-the youth of the~iver and the 
consequent lack of he'avy deposits ,of coarse waste on its bed and 
banks-there does not appe,ar 'any very good opportunity for 
drawing on the water of the river by means of infilt;ration galler­
ies. The most prom,ising location is Duck Island. «0 «0 ,. «0 Bed rock, 
however, is so near, the alluvium of the islana. is so disconnected 
from the pervious deposits' on the land, that the outlook is by no 
means as promising as when islands of sand and gravel rise from 
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deep beds of the same material which extend beyond the river's 
banks. . 

,. Deep Ar~esians 

Another source to be consfdered is 'that of the deep lying water 
beds of the Upper Mississippi artesian basin, especi:;tlly 'the Saint ' 
Peter sandstone, the Prairie du Chien formation arid the Jordan 
sandstone. , This is the source of supply drawn llpon by Mason 
City, Charles City, Waverly and Waterloo. It is tl).at drawn 
upon by your city well no. 1. 

As to the quantity of water to be obtain~d from these deep 
horizons we have on Tecord the following. facts. """" "" "" These 
tests indicate that under the pump, and.using all the water beds, 

. two or three wells tapping 'the Jordan sandstone would furnish 
enough water for a long term of years. . ' ' 

Quality of theDeep Artesian Waters 

Unfortunately when well no. 1 was drilled no analyses were 
made of the waters coming in at different depths. '. We have, 
however, .the analysis made by Hendrixson about 1910 (Iowa ' 
Geol. Survey, vol. XXI, p. 188). If this was made before the cav­
ing of the well it represents all waters coming into the bore-hole 
including those of the Jordan sandstone. Comparing this with 
Knight's analysis of the present water of the well in the table be­
low it will be noted that the well water of 1910 was superior to 
that of 1919. It contained 26 parts per million less of calcium and 
magnesium, and 119 (about one-third) less of the sulphate radi­
cle, and one-third less of iron and aluminum. On the other hand 
it contained somewhat more of common salt and chloride of mag­
nesia. The basal waters, then, are somewhat better than the up­
per waters, if the first analysis was made wl:ten the well was still 
of its original depth. 

It hardly need be said that the waters of artesian wells are 
bacterially pure. They offer immunity so far as water supply is 
concerned from those diseases whose germ~ are carried in drink­
ing water so long as the caRings are kept in repair and surface 
waters do not get into the well. 

Cost of Deep Artesians 

The cost of two or three deep wells reaGhing the Jordan sand­
stone is great, especially at the present time with the high 'price 
of labor and material. As :with any machip.ery, that of a deep 
well needs repairs from time to time, and . the deeper the well the 
greater the cost of needed repair~. For: th,is reason you will no. 

\ . ' . " 
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doubt seriously consider the cost of "this supply as well' as the 
difficulties and cost of maintainance. , ' 

I am aware of the mechanical difficulties in a deep 'artesian sup-
, ply. Your deep well has 'seriously caved. Sand in the water is 

reported as being ruinous to your pumps. But it is my belief 
that both of these difficulties can be obviated both in the repair­
ing' of well no. 1 and in sinking other wells to the Jordan sand­
stone. Difficulties with corroded casings can be obviated, al- ' 
though at large expense, by the use of cast iron casings. 

Artesians of Moderate Depth 

The next supply to be considered is that from artesians tap­
ping the Mississippian strata and perhaps the Devonian ,also. 
Mississippian rocks, exposed in the immediate vicinity of Fort 

' Dodge, are widely extended over the upper Des Moines basin. 
Undoubtedly they carry large amounts of ground water which 
are under considerable head at low levels, such as the bottom of 
the Des Moines river valley. The Mississippian is composed of 
alternating beds of limestone, shale and sandstone. The shale 
beds are dry, but serve as covers to maintain artesian pressure. 
Much of the limestone is but slightly magnesian and is highly 
soluble. We may expect that ground water has worked out by 
solution a good system of branching channels. But it is impos­
sible to predict the depth at which any such a channel will be 
struck by a well at any given point. Sandstones are few and in 
thin beds. If the records of the different wells are reliable, these 
sandstones are also discontinuous. 

The Mississippian strata hav.e been explored already by the 
city wells and by other wells sunk by private parties. The quan­
tity obtainable by natural flow is thus pretty well ascertained. 
The initial flows and those of today are shown in the following 
table from estimates by Superintendent Pray. 

Flow of City Wells of Fort Dodge 

INITIAL FLOW 
in gallons per minute 

Well No.2.............................. 80 
Well No.3.............................. 600 
Well No.4.............................. 60 
Well No.5 ................ ,............. 48 
Well No.6 ...................... : ...... .' 80 
Well No. 7 ................... _......... 80 

TotaL ......... : ..................... . 948 

~RESENT FLOW (1919) 
in gallons per minute 

50 1 

200 
15 
20 
50 
50 

385 

The natural flow has thus diminished more than one-half-from 
1,365,000 gallons per day to 554,400 gallons. Even with the 

• 
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present flow of well no. '1 added~ estimated at 300 gallons per 
minute, or 432,000 gallons l?er day, we have.a total well supply by 
natural -flo:w of less than ' one, million ' gallons 'per day; from 
600,000 to 700,000' gallons short of the requirement: " 

To secure this extra amount two methods are to be considered, 
(1) pumping the present wells; ' (2). the ' siriking of additional 
wells. A cylinder Inunp, 'or' an air lift; increa8'es the discharge of 
water from a well in pt0portion to the depth at which it is pla:ced; 
Thus at Charles City the yield of the city artesian, under' natural 
flow 200 gallons per minute, was increased to 900 gallons per 
minute with a vacuum of 'seven pounds. At the State College at 
Ames the. disch;uge. wa~ in.creased fro:ql. 3525 gallons per hour to 
7400 gallons by lowering the pumping cylinder from. 105 feet be­
low the curb to 270 feet . . ~t seems proqable that in accordance 
with the experience of oth,er. wells a large increase in supply from 
the Fort Dodge wells can be obt~ined by pump or ajr li~t. The 
amount of this increase can not be definitely s~ated, . but it can be 
ascertained by actual tests at compar;ltively little. expense. 

If an adequate sllpply can be obtained by pumping the present 
wells no .additional wells will be· needed as long a:s the pumped 
supply holds out. When it falls below the requirements of the 
city, new ~ells can be drilled. The present wells are admirably 
located to secure the maximum head and discharge. "" "" "" "" Addi­
tional wells <{an be placed ,up river from the waterworks on the 
low ground adjacent to the hydro-electric plant and up Lizard 
creek. Other w.ells could be slink also in the valley of Soldier 
creek. "" >II< * "" It is my opinion that by pumping the present·wells 
.and by drill~ng new wells from 200 to 600 feet in. depth from time 
to time a' sufficient supply for Fort.Dodge can be obtained for- ,an 
indefinitely.long period of years or . at the least; for a period so 
long- as amply to realize on the cost of the investment. 

Tl).ere are certain objections to the quality .of .this supply . 
. It contains considerable iron. In the Municipal building a gelatin­
ous rusty red deposit forms rapidly below the taps where the iron 
is apparently extracted from the water by plant slimes. A meter 
which had been in use for some time showed considerable deposit 
of this sort. The extent to which these iron deposits give trouble 
in basins and to laundries is' no doubt well known to your citizens. 
The analyses indicate that it may give considerable trouble and 
annoyance. It would therefore be well to take the matter up with 
C?ngineers to find the cost of removing the iron by aeration ' or 
filtration. 

A second objection to the water of the wells is its hardness . 
The degree and kino of hardness is , shown in the following table 

• 
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taken from analyses made for this investigation ·by Dr. Nicholas 
Knight of Cornell College . . The numbers are parts per~ million . . 

\'.' . 
Hardness of Fort Dodge Waters 

Well No.1 No.2 No.3 Des Moines River 
Lime and magnesia . carbonates . . . 

(temporary hardness) .............. 161.90 
Lime' sulphate ., . 

(permlj.nent . hardness) ............. .455.9 

, Total' .. ~ .. : ... : ..... : .... : ...... : ..... ~ .. 617.8 
k • ,. .j 

326.00' . 
," 
235:3 

561.3' 
" . 

222.6 

. 270.8 . 

493.4 

238.8 

.316.2 

555,0' 
1\ • 

We maY:"compare the li~rdriess ' bfthe FortD6dge'wells with 
that of- other deep wells in Iowa; 'as shown by the amounts Of cal­
cium (Ca:) and magnesium (Mg.) pr'esent, in parts pet million. 

,., I' • 

Ca. 'and Mg. 
Fort Dodge, av'erage of the three wells .. " ..... : ... , ....... ; ... : ......... : ....... '.... . 171.4 
Fort Dodge, well. no. 1, wj1en drilled ........... ~..... .... ...... . ......................... 1.54. 
Dubuque .................. ,................................................................................... 88. 

. g!~~e: ;~~~~ .. :::::::::,:::::::::::::::::~:: ::::: :::::::~:: ::~::=::::::::::::::::: :::.:::::::::;:::~::;::::~~ , ~~: 
Waverly , .............. : ............. ~ ............ ,.: .......... , ......................... , ............ :......... 96. 
MasoJ;! City ................................................................................................ 115. 
West Liberty ...... : ......... : .... : ........ ~ ..... ~ ..... : ..... ; .. : ....................................... : ' . '115. 
Waterloo ..................................................... ; ..... , ....... c ••••••••• : .· ••• ;: ••••••• : •• :..... 116. 
Ottumwa .................................................................................................... 127. 
Cherokee . ............. : ............. : ........................................ ~............ ................. .. 273. 
Keokuk . ~ ..... : ...... :., .................... ,::~ ........ , ................ ~: ...... :: ..... ~: .... : .... ~:J......... 279. 
Burlington ............................... : ........ ,: ......................... :.............................. 457, 
Belle Plaine ............................................................................ ,................... '. 481. 

Certainly' the lime alld magnesia present in the Fort Dodge 
well water is not 'so great as to be ,del~teriotis to public health. 
To persons unaccustomed t() its us~ ~t might cause slight tempor­
ary digestive disorders, but again' those accustomed to it might 
suffe'r similar troubles of the digestive. tract o~ changi.ng ~o 
softer drinking water. There 'is n9' ~alid :o:r acce'(>ted .evidence 
that sllch hard waters are the cause either of goiter or of urinary 
calculi. . . . . 
A~. an industriaJ water, the water '<?f ~be Fort Dodge wells i~ 

not to be commended. It has other disadvantages which no doubt 
you have c(nisiaered. It 'Will ciog' heaters and hot wat~r pipes. It 
makes nece~sary the use of much larger quantities of soap than 
would a water entirely soft, and is less pleasant in bathing'. . Al­
together. the cost of a hard water supply in plumbers' bills, in 
soap, and in the cisterns. tanks and lifts that many citizens install 
in order to secure soft water must amount in the aggregate to a 
very pretty sum. , , , . 

Comvaring the quality of the water of'the shallower wells with 
that of the deep well we find no advantage with the latter. If 
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therefore sufficient' water can be obtained from wells from 200 to 
600 feet deep there is no need of incurring the expense l of drilling 
wells 1400 and 1800 feet in depth. - \ 

Filtered River Water 

As a source 'of supply the .Des Moines river has several points 
in its favor. This supply is abundant, ip.exhaustible, permanent. 
Machinery is accessible 'fot.repairs. The water is bacterially im­
pure, yet the upper Des Moines doubtless contains less. sewage 
than the middle Cedar, for example. Filtration is necessary for 
this supply. ,\Vith caJ;'e a filtration plant may be maintained at a 
high point of efficiency, as is shown bY'the history of the filter 
systems of several Iowa ~ities . The records of typhoid fever 
epidemics in Iowa cities 'also sh9W how fatal may be a lack of 
care. A's Turneaure and Russell state, "to obtain uniforrrily 
good results with economy requires very careful operation. The 
coagulant must be closely regulated to correspond with the qual­
ity of the water." These authors emphasize also the 'great care 
involved on the part of the attendants and the importance of 
having the whole plant under the control of regular and frequent 
bacteriological tests. With these precautions mechanical filtra­
tion can be made successful and efficient. 

This supply is better than that of the wells for industrial pur­
poses: iron is present in so small amounts in the river water at ' 
Fort Dodge that it will give no' trouble i:q. laundries or elsewhere. 

Yet it will be carefully noted that the water of the Des Moines 
river at Fort Dodge, as shown by Knight's analyses, is by no 
means a soft water. At the time when the sample analyzed was 
taken, it contained 555 parts per million of calcium and mag­
nesium carbonates and calcium sulphate, while the average con­
tents of the three well waters in these salts was 557.5. Compar­
ing the calcium and magnesium contents of the river water, 160.37 
parts per million, with the ,waters of the deep wells listed in the 
foregoing table, jt will be seen that the Des 1~oines river 'sample 
was more heavily charged with these elements than many of 
these wells; The following table taken from Hendrixson in vol. 

. XXI, lowa Geol. Survey, shows the comparative rating of the 
river water: 

. . Ca. and Mg. in parts per million 
Average of 30 deep wells in ne. Iowa _______________ 94 

. 4vetage of 35 deep wells in . east central Iowa__ 150 
Average of 16 deep wells in se. Iowa ________________ 199 
Average of 13 deep wells in sw. and south cen- . tral Iowa ' ____ . __ _____ . ______________________________ _________________ ,_ 223 
Average of 10 deep wells in central Iowa _______ ,__ 236 

. Aver.age of 9 well,s ·nw, Iowa _________________ .____________ 277 

Des Moines river, May, 1919, Fort Dodge _____ ,______ 160. 

) 
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The reason for the hardness of the water of the upper Des 
Moines (which thus is about the average harp-ness of the deep 
wells in eastern Iowa) is not far to seek. The river is largely fed 
by ground water issuing from springs. Owing to the youth of the 
stream and the consequent lack of well developed tributaries 
there is a larger soak-in of the rainfall and less run-off reaches 
the streams than in the older rivers of eastern Iowa. Spring 
fed, the rivet thus contains large quantities of lime and magnesia. 
carbonates and gypsum dissolv~d by ground water in its passage 
through the rocks and soils. . 

It must not be inferred that th.e river water is equally hard 'at 
all tiines of the year. When the proportion of run-off is greater, 
as at'times or flood, the proportion . of calcium and magnesium 
will be less (the water softer). At low water, in time .of summer 
drought, when the supply Will still more largely be from springs . 
than in May when the sample was taken, it may be expected that 
the water will be still harder than the sample analysed. Some 
idea of the range in hardness may be gotten from the following 
table: 

.Analysis of Des Moines river water at K eosauqua, 1906-7 o-n the last 
week of the month. I 

in pa.rts per million 
Sept. Oct. Nov. Dec. Jan. Febr. March Apr. May June July Aug. 

Ca and Mg 59 ' 100 108 . 138 40 53 ? 96 72 79 56 86 

We have here an annual range from a minimum of 40 parts 
per million to a maximum of 138. The range at Fort Dodge will 
probably. be as great And at any given time of the year the 
water of the river at Fort Dodge will probably .be considerably 
harder than at Keosauqua as the lower Des Moines river is more 
largely fed by, the run-off. . 
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" 
.t1,~lyses of F,o.,rt Dodg~ Water~ , , 

in part,s p,er,' ,"!illion 
A Des Moines R~ver" 1:{ay" 1~19, Knigh~ 
B Cit.y w~ll ' No.1, May"1919, Knight 
C City well No.1, 1910 (f) Hendrixson 

I . 
" . , \ 

·D City well No.2, MaYI 1919, Knight " 
E City well ~9 .. p, May" 1919, . Knight 

i' ; 

l A B C D E 

,Total Solids ................................ , ....... 530.6. 846.00 867. 618.6 561.6 
Ca, 'Calcium ........................................ 93.12 134.10 114. 135.28 112.52 
Mg, Magnesium ................................ 67.25 46.25 40. 45:94 40.2 

,Cl; Chlorine .... ! . . ................................... 14.7 120.70 144. 14.7 " 14.7 
HCO" Bi~arbon1j.te r,adicle ....... : .... ;. . 17~,.0 117.57 410. 217 .. 64 152.12, 
SO., Sulphate ra.dicle ............. ~ .......... 224.55 323.75 205. 167.09 193.3 
N; Nitrogen, ......... ~ ........ : ..... : ............... 2.2 0.1 0.05 0.1 

Combined 
Si,O., Silica ........................... : .... : ....... 14.6 6.00 8.Q 7.6 
Fe,O. and Al,O., 

14.0 ' Ferric oxide and alumiila ... : ........ 0.6 ' 3.00 2. - 8'.6 
NaGl and KCl, 
S~di~ .a:nd pota~~ium chloride: ... : 2?1 198.90 .239. , ~3.1 · 23.1 

CalCIUm carbonate ................... : ........ 3.4 0.00 165.2 81.9 
Magnesium carbonate .......... __ ..... _--_ ... _--- 235.4 161.90 160.8 140.7 
Calcium sulphate --.-... -- .. ---._ ... ----------_ ... 316.2 455.90 235.3 270.8 

In matters of engineering it is not my province to advise. The 
su~gestions offered from ~he viewpoin~ of the geologist .may, I 
trust; make somewhat eaSIer your choIce between the dIfferent 
sources of- supply as you weigh their advantages and disadvant­
ages, their relative cost of installment, their permanence and l30st 
of upkeep. ' .' . ,. . .. 

In ac~o'~danc~ with the tenor of the abQve r.~po~t 'and the recom­
mendation of Assistant State Geologist 'Lees and Dr. Kime of 
the County Medical A sociation, the city abandoned the filtration 
project and turned to the development of the artesian system. 
Well no. 1 was cleaned to depth of 1247 feet, which left it footing , 
in the Galena limestone. In October, 1919, five of the wells were 
tested with the air lift with the following results: 

Well 
Natural Flow, 

G.P. M. 
No. I................................ 300 

' No.2 ............... _............... 55 
No. 3*................................ 350 
No. 4 ............... _............... 7 
No. 5*................................ 10 
No. 6................................ 90 
No.7................................ ·20 

Total .......... : .............. . 832 

* Not tested with air lift. 

Air Lift Discharge, 
G. P. M. 

600 
200 

60 

250 
80 

1190 

Drop, 
Feet 

50 
140 

135 

75 
135 

= 
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The' judgment of the report as ' to the adequacy 'of ,the existing' 
wells was thus verified. ' Five, of ,the wells under the air-lift,' sup­
plemented by the ' natural flow , of no.' 3, 'could' 'supply 2,793,000 
gallons per diem; over'a million gallons in excess. of the peak con­
sumption. 

In 1921 well no'. 3, 8 inches in diameter, was abandoned and on 
its site a' new well was drilled with a diameter of 17 inches ' and, a 
natural flow of 750 gallons per minute. 

After four years of successful use of t~e air lift it appeared in 
1923, that it could be economIcally "dispensed with if the natural 
artesian flow could be increased by drilling ' another well. Ac­
cordingly in 1923 well no. 8 was drilled, yietding a flow of ' '740 
gallons 'per ;minute. 'Since that time wells nos. 1, 3, 6 and 8 have 
furnished 'al(l:rie 'the 'entire city supply. These ' four wells dis­
charge 1480 gallons per minute by natural flow into a two million 
gallon reservoir, from which the water, is picked"up by high 
service pumps. 1" , t, 

City wells nos., 1, 2 and"3 were described''1Ii ' the Underground 
W atet Report of 1912: ' 

City wells nos. 4 and 5 were drilled in 1914 by 'J. J. Becker, of 
Garner, Iowa. 'Well no." 4 has a depth of 400 feet, diameters, 8 
and 6 inches. The principal supply was fouIid at 200 feet; In 
1919 the initiM' head of 20 feet above the curb had 'lowered to 9 
feet and the original flow of 60 gallons per minute had decreased 
to'7. ' 

Well no~ 5 has the same diameters 'as no. 4 and a' depth of 624 
feet. Water' was found at 300 'to 400 feet, With a: 'small vein at 
100 feet. ' . " 

In 1919:, the initial head of.20 feet above the curb and the flow 'of 
48 gallons per minute had diminished 'to 15 feet and 10 gallons. ' 

Wells nos. 6 and 7 were drilled iIi 1916"by 'Thorpe' Bros. of Des 
Moines. Well 'no. 6 has 'a depth of 283 feet and diameters of 10 
and 8 inches: Water was found at 260' f€et and the 'natural dis­
charge was 190 'gallons per minute. ' 

Well no. 7 was drilled on Duck Island; depth 498 feet, diam­
eters, 8 and 6 'inches; water beds, 70-80, ' 315 and '473 feet; The 
initial head was 30 feet and the flow 80 gallons per minute. ' 

'W'ell 'no . .8 was drilled iil:1923 by Thorpe Brbs; Well Co. of Des , ' 
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Moines. The ,depth is 1436 feet, diameters froril16 to 8 inches. 
The principal supply was found at 400 feet, and other water 
beds at 900 ana. 1400 feet. The head is 40 feet above the curb" and 
the discharge is 750 gallons per minute. The temperature is 52· 

. Fahr. and the cost was $18,000. 
At the close of 1928 the city has under favorable consideration 

the installation of a plant for water softening and removal of ' 
the iron. . 

MASON CITY 

Mason City (popUlation 20,065) draws 'from deep wells not 
only an ample pliblic supply, but · also the supply for industrial 
plants and' railways equipped with their private wells. In 1910 
the city obtained from six wells an average of 400,000 ·gallons 
daily with a maximum of 650,000 gallons. These wells were from 
616 to 651 feet in depth and tapped the water beds of the Galena­
Platteville limestones. 

In 1910 it was found necessary to explore the lower water beds 
and city well no. 7 was drilled to the depth of 865 feet, pen~trat­
ing the Shakopee dolomite to a depth of 40 feet. Five wells of 
corporations now drew on the same supplies as the city, the depth 
of these wells ranging from 405 to 816 feet. ' 

As the increasing consumption by the. waterworks and indus­
. trial pl'ants pressed close on a supply apparently overdrawn, it 
was advised by this office to sink an additional well or wells to 
tap the lower waters of the Prairie du Chien arid the Jordan. 
Accordingly city well no. 8 was drilled in 1912 to a depth of 1219 
feet with a delivery of 1200 gallons per minute. In 1913 this 
office was again consulted as to deepening one or mO,re of the 
shallower wells sunk in the reservoir. It was advised to avoid 
interference by drilling at a distance a well of the same depth as 
no. 8, and -well no. 9" drilled in 1913, footing in the Jordan sand­
stone, also proved a capacity of 1200 gallons per mi!lute. , 

The large yield of these. lower aquifers has led to the abandon­
ment of the shallower wells, nos. 1, 2, 3, 4 and 5, and the pulling 
of their equipment. Wells nos. ,6 and 7 have been deepened to 
about 1200 feet and under air together with wells 8 and 9 have a 
combined delivery of 3900 gallons per minute. The city consump-
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tion averages about 1,300,000 gallons daily and under normal de­
mands the entire public supply can be drawn from a single well. 
The city is thus far within its reserves, while railways and indus­
trial plants draw on the artesian water beds by means of nine 

, deep wells. 

SIOUX CITY 

Sioux City (population 71,227) draws its supply from 13 wells, 
from 323 to 341 feet deep and from 16 to 26 inches in diameter. 
The 'aquifer embraces heavy beds of porous sandstone (the Da., 
kota) sealed by beds of clay or shale. (See logs, pp. 326-330.) . 

There are three pumping stations, one of which, the Main 
Street station; is held in reserve. At the Lowell station the wells 
are spaced 600 feet apart. 

The pumping capacity of the individual wells differs, the high­
est being 3,000,000 g.p.d. Together they meet an average daily 
consumption (Venturi meter) of 6,000,000 g.p.d. and a maximum 
consumption of 13,000;000 g.p.d. ' 

The 'present static level is 40 feet below the surface and is re­
ported (1927) as falling at the rate of four inches yearly. In 

,1921 the recession for the previous 14 years w~s stated to be 'at 
the rate of one font per year. 

WATERLOO 

Waterloo (pqpulation 36,230) draws its water supply exclusive­
ly (1927) fro,m four deep wells. Previous to 1904, the supply was 
drawn from Cedar river, when a severe epidemic of typhoid 
fever traced to the city water led t~ tb.e abandonment of the 
filtration plant and, on the advice of this office after a careful 
survey, to the installation of artesian wells. Wells no. 1, su~ in 
1905, no. 2 (1907) and no. 3 (1911) are described in the writer's 
report of 1912. The' description of wells nos. 4 and 5 will be 
found on pages 350-353 of the present ·report. 

Well no. 1 has been abandoned because of "a chemical condi­
tion of the soil, causing casing to deteriorate so rapidly that it 
was cheaper to drill a new well in another location," A,nother 
report assigns infection as the cause. No trouble of this kind has '.· 
occurred with the other wells. 

.. 



. . 

92 DEEP WELLS OF IOWA' 

The four wells · now in. USH are located on 'a' practically straight 
line a~out 5700 feet in length'. The tested capacity at present of 
the four: is .more·than 5,000,000 gallons dailywhile the peak con­
sumption is but 3,000,000 gallons and the average daily consump- . 
tion 1,500,000 gallons. The industrial plants of the city largely 
make use of the river water for boiler supply. 

The usual lowering of the initia'l ' static level has taken place. 
In well no. 1 ·(1905) this lev.el was found at 20 feet above the 
curb. In well .no; 4, drilled nine years ·later, the head had fallen, 
but was still above ,the surface . . vVell no. 5 (1922) failed to ·flow. 
The static level in 1927 1S -reported at 40 feet belbw the curb for 
wells' nos'. 2 ;8:nd 3 and 34 feet for well no.· 4, while 'for well,no: 5, 
whose curb is 8 feet higher, the static level apparently' since its 

. drilling has been 50 feet below the surface, ' 
Since the above was ' written well no. 6 has· 'been completed 

(December, 1928) and will be found described on 'page 352; 
~ "" • R • 

CEDAR RAPID.S 

'The city of Cedar Rapids, p:opulation 56,000, has a daily; aver­
age consumption (1927) of 4,237,357 gallons, a daily average 
per capita cons~ption of ~O gallons, and a maximum daily con­
sumption of 6,462,120 gallons. 

While the main supply of Cedar Rapids is obtained from Cedar 
river, it has also been drawn largely from deep wells, and a sup-
ply froIl!- shallow wells has recently been under · consideration. .~ 
The water supply question of the city is at present . writing still 
undecided, but it is believed that its experiences With different 
supplies are of sufficient value to warrant their relation here at 
some length. 

Tpe ·first public supply .of the city, '1875-1888, was taken from 
a filter well on the . river bank. In 1888 three artesian 5 inch 
wells were drilled .from 144 to 160 feet apart at the apices of a 
triangle. The first of thes.e wells was sunk to a' depth .0£1 2225 feet, 
r.eaching the Sioux quartzite, and thus piercing all the Cambrian 
aquifers . . As a salty and corrosive water entered the well some­
where below 1450 feet, ' the. well was plugged· at that depth:in·1894. 
The other wells · were 1450 'feet .deep, footing· in the Jordan sand­
stone, and no artesian since drille~ has :ventured below that aqui .. 
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fer. Unlike Dubuque and Clinton, Cedar Rapids is tp.u~ unable 
to draw on the deeper Ca,mbrian water beds. · ~ortunately th~ 
Jordan sandstone here is thick and genE:lr9us in yielq.: . 

The initial head of the Jordan water. was 761 feet above sea 
level, 28 feet above the curb. The discharge was,250 g.p.m~ from . 
each well by flow under its own pre'ssure. 

In 1894 an artesian well, drilled fo~ the Y. M: C. A.to the sam.e 
depth as the city wells, showed ·a head of but 735% ,fe~t above 
sea level. The flow of the city wells had now for some years been 
insufficient~ and had been supplemented by raw river water. The 
water company had also .lost much of its manufacturing patron­
age because of the hardness of the water. It was therefore de­
cided not to ' further 'extend the deep well supply, but tq seek ,a 
main supply from the river, continuing the de.ep wells only tq 
supplement it. A mechanical filter plant was erected in 1895-6 
at the site of the three deep wells. Had it then been known that 
deep 'wells could easily be made to yield 1000 g.p.m. at Cedar 
Rapids the decision might have been different. 

By 1911 waterworks well no. 3 had been abandoned, the head 
of the city wells had fallen to 2 feet below the curb and their 
yield each to 150 g.p.m. The capacity of the filter plant was 
10,000,000 g.p.d. apd the average daily consumption 2,500,000 
gallons. The deep wells were still used, as they are used today, 
chiefly when filtration is made more difficult or unsatisfactory, as 
during spring floods and .the heat of summer. 

In 1914, perhaps owjng to dissatisfaction with river water, a 
tentative move toward an artesian supply was made by drilling, 
on the West Side, city well no. 4, 1591 feet deep, and 10 inches in 
diameter at bottom. The initial head of this well was 721 feet 
above sea level, 15 feet below the curb, about the head of Sjlurian 
waters in several wells. This well is. now pumped by a vertical 
rotary pump and yields 1055 g.p.m., ~ith the pump at 84 feet. 
The draw down is not known as the well is closed by the pump 
head, but of. .course can not exceed the limit of the intake. 
, Of the three original city wells situated on the small triangle 

at the waterworks nos. 2 , and 3 are now abandoned owing to 
serious int~rference. Well nO. 1 now shows a static level of 14 
feet below the curb, lowering to 18 feet when the distant deep 
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well .of the , Sinclair Packing C.o. is pumped. It delivers under 
air fr.om 900 t.o 1000 g.p.m. This well and well n.o. 4 n.ow furnish 
ab.out 2,500,000 gall<;ms_daily. . 

A change in water supply has been under careful and th.ought­
ful c.onsiderati.on by the .officials .of the city and under vehement 
dlscussi.on by the pe.ople and th~ press since 1926. The filtrati.on 
plant is .old and must be rebuilt s.o.on if the river is c.ontinued as 
the main supply. 

As shall.ow wells were under advisement in Oct.ober, 1926, the 
writer was c.onsulted as t.o the pr.op.ositi.on .of a supply fr.om pro­
p.osed wells ab.out 100 feet in depth tapping sands .of the Cedar 
river fl.o.od plain within the city .on the West Side, wells wh.ose 
sufficiency was guaranteed for .one year. It was then p.ointed .out 
that the chief fact.or in sufficiency is n.ot the capacity .of the reser­
v.oir but the rate .of its replenishment; that the fl.o.od plain, en­
circled by r.ock hills, has little replenishment except fr.om raiIi and 
river; that the fl.o.od plain is largely cut in r.ock and glacial till 
and its water-bearing sands are limited t.o the c.ourse .of a buried 
channeL' IIi case shall.ow wells were t.o be c.onsidered as a supply 
it was advised t.o expl.ore th.or.oughly the p.ossibilities .of the bur­
ied preglacial .or interglacial channel underlying the ·fl.o.od plain 
.of Prairie creek s.outh .of the city with its drainage area .of .over 
200 squ,are miles: The wide c.ontinu.ous fl.o.od plains .of the Cedar 
river ab.ove C.ovingt.on were als.o suggeste!1. 

The test well put d.own by the guaranteeing c.ompany .on the 
West Side fl.o.od plain pr.oved a failure, and several test h.oles 
were then· sunk in the Prairie creek valley, s.ome .of which de-
vel.oped a large fl.ow. . . 

The writer was again called t.o advise in the situati.on and af­
ter a curs.ory rec.onnaissance p.ointed .out the c.omplex nature .of 
. the valley fill and the need .of further tests t.o determine the ex­
tent and thickness and capacity .of the water beds. .. . 

The City n.ow empl.oyed Pr.ofess.or H.oward E . Simps.on .of the . 
University .of N .orth Dak.ota, Water ge.ol.ogist .of that state, and 
c.onsulting expert .on municipal supply, t.o make' Ii c.omplete 
gr.ound water survey. His rep.ort .of December, 1927, discusses 
fully five l.ocal s.ources .of gr.ound water and als.o Cedar river. 
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The following synopsis of Simpson's report is as far as pos­
sible in excerpts. 

,· 1 Springs. A supply from the springs north ·of the city and 
on Indian creek rising from Devonian, limestone is inadequate as 
the maximum supply available ' is 3,000,000 gallons daily. In 
common with all springs they are Hable to surface contamina­
tion. When dra'Yn off in large amounts by collecting bas'ins and 
galleries, it would be necessary to watch the supply very care­
fully and take frequent sanitary analyses. 

2 The Silurian limestone. A number of wells in the city foot 
I in Silurian limestone at depths. of from 150 to 450 feet. Their · ' 

head is from 15 to 30 feet below the curb and their yield, depend­
ing in part on size of well and pump, reaches a maximum of 600 
g.p.m. But no quantity sufficient for city supp~y could be taken 
without greatly lowering the head, drawing in shallow and prob­
ably contaminated water and endangering the supply. This 
source in Cedar Rapids should remain for industrial uses, .where 
a cheap, cold, sanitary water is highly desirable. . ' 

3 The Cedar River Gravels. The gravels of the flood 'plain 
up river about Palo are probably the largest available source of 
a supply of this type to be found in the vicinity. With the growth 
and industrial development of the city these gravels may prove 
to be a most · valuable water supply. Their distance from the 
city, however, makes it inadvisable to give them further consid­
eration at this time. 

The gravels of the buried channel , of the flood plain within the 
city limits are not recommended for sanitary reasons, although 
in some wells they now deliver 1000 g.p.m. continuous service. 
There is no impervious clay cover and the river iIi. some places 
at least, flows in a bed cut directly in this gravel deposit. This 
water is, however, highly satisfactory for cooling purposes, for 
which it is chiefly used, sjnce it is the coldest water available and 
the most economical to pump. Its temperature is reported at 
4So to 52° F., depending in part on the. season and the amount of 
pump age. The fact, that heavy pumping sometimes runs the 
temperature up as high as 56° or 58° F. in certain of these wens 
clearly indicates that very shallow waters, possibly from the 

\ . 
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river itself; are drawn · down into' the ' intake under the heavy 
pump age of summer . . The taking .of this supply within or below 
the, ci.ty ,'Y.Qulq n~cessitl:t~~ ,treat'lnent ,to ,make it saf~ fo:r; public 
use. ; H 'Yould offe~ litt,1e. aqva:qtag~ o~er. river wate:r; ' anq should 
be, considered only as an ,alternative of the river itself. . 

. I' r,. . . ' . ", , . ; ,t ' 

'The Prairie Creek Gravels . . A very complete survey was 
made by Simpson of the' Prairie creek flood plain and its ancient 
buried' channeL The ' character 'of the :fill 'is indicated by the 'log 
of test hole no. 17: 

THICKNESS 
, iMATEI/JAL !. FEET ·' ' 

~~;E:~~!:~~i:::::;::::::~:::::~:::::::::::~::~·::;::::::::=:::~:::::::::::::::::~;::;:::: i~ , 
~:tt 'bi~T6i"~y':::::::~::::::::~:::::: : :::::::::::::::::::::::,::::::::::::::::::::::::::::=::: . 6g 
Blue. clay .. c •• : ................... , .. , .• , ................. , ................... _, ........... ~......... 28 

~!: ::l~~~~~ .. ::::::::::::::::::::::::::::::::::::::::::::::::~:::::::=:::::::~::::~:::::::: 4~ " 
g~:~esa:r~:e~d:.:~.~~.~~ .. ::::::::::::::~::~:::::::::::::::::::::::::::::~ :::~~:::::::::::::~ . ~b 
Rock ................ : ........................................ : ........... :: ........ : ............... , ... :.. 1 

,I, . . 

DEPTH 
FEET 

5 
15 
30 
35 
95 ' 

123 
170 ' 
175 
202 
212 

The geological. interpretation by Simpson of this log and of 
the ten samples of material taken from this hole is as follows: 

, . 
THICKNESS 

.~~:;!~:~ ~::!~le~~: .. ~:::::::::::::::::::::::::: : : ::::::::::::::::::::::~::~::::.:~::::::::: 
Kansan boulder clay .. : .. : ..................... _ ..... L .......... : ....... : ..... _ ........ : . 
Aftoni!tn gl:a~el .......................... , ................ : .................................... . , 
Silurian limestone .......................................................................... .. 

FEET 

30 _.' 
5 , 

88 ' 
89 

2 

DEPTH 
• FEET 

30 
35 . 

123 : 
212 
214 I 

Test holes nos. gand' '8 with diameters ' of 5% inches-and 4 
inches~ With static heads of 28 ana. 20.7 feet; flowed on completion 
at the rate of 350 'g.p.ill'. 

The conditions which ' prevail ' in the Prairie creek artesian 
basin are very similar to those of th€i Belle Plaine artesian basin. 
which gave rise to the most famous ' artesian , well in' America, 
the "Belle Plain'e' Jumbo"'. This basin, 'however,is neither as 
large nor as deep' as' tha;t· of Belle Plaine and' we may not expect 
so great a head nor as large ' a yield' as were found there. The 
Prairie creek basin is also a smaller duplicate of that of the Iowa 
river. in the"Amana' colony arid is possibly it part of the' same . 
artesian· system. ", , ' '., 
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The mineral quality of the Prairie creek gravel water is good, 
though it is mode:r;ately hard and unfortunately it appears tp 
carry a larger amount of iron than !iny of the others considered. ~ 
This would at least r!'lq~ire treatment by aeration or otherwise 
for the removal of the iron. The sanitary quality is good, ow­
ing to the thick boulder clay deposited over the Aftonian gravel, 
and there would be no danger of contamination except through 
the well holes. 

The quantity of water passing very slowly down valleyward 
through these Prairie creek sands and gravel is large~ but how 
large is uncertain owing to the number of variable factors, ' the 
extremes of which even cannot be ascertained with accuracy. 
Just how much the yield obtainable may be is the most difficult 
problem encountered in this survey and the only one which can­
not be solved with a reasonable degree of certainty. ~he 

amount, however, is large, amounting at least to several million 
gallons per day. It is possible that these gravels may yield a 
sufficient amount of water for the entire city ~upply. It cannot 
be depended upon as an exclusive source unless proved by fur­
ther testing to yield much larger amounts than have yet been 
demonstrated. ' 

The Deep Artesian Formations offer for the city the best avail­
able source of ground water supply in its natural state. It is an 
excellent drinking water and the only objection to its use from 
the standpoint of quality is its hardness. This is true, however, 
of all available water supplies. Deep ' artesian wells could un­
doubtedly be made to yield an abundant supply for 'the cjty for 
some years to come. The necessary consideration would be the 
number, the size, and the spacing of the wells. With wells fin­
ished at least 12 inches in diameter, and at least one-half mile ; 
apart, a yield of about 1000 g.p.m. per well could undoubtedly be 
secured. . Eight million gallons daily could be secured from six ' 
of these wells. Two wells should be allowed in reserve, making 
eight wells in all. These should be spaced as widely as possible 
and located preferably in the city parks. 

The possibility of deep artesian waters for ~ity supply in 
eastern Iowa is fully demonstrated in Waterloo, Clinton, Du­
buque and other cities. To take the entire supply from deep arte-
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sians; would, however, b~ so great a drain upon the deep artesian 
formations in the immediate vicinity of the city, when continued 
through a long period of years, that it .does not seem advisable 

'on account of cost to make this the exclusive. supply. 
As to Cedar river as a surface water supply Simpson states: 

The quality of the w~ter from the mineral point of view, especial­
ly as respects hardness, is superior to that of any available 
ground water. The average total hardness of'the year as calculat­
ed by the U. S. Geological Survey is 185.8 parts per million, or 
10.$5 grains per gallon, most of which is temporary. The river, 
however, is always polluted; and it must be purified before it is fit 
for domestic use. It may, however, be made entirely safe for 
domestic use at the same time that it is being clarified and soft­
ened, if softening is desired. The chief difficulty in the use of 
river water arises from the fact ~hat the organic matter in the 
water may unite with the chlorine used for purifying the water, 
especially when it is necessary to use this in excess, and form 
certain organic compounds which impart very unpleasant tastes 
and odors to the water. This is e.specially noticeable in warm 
tap water, and water from a surface supply is always warm in 
summer; This warmth, which is frequently above 70' F ., is also 
one of the chief objections to the river water. 

The use of the rivers for se~er. purposes in the past, and in­
creasingly so in the present, is largely depriving the cities of 
this valuable source of water supply. It seems highly probable 
that within the next fifty 'years, possibly within twenty-five, the 
people will abolish the grosser forms of stream pollutiori and 
make this, the most abundant, economical and permanent of all 
water supplies, more readily available for public use. Pollution 
can never be entirely avoided, however, and the organic com­
pounds characteristic of surface waters will necessarily be pres­
ent with their tastes and odors. There is no known way to avoid 
these tastes and odors in surface water supplies. 

The F~tture Supply . . The Industrial Survey recently made by 
the Chamber of Commerce estimates that the population of 
Cedar Rapids in 1950 will be 100,000. The future needs of this 
increased popUlation with its increased industrial needs may 
therefore be anticipated in the selection of a water .supply at the 



TEST "\\-"ELLS IN PRAIRIE CREEK 99 

present time. There should be 8,000,000 gallons per day immed~­
ately available and at least 10,000,000 gallons per day' in sight 
for 1950. 

This future water supply must be bacteriologically pure; it 
should be clear, cool, and free from unpleasant tastes and odors. 
It should also be relatively free from iron in solution and froni 
. corrosive minerals. I believe that the people of Cedar Rapids 
will also say that it should be soft. . 

While it may not be'possibleto meet all these requirements and 
have a perfect water, it is possible to closely approach this ideal 
and that within a very moderate cost. Low cost is only, of less 
importance than quality and quantity, since ' low cost means 
larger Usage and resulting cleanliness and. beauty of the cj ty. , 

A slight increase in cost in order to soften the public supply ' 
is more than repaid in cash to the average hou,seholder in the' 
saving of soap consumption, the repairs of plumbing, the renew­
al of hot · water tanks and ·boilers and above all in the saVing of 
fuel for the heating of water in unscaled and sludge,-free pipes. 
We need not mention what soft water means to the housewife in 
sanitation, comfort and beauty of the home. 

C,edar Rapids may have quality water, clean, soft and abun- -
dant. It is recommended that the decision be first made whether 

. the future water supply will be hard or soft. If the water is 
used without softening it is recommended that deep artesian 
formations be utilized as the primary source and the Prairie ' 
creek gravels as a secendary source. If soft water is desired 
any supply should be softened to about 138 parts per million 
;1nd it is recommended that the Prairie creek gravels' be selected . 
as the primary source, provided on further prospecting and de­
velopment it be found to yield in excess of 5,000,000 gallons per 
day, and that deep artesian wells be continued as a supple­
mentary supply. . 
, In ~ccordance with specifications in the report of Professor 
Simpson another trial well was sunk iri the Prairie creel;: valley. 
This well, 180 feet 'deep, was 24 inches in diameter. It yielded i 

under the pump 1.,500,000 gallons 'Per day for 30 days· With a d~Blw 
down to 36 feet below the surface, or 42 fe~t below stati(' level. 
.By increasing the speed of the pump a discharge was obtained of 
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2,000,000 gallons per day for three weeks with a draw down to 
55 feet below the surface of the ground. 

Water was not struck in this test well until after an election 
was held as to a proposed bond issue for new water works. The 
proposition failed to carry. The firm of Alvord, ,Burdick, and' 
Howson of Chicago was' now employed as engineering experts; 
In their report it is stated as to the artesian supply: 

"The entire region about Cedar Rapids is underlaid with 
water-bearing sandstones capable of yielding a supply adequate 
for , either present or future needs if the wells are sufficiently dis­
tributed. The water is hard but could be readily softened." 

As to the Prairie creek gravels as the source of the city supply 
this firm of engineers was less optimistic. "We have made a 
two months t€)st of the J Street well (the last one drilled) and 
have observed the effect on the water levels in that well and 
others as far distant as two and one-half miles. From the data 
thus secured we conclude that the Prairie creek sands are too 
limited to furnish an adequate supply unless possibly by locating 
a number of pumping stations at intervals of several miles. We 
do not consider this a practicable source of supply for present 
and .probable future requirements of Cedar Rapids." The re­
quirements of the city had already been placed by the firm at 
12,000,000 gallons per day, to supply the maximum consumption , 
of ten years hence. 

' The firm therefore recommended 'that the existirig pl~nt be 
abandoned and a., modern' plant be built up valley opposite Ellis 
Park at a total expenditure, exclusive of land, of $640,000. Their 
estimate as to the costs of the supplies considered is as follows, ' 
each to' be used as sole supply. 

SUP~LY FIRST CoST 
Deep wells ___________ ___________________________________________________________________ $. 885,000 
Prairie Creek gravels ________ ______ _____ _____________________ _________________ 1,250,000 
Cedar River, steam _ .. ___ ... __ ........ __ ... _ ..... : . ., .. : ... _______ ____ : __ c____ ____ 864,000 
Cedar , River! electricjt:r __________ ___ '________________________ ___ _____________ 640,000 

ANNUAL COST 

$168,850 
, 2QO,000 

131,000 
111,000 

In November, 1928, the City in an election approved the issue of 
bonds, for $660,000 'for the proposed new water works. ' 

• 
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ANALYSES OF WATER AVAILABLE FOR PUBLIC ' SUPPLY AT 
CEDAR RAPIDS 

~he following analyses were made in December, 1927, for Pro­
fessor Howard E. Simpson by Professor G. A. Abbott, head of 
the Department of Chemistry, University of North Dakota. 
rrhey are reproduced here with permission because of their value 
as an addition to our knowledge of the chemistry of Iowa waters. 

Analyses of Waters from Cedar Rapids 

Laboratory Number 2340. No. 1. Testhole no. 9. South side Prairie Creek. 
. Artesian gravel. Depth 212 feet. 

PARTS 
PER MILLION 

Residue on evaporation .......... 320 
Alkalinity to phenolphthalein None 
Total alkalinity (as CaCO.).:.. 278 
Total hardness (as CaCO,) ....... 278 
Temporary hardness ................ 278 
Permanent hardness ... _ ...... _... 0 

PARTS 
PER MILLION 

Sodium (Na) ............................ 5.06 
Calcium (Ca) .......................... 38.80 · 
Magnesium (Mg) ..... _............. 43.46 
Iron (Fe) ................... _............. 1.40 
Chlorine (01) ............................ 7.80 
Carbonate (CO.) ...................... 166.80 
Sulphate (SO.) .... ,................... Trace 

Hypothetical Combinations 
Sodium chloride (NaCl) 
Calcium carbonate (CaCO.) .... 

12.87 Magnesium carbonate (MgCO,) 152.04 
97.00 . Iron oxide (Fe-O, ) .................. 1.62 

A water of only moderate hardness, practically all of which is carbonate or "tem· 
porary" hardness. It is slightly corrosive, owing to the release of car.bonic acid on 
boiling. In a boiler it would produce.a sludge rather than a hard scale. It could be 
softened by boiling, or by addition .of a little hydrated lime. I have reported the 
calcium and magnesium as carbonates, but they really exist in the water in the form 
of bicarbonates, which are decomposed by boiling. 

LaboratOTY Number 2342. No. 3. City Waterworks Well No. 4. West . Side 

Artesian. Depth 1450 feet. 

PARTS 
PER MILLION 

Residue on evaporation .......... 642 
Alkalinity to phenolphthAlein None 
Total alkalinity (as CaCO.).... 285 
Total hardness (as CaCO.) ...... 323.5 
Temporary hardness ................ 285 
Permanent hardness ................ 38.5 

PARTS 
PER MILLION 

Sodium (Na) ............................ 123.81 
Calcium (Ca) ............................ 71.56 
Magnesium (Mg) .................... 34.51 
Iron (Fe) .................................. 0.10 
Chlorine (01) ............................ 24.00 
Carbonate (CO.) ...................... 171.00 
Sulphate (SO.) ...................... 248.12 

Hypothetical Combinations 
Sodium chloride (NaOl) 
!3odium sulphate (Na,SO. ) .... .. 
Calcium carbonate (CaCO.) .. .. 

39.54 Magnesium carbonate (MgCO.) 
314.53 Magnesium sulphate (MgSO.) 
178.90 Iron ox~de (Fe.O.) ................. . 

89.46 
44.70 

0.14 . 

A moderately hard water, somewhat corrosive. but non·scale forming; High in 
total solids due to a large amount of sodium sulphate. 
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Laboratory Number 2343. No. '4. Penick and Ford Company 429 foot well. 

Silurian limestone. 

PARTS 
PER MILLION 

Residue on evaporation .......... 434, 
Alkaliriity to phenolphthalein None 
Total alkalinity (as CaCO.).... 285 
Total hardness (as CaCO.) ...... 316 
Temporary hardness ................ 285 
Permanent hardness ................ 31 

PARTS 
PER MILLION 

Sodium (Na) ............... _ ........ _. . 41.89 
Calcium (Ca) ... _....................... 84.20 
Magnesium (Mg) .................... 25.33 
Iron (Fe) ......................... _....... 0.20 
Chlorine (CI) ............................ 30.00 
Carbonate (CO.) ........... _......... 171.00 
Sulphate (SO.) ............. __ .. :.... 46.91 

Hypothetical Combinations 
Sodium chloride (NaCI) . 49.14 Magnesium carbonate (MgCO.) 89.40 
Sodium sulphate (Na.SO.)...... 25.27 Magnesium sulphate (MgSO.) 37.26 
Calcium carbonate (CaCO.).... 210.50 Iron oxide (Fe,O.) ... _........... , 0.28 

Moderately hard water. Nearly all of the hardness due to calcium bicarbonate 
and removable by boiling. Slightly corrosive, owing t9 release of carbonic acid on 
boiling. Low in iron. Should give a sludge or soft scale. in a boiler. . , 

Laboratory Number 2344. No.5. City Waterworks Well No.1. Station Well. 

Depth 1450 feet. 

PARTS PARTS 
PER MILLION PER MILLION 

Residue on evaporation .......... 731 Sodium (Na) ......... _................. 75.14 
Alkalinity to phenolphthalein None Calcium (Ca) ... _ ........ _............. 105.24 
Total alkalinity (as CaCO.) .... 285.0 Magnesium (Mg) ... _............... 46.95 
Total hardness (as CaCO.) ...... 480.6 Iron (Fe) ..... _ ........ _ .. _........... Trace 
Temporary hardness ... __ ......... 285.0 
Permanent hardness ................ 195.6 

Chlorine (Cl) ................. _......... 52.48 
Carbonate (CO.) ............... _..... 171.00 
Sulphate (SO.) ............... _....... 239.18 

Hypothetical Combinations 
Sodium chloride (NaCl) 86.58 Magnesium carbonate(MgCO.) 18.39 

208.50 
Trace 

Sodium sulphate. (Na.SO.) .... ~. 106.99 Magnesiuin sulphate (Mg,SO.) 
Calcium carbonate (CaCO.) ... . 263.10 Iron oxide (Fe,O.) ................. . 

A very hard water. Forty per cent of the hardness is permanent hardness. A 
\corrosive, scale forming water requiring softening to make it suitable for public 

. supply. 

Laboratory Number 2346. No.7. Sinclair Packing Coinpany gravel ·well. 

Depth 72 feet. 

PARTS 
PER MILLION 

Residue on evaporation ... : ...... ,1,469 
Alkalinity to phenolphthalein None 
Total alkalinity (as CaCO.).... 257.0 
Total hardness (as CaCO.)...... 435.5 
Temporary hardness ....... _..... 257.0 
Permanent hardness ........... _... 178.5 

PARTS 
PER MILLION 

Sodium (Na) .......................... 441.78 
Calcium (Ca) .........................• 120.00 
Magnesium (Mg) .................... 33.54 
Iron (Fe) ........... _..................... .60 
Chlorine (Cl) ............................ 603.50 
Carbonate (CO.) _.................. 154.20 

, Sulphate (SO.) ........................ 276.53 
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Hypothetical Combinations 
Sodium chloride (NaOl) .......... 994.50 Calcium sulphate' (CaSO.) ..... . 
Sodium sulphate (Na,SO.).... 155.49 Magnesium sulphate (MgSO.) 

58.48 
162.50 

1.14 Calcium carbonate (CaCO.).... 257.00 Iron oxide (Fe,O.) •................. 

A very hard salty water. The large amount of sodium 'chloride (co=on salt) 
suggests strongly the possibility tha~ the well is receiving surface contamination, 
such as salt from the packing plant. Of course it might come from salt beds, but 
these are usually found at greater depths. The water is too salty for suitable water 
supply. 

Laboratory Number 2347. No.8. Penick and Ford Co. 70 foot gravel well. 
P ARTS PARTS 

PER MILLION 
Residue on evaporation' ....... _... 575 
Alkalinity to .phenolphthalein None . 
Total alkaliruty (as CaCO.) .... 363 
Total hardness (as CaCO.)...... 511.5 

. Temporary hardness ................ 363.0 
Permanent hardness ................ 148.5 

PER MILLION 
Sodium (Na) ......... _ ................ . 
Calcium (Ca) ......................... . 
Magnesium (Mg) ................... . 
Iron (Fe) ................................. . 
Chlorine (Cl) ......................... . 
Carbonate (CO.) ..................... . 
SplpjJ.ate (SO.) ....................... . 

49.68 
155.80 

30.58 
.60 

92.00 
217.80 
120 .. 58 

Hypothetical Combinations 
Sodium chlo,ride (NaCl) 122.44 Magnesium chloride (MgCl,) .. 30.04 

129.60 
.85 

Calcium carbonate (CaCO.) ... . 363.00 Magnesium sulphate (MgSO.) 
Calcium sulphate (CaSO.~ ..... . 36.04 Iron oxide (Fe,O.) ................. . 

High in total solids and ' very hard. Twenty·nine per cent of the hardness is per· 
manent hardness. A .corrosive, scale forming water. Would require softening to 
make it suitable for public supply. ' • 

Laboratory Number 2348. No.9. Marion Springs . . Composite. 
PARTS PARTS 

PER MILLION 
Residue on evaporation "'''''''' 296 . 
Alkalinity to phenolphthalein None 
Total alkalinity (as OaCO.).... 218 
!I'otal' hardness (as CaCO.) ...... 262.5 
Temporary hardness ................ 218 
Permanent 'hardness ......... _..... 44.5 

PER MILLION 
Sodium (Na) ............................ 14.79 
Calcium (Ca) .......................... 69.44 
Magnesium (Mg) .................... 21.40 
Iron (Fe) .................... Practically none 
Chlorine (01) .......................... 6.0'0 
Carbonate (CO.) ...................... 130.80 
Sulphate (SO.) ........................ 20.57 
Iron oxide (Fe,O.) ...... Practically none 

Hypothetical Combinations 
Sodium chloride (NaCl) ........ 9.99 Magnesium carbonate (MgCO.) 37.88. 
Sodium 'sulphate ·(Na,SO.) 33.65 Magnesium sulphate (MgSO.) 53.40 
Calcium carbonate (CaCO.).... 173.60 Iron oxide (Fe,O.) ...... Practically none 

Only moderately hard. Most of the hardness is carbonate or temporary hardness. 
Sludge forming rather than scale forming. Slightly corrosive to boilers. Fairly 
satisfactory for public supply. Could be softened by hydrated lime treatment. 

Laboratory Number 2349. No. 10. McLeod Spring. 
PARTS 

PER MILLION 
Residue on evaporation .......... 281 
Alkalinity to phenolphthalein None 
Total alkalinity (as CaCO.).... 213 
Total hardness (as OaOO.)...... 237.65 
Temporary hardness ... _........... 213 
Permanent hardness ................ 24.65 

PARTS 
PER MILLION 

Sodium (Na) ... _....................... 17.91 
Calcium (Ca) .......................... 71.56 
Magnesium (Mg) ............ _...... 12.67 
Iron (Fe) .................................. None 
Chlorine (Cl) ..... ;...................... 6.00 
Carbonate (CO.) ...................... 127.80 
Sulphate (SO.) ........................ 51.44 
Iron oxide (Fe,O.) ...... _.......... None 
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Hypothetical Combinations 
Sodium chloride (NaCl) ....... ,... 9.88 Sodium sulphate (Na.SO.)...... 43.31 
Calcium carbonate (CaCO.).... ;1.78.90 Iron oxide (Fe,O.) .................. None 
Magnesium carbonate (MgCO.) 24.38 

Very similar to No.9. · Only moderately hard, and most 'of the hardness is tempo· 
rary hardness. Sludge forming rather than scale forming. Slightly corrosive to . 
boilers. Fairly satisfactory for public supply. Could be largely softened by treat· 
ment with hydrated lime. 

Laboratory NUIll:ber 2350. No. 11. Cedar River Water. 

PARTS 
PER MILLION 

Residue on evaporation ......... _. 303 
.Alkalinity to phenolphthalein None 
Total alkalinity (as CaCO.).... 210 
Total hardness (as CaCO.).,._. 241.5 
Temporary hardness ................ 210 
Permanent hardness ................ 31.5 

PARTS 
PER MILLION 

Sodium (Na).......................... .71 
Calcium (Ca) .................. ,....... 71.56 
Magnesium (Mg) ................... ~. 32.04 
Iron (Fe) ................................ .60 
Chlorine (Cl) ........................... , 24.00 
Carbonate (CO.) ......... _ .... _ ... " 126.00 
Sulphate (SO.) ..... _................. 67.07 
Iron oxide (Fe.O.) .................. .85 

Hypothetical Combinations 
Sodium chloride (NaCl) .......... 1.81 Magnesium carbonate (MgCO.) 26.46 
Calcium carbonate (CaCO.) .... ·178.90 Magnesium sulphate (.MgSO.) 83.70 
Magnesium chloride (MgCl.).. 30.64 Iron oxide (Fe.O.) .................. .85 

This river water is only moderately hard, most of the hardness being temporary. 
It is fairly high in iron. It is somewhat corrosive, due to magnesium chloride. .A. 
sanitary analysis would probably show that the water is somewhat polluted with or· 
ganic matter and bacteria and it would probably require 1iltration or sterilization to 
render it ~t for public supply . 

. Deseri ptions of D·eep Wells 

ALGONA 
(.lI.ltitude 1£04 f eet, C. if N. Ry.*) 

CITY WELL NO.3 

The third well for the' city of Algona was put down by Thorpe 
Brothers Well Company of Des Moines in 1924-25. The depth is 
1885 feet. Water was found from 250 to 300 feet in limestone, 
probably Mississippian in age, and from 500 to 650 feet in the 
Galena-Platteville limestones, yielding in a test at 800 feet 150 
gllllons per minute. The main supply was obtained from the 
~hakopee dolomite at 1063 feet and from the horizon of the J or­
dan from 1240 to 1270. 

The static level of the water in the well is 100 feet below the 
surface of the ground. The well pumps 200 ga,llons 'per minute 
with the pumping cylinder at 200 feet. Under continuous pump­
ing at this rate there is a draw down of 100 feet . . 

* Slight differences between altitudes of towns and of wells are due to the use of later data 
for the towns. See Ia. Geol. Survey. vol. XXXII. 
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Twelve inch casing extends to 206 feet and is succeeded by 958 
1 feet of 10 mch casing and 741 feet of 8 inch casing. The casing 
is perforated at the water beds. The cost of the well is approxi-
mately $22,000. . 

When the well had reached the depth of about 1700 feet this 
office was consulted as to going deeper. In reply it was stated 
that it was highly improbable that another water' bed would be 
found. "You may strike the red clastic series anywp.ere from 
the present bottom of the well to 1800 feet, or granite anywhere 
between where you are now and 200b feet. " , 'If you should take 
th(' gambler's chance and go on, stop when you come to the red 
clastics.,-red shales and sandstones-or to the granite." The 
advice to stop was repeated when at 1810 feet the red clastics 
were struck. 

N ohvithstanding these advices, the work was continued and as 
the red series proved unexpect~dly thin (its thickness north of 
Algona in Minnesota measures 200 feet) granite was reached at 
1830 feet. This obdurate rock was entered to the depth of 55 

. feet. The rate of drilling from 1812 to 1860 feet, 1.8 feet per 
hour, indicates some secular decay of the ancient land surface to a 
depth of at least 30 feet. From 1860 to 1885 feet the rate fell to 
6 inches per hour in the sounder rock. 

Recoro of Strata , 
. DEPTH I N FEET 

Pleistocene and Recent (13'0 feet thick; top 1200 feet above sea level) : 
, , Yellow clay" ..................... ................... _........................................................... 0-35 
"Black clay" .......... c ...•••••.•.•••••.•• : ••••...•.••••••• _ •••••.•••••• _....................................... 35-130 

Cretace us (71 feet thick; top 1070 feet above sea level) : 
, 'Fine sands'tone" ............................... _............................................................. 130-186 
"Limestone" .............................................. : ......................................................... 186-191 
, 'Red shale" ............................................. _ .. _..................................................... ] 91-201 

Mississipp'ian, Devonian f, Silurian? (209 feet thick; top 999 feet above 
sea level) : 

"Limestone" ........................................................... _ ...................... _ ................... 201-·204 
Limestone, reddish buff, saccharoidal, rather slow effervescence in cold 

dilute HC1 ......................................... _ .............................. _ ....................... 204-212 
Limestone, gray, compact, some pinkish, some whitish, rapid and mod· 

erately rapid effervescence ................................................... _ ................. 213-223 
Limestone, brownish drab, rapid effervescence, in flaky chips ... _ ............. 223-23_5 
Dolomite, gray, crystals of calcite; bright green shale in large chips; 

. some white chert .................................................................................... _. 235-250 
Limestone, light yellow and gray, rather slow effervescence ..................... 250-270 
Limestone, dark gray, rather slow reaction; some limestone with rapid 

effervescence ................................................................................................ 270-325 
Dolomite, drab, compact; '2 samples (darker from 360-400) .................. 325-400 
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Ordovician: 
Maquoketa (40 feet thick; top 800 feet above sea level)-

Shale, greenisht calcareous, in concreted masses : ................... :............. 400--440 
Galena to Glenwooa inclusive (480 feet thick; top 760 feet above sea 

level)- . , ' , 
Limestone, gray, ,earthy, argillaceous, rapid effervescence; _shale ... _ 440-460 
Limestone, drab and light yellow, rapid reaction .... , ......................... 460--495 
Limestone, blue gray, argillaceous, rather slow effervescence; much 

white chert ......................................................................................... : 495-550 
Limestone, rather slow response to acid; blue gray ............................ 550-665 
Limestone, light buff, rather slow response .................. , ..................... 665-715 
Shale, light ~lue; cuttings of limestone; residue of min,ute quartz· 

ose particles ......................................................................... _ ......... _... 800-820 
Shale, dark greenish, calcareous, in hard concreted masses ................ 820~860 
Shale, as at 800 ............................................................... , ........................ 860-870 
Shale, as at; 820 .......................................................................................... 870-890 
Shale, greenish, fissile ................................... ~ ............... _ ......................... 890-900 
Shale, as at 820 ................................................................ : .... , ................. : 900-910 
Limestone, dark drab and light gray, rapid reaction; much green 

'fissile shale; a little quartz sand of well rounded grains .......... 910-920 
Sai1).t Pete'r sandstone (80 feet thick; top 280 feet above sea level)­

Sandstone, fine, white, Saint Peter facies; with some green fissile 
shale ................................................................................................. ,.. 920-940 

Shale, green ........ ' ........................................................... _ ........ :.................. 940-950 
Sandstone, fine, rusted ............................................................. , ............. .,.. 950-960 
Sandstone, blue'gray, fine, grains well rounded, highly argillaceous 

with concreting powder; 2 samples ................................... : ........... 960-1000 
Shakopee (90 feet thick; top 200 feet above sea level)-

Dolomite, with much quartz sand .......................................................... 1000-1010 
Dolomite and shale; in concreted masses of powder and fine chips; 

much quartz sand ........... _ ...................... _ .............. _ ......................... 1010-1020 · 
Dolomite, light gray; much quartz sand .............................................. 1020-1030 
Dolomite, gray, in small chips ..................... , ... _ ..................................... 1030-1040 
Dolomite, gray, vesicular; siliceous oolite; sandstone white, fine .... 1040-1050 
Dolomite, light gray; 3 samples ... _ .................................................... _.1050-1090 

New Richmond (70 feet thick; top 110 feet above sea level)-
Sandstone, fine, white, larger grains well rounded; some flakes of 

calciferous sandstone at 1100; 3 samples ...................................... 1090-1120 
Dolomite, light drab, in minute chips; quartz sand and powder of 

shale; 2 samples ............................................................................. d120-1140 
Sandstone, vel'Y fine, buff, calciferous ... : ................. _ ......................... ,.1140-1150 
Sandstone, white, fine, rounded grains ......................... _ ........................ 1150-1160 

Oneota (90 feet thick; top 40 feet above sea level)-
Dolomite, light yellow· gray and gray, dral:> at 1210·1230; 8 sam· 

pIes ..................................................................................... _ ............. 1160-1250 
Cambrian: 

Jordan sandstone (90 feet thick; top 50 feet below sea level)­
Sandstone, white, fine, larger grains well rounded; fragments of 

arenaceous dolomite; shale .............................................................. 1250-1260 
Sandstone, with much dolo!lrite in fine powder; 2 samples .............. 1260-1280 
Sandstone, white, clean, fine, larger grains rounded; 2 samples ...... 1280-13·00 
Sandstone, whitish, fine; much microscopic angular quartzose mao 

terial and dolomitic powder .............. _ ............................................. 1300-1320 
Sandstone, gray, fine, rounded grains; 2 samples .............................. 1320-1340 

Saint'Lawrence-- . 
Trempealeau (50 feet thick; top 140 feet below sea level)-

Dolomite, buff, iIi powder; some quartz sand .............................. 1340-1350 
Dolomite, gray, in fine chips .......................................................... 1350-1360 
Dolomite, argillo·arenaceous, in concreted masses ............. _ ....... 1360-1370 
Dolomite, gray, hard, in small chips concreted with argillo' . 

• calcareous powder in light blue· gray masses ...................... 1370-1380 
Dolomite, light blue· gray, argillaceous ........................................ 1380-1390 
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Franconia (160 feet thick; top 190 feet below sea level)­
Dolomite, gray, in chips and sand; highly glauconitic; with 

argillo-calcareous powder ________________________________________________________ 1390-1400 
Dolomite, glauconitic; 2 samples ____________________________________________________ 1400-1420 
Shale; light greenish, highly quartzose and dolomitic, glau-

conitic, quartzose matter minute and angular, in concreted 
" powder and chips; 7 samples _____________________________ .. _ .. __ ... __ . __ . ___ .. 1420-":1500 

Shale, greenisJ:; and light purplish; slightly dolomitic; 5 sam-
ples ...... __ ...... _ ... ___ . __ . ____ . ___ .... __ .... ___ .... __ ... __ . __ : .. __ .. ____ ... _. __ ._ .. _ .. ___ ._ .. _1500-1550 

Dresbach (30 feet thick; top 350 feet below sea level)- ' 
Sandstone, white and gray, fine, largel\ grains rounded, some green, 

paper shale and glauconite at 1550; 3 samples ._ ... __ ...... ,_: ... ___ ._ .. __ 1550-1580 
Enu Claire (230 feet thiflk; top 380 feet below sea level)-

Sandstone, light greenish yellow, argillaceous, calciferous; 2 sam-
ples . ___ .. __ .. ____ ._ .. _. __ . ____ . __ . ___ ... ___ ..... _ .... : ________ . __ ._. ___ ._. ____ . __________ ............... 1580-1600 

Sandstone, very fine, imperfectly rounded grains ........................... __ .1600-1610 
Sandstone, as above, light greeJ),ish yellow, a!"gillaceous; 2 samples .. 1610-1630 
Shale, light blue, slightly calcareous ...... _ ....... __ ...... _._._ .................. __ ... 1630-1640 
Shale, dark green, glauconitic,. arenaceous; 2 samples ' ....... ___ ... _ ....... _1640-1660 
Shale, blue and 'green, plastic, at 1710 glauconitic and minutely 

arenaceous; 8 samples ....... _ ..... _ ................. ___ ......... __ ......... _ ....... _ ..... __ 1660-1730 
"Shale, blue"; no samples .. _ ................ _ ................. __ ............ __ ........... _ ... __ .. 1730-1770 

Sandstone, buff, fine· grained, in sand; some chips of soft light , 
gray sandstone, as below _ ........................................ _ ........ _ .... _ ........ 1770-1780 

Sandstone, gray rather soft, of microscopic angular particles of 
, quartz, argillaceous, slightly calcareous, in chips .............. _ ......... 1780-1790 

Shale, green·gray, non-calcareous, in hard concreted masses ........ _ ... 1800-1810 
Red Clastic series (20 feet thick; top 610 f eet below sea level)-

Sandstone, red and reddish brown, some grains 2 mm. in diameter, 
of clear quartz, surface stained; some black round grains, non­
crystalline, harder than glass, opaque, brownish when pulver-
ized; 3 samples __ ..... __ ................. .......... _ .... _ ....... _ .......... _ .......... _ ......... 1810-1830 

Archean (penetrated 55 feet; top 630 feet below sea level): 
Granite, or arkose, in fine tiand of reddish feldspar, angular grains of 

quartz, and black. mica; some, rounded grains of quartz perhaps 
from above; 3 samples .............. _ .. _ ... __ .... _ ............ _ ..... _ ............... __ ........ ___ 1830-1860 

Granite: quartz, orthoclase feldspar, biotite mica.._ ........ _ ....... _ ........... _ ..... 1860-1885 

Driller'8 Log 

DEPTH IN FEET 
Yellow clay.................................. '0-35 
Black clay __ .......... _ ...... __ ............... 35-130 
Fine sandstone ... _ ..... __ ................ _ 130-186 
Limestone .. _ ........... _ ...... _ ............. 186_191 
Shale, red ........ _ ....... ~ ........ ___ ....... 191- 201 
Limestone ... _ ........... _ ... __ ...... _ ....... 201-223 
Shale .............. __ .... _ ........ ~ ... ,........... 223-225 
Limestone with shale .. _ ... _._ .... ___ . 225-816 
Shale ..... ,. ___ ............ _ ......... _ ........... ~16-833 
Limestone ........•............... __ .......... 833-836 
Shale .................... _ ............... , ....... 836_856 
Limestone ............... _ .............. _.... 856_859 
Shale .... _ ........... __ ... __ ..................... 859-915 
Limestone .................................... 915-920 
Shale ___ ......................................... 920-928 
Sandstone ............... _................... 928-940 
Shale ............................................ 940-950 
Sharp sand _._ ..... _ ......................... 950-960 
Shale and hard sharp sand ._ .... 960-980 
Sandy shale ................................ 980-1020 
Sandy lime .................................. 1020-10~8 

" 

DEPTH IN FEET 
Sandstone ................... _ ...... _ ..... _ .. _1038-1063 
Limestone •........ _ ......................... 1063-1091 
Sandstone ..... _ ........ _ .................... 1091-1.121 
Limesto'ne ... __ ............. : .... _ ........... 1121-1254 
Sandstone ._._ ................ _ ........... __ .1254-1342 
Shale ............. __ .... _ ....... _ ............... 1342-1360 
Shale ....... _ ................................. _.1360-1380 
Limestone ...... _ .................... _ .. __ ... 1380-1424 
Shale .............. _ ... _ ......................... 1424-1469 
Limestone, very hard .......... _ .. _ .. 1469-1480 
Shale ........ _ ........... _ .. _ .. : .......... __ ..... 1480-1483 
Limestone ............... _ ............. _ ..... 1483-1487 
Shale .. _ ......................................... 1487-1551 
Sandstone _ .................... _ ......... __ .. 1551-1604 
Shale ............... _ .. __ .......... _ ............ 1604-1671 
Shale ...... _ ............ _ ....................... 1671-1756 
S,and rock .... : ............................... 1756_1768 
Lime, brown, sandy .... _ .. _ ..... _ .... 1768- 1785 
Shale, blue ........ _ ........................ 1785-1808 
Red shale, cavy .............. _ ... _ ... __ .1808-1812 
Sandy red rock ......... _ ..... _ ... ~ ....... 1812-1885 
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Mineral Content of City Well, No.9, Algona* 

PARTS PER MILLION 

Bicarbonate ................................................ 456.3 
Chloride ...................................................... 9. . 
Sulfate .............................. ~......................... 146.6 
Silica .......................................................... 8.4 
Fe,O.+Al,O ........ :...................................... 14.8 
Calcium ...................................................... 104.4 

.Magnesium ................................................ 39.6 
Na + K as Na .......................................... 38.5 

Total solids .............. : ... , ................... ,. 589.4 

ALTA, BUENA VISTA COUNTY 
(Altitude 1514 Feet, I. C. ·R. R.) 

The deep well of this city was completed in 1916 by Kiskadden 
and Anderson of State Center. The depth is 1465 feet and the 

. diameters from 12 to 4 inches. A fair supply of water was found 
at 'about 500 or 600 feet. The main water bed was struck at about 
1390 feet, 124 feet above sea level, and probably is the Saint Peter 

,sandstone, since this aquifer would be expected at aqout this , 
depth. The static level is 320 feet below the surface. On pump­
ing there is an almost immediate draw down to 360 feet, where 
the water level remains constant under continuous pumping of 
100 gaLlons per minute. The first pump installed was an air lift 
pump,'but this has been replaced by a double cylinder pump, the 
cylinder hung at a depth of 390 feet. The water is reported as 
" soft." ~ '. 

An ear~ier well 72 feet deep supplies a very hard water at -the 
pumping rate of 46 g.p.m. This well supply is used as far as 
possible on account of the cheaper lift. The cost of the deep well 
was about $6,090 . 

Mineral Content of City Well, Alta* 

P.P.M. 
Bicarbonate ...................................................................... 422.1 
Chloride ............................................................................ 5. 
Sulfate .......................................... :................................... 354.8 
Silica ................................................................................ 13.2 
Fe,O.+Al,O ............... , .................. _ ........ :........................ 4.0 
Calcium ............................................................................ 231.7 
Magnesium ....................... _ ........................................ :.... 33.3 
Na + K as Na .............................................................. 63.2 

Total solids ............... : ....... : ...................................... 916.2 

* Analysis by Dr. Harry F. Lewis, Chemical Laboratory, Cornell CoIlege, Mount Vernon . 1927 • 
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OIL PROSPECT NEAR AUBURN 

ARKEL, MAHASKA COUNTY 
(Altitude 855 f eet, C. tf N. W. By.) 

WELL OF CHICAGO & NORTH WESTERN RAILWAY COMPANY 

Driller 's Log 

109 

D ])PTH IN FEET DEPTH IN FEET 
Soil ......... _._.................................. 0-1 
Yellow clay ._............................... 1-53 
Sand and Gravel ...................... ,. 53-71 
Yellow clay.................................. 71-90 
Blue clay...................................... 90-122 
Yellow gravel and sand .............. 122-124 
Blue clay ......................... _ ....... : ... 124-154 
Shale mixed with sand .............. 154-172 
Limestone ...................... _ ............. 172-198 
Sandstone .................................... 198-203 

, Limestone ..................... _ ............. 203-207 
Sandstone .................................... 207-211 

Limestone ........... , ... _ .... _ .... _ ....... 211-223 
Sandstone .................................... 223-226 
Limestone ..................... _ .... _ ....... 226-230 
Sandstone ............................. :...... 230-241 
Limestone ............................. _ ....• 241-252 
Sandstpne .......................... ,......... 252-255 
Limestone ............................. _ ..... 255-273 
Shale, blue .................................. 273-282 
Limestone ....................... _ ... _..... 282-285 
Blue shale .................... : ............... 285-317 
Limestone ....... , ............................ 317-327 

ARLINGTON, FAYETTE COUNTY 
(Altitude llle f eet, C., M. tf St. P. By.) 

The well drilled for the town of Arlington in 1923 by B. Sharff 
of Oeiwein is 823 feet deep and has diameteFs from 8 to 5% .inch­
es. It is reported that the Saint Peter sandstone was struck at a 
depth of 775 feet . (about 337 feet above sea level) and was 45 feet 
thick. The only other fact that is known of the well is that from 
820 to 823 feet the drill was working in very hard limerock. 

There seems to be some deviation from the normal ' dip of 
strata in this area, as the Saint P eter was estimated to lie about 
400 feet above sea level and was so mapped in the report of 1912 
on the Underground' Water Resources of Iowa . 

. Mineral Content of City .Well, Arlington* 
P.P.M. 

Bicarbonate ........................... _ ......................................... 290.4 
Chloride ................................. _ .. _..................................... 5. 
Sulfate ........................................................... _................. 53.0 
Silica ... , ..... ,,: ............................................. _....................... . 12.2 
Fe,O.+Al,O • ............................................................... ,.... 3 . .2 
Calcium •...................................... _ ...................... _.:......... 72.9 . 
Magnesium ....................... _ ...................................... _..... 21.7 
Na + K as Na ........................................... _ .. :.............. 18.1 . . 

Total solids ..................................... _....................... 331.3 

AUB~, SAC COUNTY 
(Elevation leSe f~et abpve sea level) . 

An oil prospect drilled at the village of Grant City, a mile 
north of Auburn, by Calvin .Reed of 'Bowling Green, Kentucky, 

* Analysis by Harry F. Lewis, Chemical Laboratory, Cornell College, Mount Vernon,1927. 
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was unfinished at the end of 1928. It had then reached the depth 
of 1.315 feet. As the Pennsylvanian shales caved badly, no sam­
ples of the cuttings were saved until the Mississippian limestones 
were struck at 470 feet. The driller's log to this ~epth is as ·fol­
lows: 

DEPTli IN FEET 

Gravel ............................................. , ......................... : ............ :..................................... 0-10 
Shale ......................................................................... _................................................. 10-85 
Glacial sand (water) .... : ................................................... r ........ · .. · ....... · ........ :......... 85-90 
Blue shale ..... ~ ........................................................................... _............................... 90-210 
Black shale ......................................... : ........•.................................... : ........................ . 210-250 
Blue shale .................................................................................................................. 250-450 
Red . shale ...................................................................................... : ............................. 450-455 
Brown sand (water, head 170 feet below curb, would lower by bailing) ...... 455-470 

:Record of strata , 
DEPTH IN FEET 

Mississippian (385 feet thick) : 
Limestone, gray in mass, rapid effervescence in cold dilute HOI; white 

chert ................................................................... _ ....................................... 470-475 
Limestone, drab and gray, fine· crystalline, rather slow effervescence; 

3 samples ........................................................... : ........................................ 475-535 
Limestone, light blue·gray and yellow·gray, rapid effervescence; white 

chert ............................................................................................................ 535-555 
Limestone; buff, fine crystalline· granular, rather slow effervescence ........ 555-560 
Lime~tone, light yellow· gray, calcilutite, rapid effervescence; 3 samples 560-575 
Limestone, light cream color, very fine of grain, in sand, rapid ef· 

fervescence; 5 samples ..................................... _ ..................................... 575-600 
Limestone, gray ... : ........................................... _........................... .................... 600-605 
Limestone, cream color or light yellow· gray, fine· grained or calcilutite, 

rapid effervescence; 11 samples ........... _ ................................................. 605-665 
Limestone, gray ................. ~ ........... , .......................... _ ....................... ............... 665-670 
Limestone, light yellow·gray, fine'grained, rapid effervescence, some slow 670-680 
Dolomite, light yellow· gray; in fine meal; 2 samples.. .. , ..... _ ....................... 680-695 
Dolomite, light brown, in fine sand, speckled white with fine particles of 

chert ................................................................................................... :.. ....... 695-705 
Limestone, gray, rather slow effervescence ..................... _ ....... ~ ................... 705-.710 
Limestone, blue· gray, fine· grained, argillaceous, slow effervescence; 2 

samples ............................................................................................... _ ....... 710-720 
Dolomite, brown; some white chert ......................... _ ..................................... 720-725 
Dolomite, gray; white chert ........................................... : ........ " ....................... 730, 733 
Limestone, gray or blue· gray, slow effervescence; with gray or blue· gray 

chert; 4 samples _._ .............................................................. _ ................... 740-760 
Chert, dark blue· gray and lighter; 4 samples ............................................ 765-780 
Limestone, gray and blue· gray, slow effervescence; chert of same color 785, 790 
Dolomite, yellow· gray, fine crystalline· granular, in sand.......................... 800 
Sandstone, gray, fine irregular grains, calcareous, with brisk efferves· 

cence; limesto:Q.e, light yellow·gray, rapid effervescence .................... 805 
Dolomite, mottled dark and light gray, macro crystalline, siliceous and 

argillaceous residue; shale concreting chips of dolomite into hard 
masses ............................................................. .:............................................. 815 

Dolomite, drab, siliceous, argillaceous, macrocrystalline, in clean chips 820 
Dolomite, very 'light gray, some gray and mottled, very fine grain; 
. 4 samples ._................................................................................................. 825-845 
Shale, green·gray, PYritic, dolomitic, in lumps with fine chips of light 
. gray dolomite; also shale, light gray, soft, noncalcareous, siliceous, 

best seen in fragments fallen from this stratum in samples below 850 



• 

STRATA IN AUBURN WELL 111 

Devonian·Silurian (295 feet thick) : . ', ' . 
Dolomite, light yellow·gray and buff, ~e crystalline-granular; 3 samples 855-865 
Dolomite, light yellow·gray and buff, cryptocrystalline, very slow ef· ' 

fervescence; 8 samples ................................................... _ ....................... 870-905 
/ Dolomite, blue·graY and yellow·gray, as above ..... _ .......... _ ......................... 910-915 

Dolomite; yellow· gray and blue·gray and buff, cryptocrystalline; large 
fragment from 935; dolomite, buff, crYPtocrystalline, with small 
cavities drusy with pearl spar; 7 samples ............................................ 915-945 

Dolomite, light blue· gray, soft, crystalline·earthy, somewhat vesicular; 
pyritic; some drab finely laminated shale .................................. _ ....... 945-955 

Dolomite, buff, gray and yellow·gray, some vesicular; ,5 lIamples ............ 955-980 
Shale, light blue· gray, some drab, calcareous, pyritic, in lumps, inclos· 

, ing 'finechips of light yellow· gray limestone of il'ather sI-ow efferves· 
cence ......................................... _ ........................................ _ ....................... 980-985 

Dolomite, blue· gray, light blue·gray, and drab, rather slow efferves· 
cence'; 6 samples ................................ , ..................................................... ,. 985-1020 

Dolomite, brown and buff; 3 samples .,-: ....................... : ............................... 1030-1050 
. Dolomite, light gray and yellow·gray ....................................................... _ ... 1060, 1070 
Dolomite, brown, crystalline· granular, some in fine meal; 7 samples .... 1085-1140 

Ordovician: 
( Maquoketa ,(60 feet thkk)-

Shale, blue· gray, in chips; with dolomite c,............................................ 1150 
Shale, dark greenish, noncalcareous, in hard masses inclosing chips , 

of buff dolomite ............... : ......................... _ .. ~.. ..... . ..... . .......... ............ 1155 
Shaie, hard, light blue and green; light buff dolomite in fine chips .. 1160, 1170 
Dolomite, . buffish gray mottled darker, argillaceous, mucl?- green 

shale in chips ......... _ ...................... _ ................ _ .......... _................... ' . 1180 
Dolomite, buff, argillaceous, much light blue and green shale in 

chips : ........ _ ................ _ ............ _ .............. _........................................... 1200 
Galena·Platteville (penetrated 105 feet ) -

Dolomite, brown and buff, fine· grained .................................... ~. .......... 1210 
Dolomite, drab and gray, very fine of grain ... _ .... _ .............. _ .... __ ....... 1220, 1230 
Dolomite, light yellow·gray and gray; 6 samples .............................. 1240-1315 

Notes.-This prospect was drilled over the body of Cretaceous 
shales which have been used at Auburn for making clay wares 
and it seems probable that the "shale" of the driller's log from 
10 to 85 feet is Cretaceous, probably Benton, and that the under­
lying" glacial sand" is in reality the Dakota sandstone. Both of 
these formations were recognized by Macbride in his survey of 
Sac county!2& The blue,' black and red shale beneath probably 
is Pennsylvanian. The "brown sand, water bearing", at the 
base of the Pennsylvanian may be compared with the interesting 
brown arkosic sands at the same horizon in the deep well at Man­
son. 

No attempt is made to subdivide the Mississippian. The heavy 
beds of cream-colored calcilutites and fine-grained light gray 
nonmagnesian limestones are noteworthy. The underlying blue 
and gray cherts and argillaceous dolomites from about 700 to 
850 feet may represent the Kinderhook. As to the shale of the 

42& Iowa' Geol. Survey, vol. XVI, pp. 526·581 • 

• 
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Kinderhook the driller reports: ' "We did not get any Kiilder- . 
hook shale to amount to anything; just a few streaks of it a foot 
or two thick." At Rockwell City a sample of shale and dolomite 
is supposed to represent a bed 220 feet thick, footing at about the 
same level, and is referred to the Kinderhook. 

The shaly beds from 1150 to 1210 feet seem to mark the Ma­
quoketa, although .the shale is lithologically different from the 
"mud rock" Maquoketa shale of eastern Iowa. This leaves the 
dolomites 295 feet thick lying between the Maquoketa and the 
Kinderhook horizons to the Devonian-Silurian. Dolomites also 
characterize the strata below the Kinderhook at Rockwell City. 

AUDUBON 
(Altitude 19$5 feet, c. 4- N. W. By.) 

The city well at Audubon was drilled in 1912 by the J. P. Miller 
Artesian Well Company of Chicago. Much water· was found in 
quicksand from 26 to 31 feet and was cased off. At 1510 feet in. 
"blue limestone" above the Maquoketa shale water stood 240 feet 
below the curb and tested 120 gallons per minute with a six-inch 
pump: Some more water with the same head is reported at 1584 
feet in argillaceous dolomite ,below the main body of Maquoketa 
shale. Below this depth more water was found but at what levels 
is not stated. On completion the well pumped 208 gallons per 
minute and the static level had risen to 225 feet from the curb. 

:Reoord of strata in city well, Audubon, with driller's log to 1040 feet 
. DEPTH IN FEET 

Pleistocene and Recent (252 feet thick; top 1300 feet above sea level) : 
, 'C~ay ............... _ .................................... _ .............. _............................................... 0-26 
"Quicksand ......................... _ ................................................................ _ ........ _..... 26-31 
"Clay ............................................................................................. _....................... 31-250 

;; ~fa~' :e~~p~ .. ~ .. ~~~~~.~ .. :::::::::::::::::::==::::::::::::::::::::::::::=::::::::~:::::::::::::::=::::: ~gt~g~ 
Pennsylvanian (323 feet thick; ·top 1048 feet above sea level) : 

"Shale ..................................................... _ .......................... _ ................... L. ........... 252-377 
. "Coal and sulphur ..... _ .......................................... _ ............................ :............... 377 

." Shale, gray ............... _ ........................... , .............................................. _ ........... 377-475 
. "Shale, black ......... _ ......... : ................................................................................... 475-480 

. . "Shale, light colored .............................. _ .................................... _ ..................... 480-575 
Mississippian (520 feet thick; top 745 feet above sea level) : . 

"Streaks of lime an.d shale ........... _ .......................... _ ....................................... 575-610 
"Sandy lime 7, green shale ................. : ...... , .... _ ............................................... 610-630 
"Sand ................................................... _ .............. _ .......... _ ................................... 630-636 
, 'Lime, clear, brown ..................... _ .................................... _ ........................ _..... 636-653 
, 'Streaks of lime and shale with some spar ............................................... _ ... 653-654 
"Shale, sandy ........................... _ ................................................................ _ ....... 654-657 
"Shale, green ..... _ ........... : ........................................ _ .................. _ ....................... 657-660 
"Lime with quartz in it ................................................................................. _. 660-725 
"Shale, green ... _ ............. T ............................................. . .... _ ............................... . 725-736 
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"Lime" .................. _ ............................... ~ .......... _ ............ ~ .................... : ...... _ ....... 736-745 
"Streaks of lime and shale" ................. _ ......................................................... 745- 790 

: : ~~~, ,c~~.~.~: .. :~~~~.:.: .. ::::::::::::::::::::::::::::.:::::::::~~::::::::::::::::::::::::::::~:::::::::::::::::::. ;ig~~~~ 
, 'Mad; yellow" ................. : ................... _............................................................. 860-865 
"Lime, gray, full of quartz" .............•............................................................. 865-1040 

Shale, hignly calcareous, blue gray, in friable concreted masses; 5 sam· 
pIes ............................................................ _................................................ 895-935 

Limelltone, light yellow· gray, soft, earthy, 'rapid effervescence in cold 
dilute HCI; green shale, chalcedonic silica .........................................• 945 

Chert, blue· gray, and limestone ........ , ................................................ _........... 955 
Dolomite or magnesian limestone, light brown, crystalline·granular, 

slow effervescence, large chips of blue shale ........................................ 965 
Limestone, gray, rapid effervescence, cherty................................................. 975 
Chert, blue ............. _........................................................................................... 985 
Limestone, gray, rapid; blue chert ................................................................ 995 
Limestone and shale, limestone gray, rapid effervescence, much chert; 

, in friable concreted masses .................................................................... 1005-1015 
Limestone, blue·gray and yellow, oolitic, rapid, some blue chert .:............ . 1025 
Shale, light blue and greenish, calcareous, in ChIpS and concreted 

masses; 6 samples (Kinderhook) ........... _ ............................................. 1035-1085 
Devonion ('), Silurian. (445 feet thick; top 205 feet above sea level): 

Dolomite, light blue· gray, argillaceous; 5 samples .................................... 1095-1135 
"Shale, green" ..... _ .......................... _ ...... _ ........ _ .... _ ...................... _ ................. 114(}-1143 

Dolomite, light yellow· gray, blue·gray and whitish, some chips in cut· 
tings with rather brisk effervescence, some gray shale; 11 samples .. 1145-1390 

Dolomite, light buff, crystalline, in sand ........................ y............................ 1435 
"White lime" ... _ ........................... : ........................................................... _ ....... 144(}-1480 
"Lime, bluish" ..................... _ ................ _ ........................ _ .................... _ ............ 148(}-1485 . 
"Shale" ................. _ .... _ ....................................... _ .................... _ ......................... 1485-1489 
, 'Lime, bluish" ... ~ ................ : .................. : ................. : ......................................... 1489·1540 

Ordovician : ~ 
Maquoketa shale (90 feet thick; top 240 feet below sea level)- . 

"Green shale" ............................. _ .................... _ ........ _ ............................... 154(}-1557 
Dolomite, blue·gray, earthy, argillaceous, some green shale; 2 sam· , 

pIes ............................... _ ....................... : .......... _ ................................. 1540, .1600 
Galena and Platteville (335 feet thick; top 330 feet below sea level)-

"Lime, flinty at 1740 and 1791, white shale at 1865 to" .................. 1980 
"Shale" ..................................................... _., ................................................. 1980-2015 
, 'Shale, green" ................... _ ........................................................................ 2015-2052 

Dolomite, light gray, light buff ., ............................................................ 1630,. 1665 
Dolomite, whitish, argillaceous, in concreted masses .......................... 1675; 1685 
Dolomite, light gray, in fine sand and small chips; 3 samples ........ 1695-1715 
Chert and dolomite, white ...................................................................... 1725, 1735 
Dolomite; in whitish flour andJ concreted masses, highly argillaceous, 

or dolom,itic shale ................... _ ................................. ~....................... 1745 
Chert and dolomite; 3 samples .............................................................. 1,755-1775 
Dolomite, light yellow and whitish, cherty; 4 samples ........................ 1785 ... 1815 
Dolomite, whitish, highly argillaceous, in flour and concreted mass· 

~ es; 3 samples ........................................ , .................... _ ....................... 1825-1845 
Dolomite, blue·gray and buff and drab, in sand, cherty at 1885-

1905, argillaceous at 1915 to 1935; 11 samples ......... _ ............ _ ... 1855-1955 
Glenwood (80 feet thick) -

Shale, bright blue· green, in flaky chips ................................................ 1965, 1975 
Shale, light blue· gray, highly calcareous, nonplastic; 3 samples ...... 1985-2005 
Shale, bright blue· green, plastic, in flakes ·and concreted masses; 

3 samples L .................... _ ................................ _, .... : ............................. 2015-2035 
Saint Peter sandstone (60 feet thick; top 715 feet below sea level)-

Sandstone, whitish, fine, rounded grains; considerable green shale; 
5 samples ., ..................................................................... _ .... _ ...... _ ..... 2045-2085 

Sandstone, highly argillaceous, calciferous, grains fine, some with 
secondary enlargements; in concreted masses ............. _............... 2095 
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Prairie duo Chien (penetrated 295 feet; top' 805 feet below sea level)­
Dolomite, buff, highly arenaceous, in fine sand of dolomite, crystal· 

. line and cryptocrystalline quartz ..... __ ......................................... _ .. 2105·2110 
. Dolomite, gray .. , ...... _ .................. _........................................................... 2125 
Dolomite, brownish gray, highly vesicular with minute spheroidal 

cavities as if from the removal of oolite grains; in large chips.. . 2135 
Dolomite, buff in mass, much fine quartz sand ..................................... 2145 
Dolomite, gl'ay ................................. _ ....................................................... 2155-2165 
Dolomite, highly arenaceous, ' or sandstone; cuttings in buff sand of 

dolomite an{l rounded grains of quartz (New Richmond f 
Jordan f) ..... _ ...................................................................... _ ............. 2175-2185 

Notes;-Inthe above section, the carefully kept driller's log 
fills out the first 895 feet, of which no samples of the cuttings were 
taken, and also bridges an occasional gap below that depth and 
inserts thin beds of which, the samples taken at wider intervals 
give no evidence. 
. The base of the Mississippian is drawn with considerable un­

certainty at the bottom of the 50 foot bed of shale 'struck at 1035 
feet, since this bed seems to represent the Kinderhook shale of 
southeastern Iowa. 

The shale and argillaceous dolomite at 1540 feet hold about the 
position at which the Maquoketa might be expected. If this 
iden'tification of the Maquoketa is correct the dolomites above it 
are, probably largely, if not wholly, Silurian, and those beneath it 
are Galena and Platteville, together with the basal shales (the 
Glenwood) immediately overlying the Saint Peter. 

Whether the calciferous sandstone 1 at 2095 feet belongs with 
the Saint Peter as a basal transition bed or with the Prairie du 
Chien is a matter of doubt, but the dolomites beneath it are clear-
ly the latte,r in both place and facies. ' 

Driller's log of Audubon deep well, below 1040 feet 
DEPTH IN FEET 

Green shale ................ _ ................ _ ...................... _~ .............................. : ...... _ ............. 1040-1103 
Lime, chalky, with little white balls at 1115 ......................................... _ .... _ ....... 1103-114Q 
Shale ... _ ................................ _ .... _ ...................................................................... _ ....... 1140-1182 
Lime, at 1193 hltrd 'and soft streaks of chalky lime .......................................... 1182-1405 
Crevice of 8 inches at ....................... _..................................................................... 1405 
Brown lime ......................... ~ ........................... _ ...... _ .......... _ .............................. _ .. _ ... 1405-1440 
White lime ......... _ .... _ ............ _ ................................................................................... 1440-1480 
Bluish lime ........................................................... _ ...................... __ .................. _ .. _ ... 1480-1485 
Shale ................................. _ .......... ~ .................................. : .......................................... .1485-1489 
Bluish lime ..................................... ! ............... _ . ... _ .......................... _ •......•................• 1489-1540 
Green shale ....................................................... _ ............... ~ ... : ........... l. ......... ............... 1540-1557 
Lime, flinty at 1740 and 1791, streak of white shale at 1865 .......................... 1557-1980 
Shale ..................... _ ....................... : ............................ _ ............................................... 1980-2015 
Green shale ................................................................. _ ............ '-.......................... _ ... 2015-2052 
Sand ............................................. : ............. _ ......................... : .... _ ............................. ~.2077 -2105 
Lime ............................................... :": ...... _ ............................................... ! ................... 2105-2400 
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Chemical analysis of water of Audubon city weU* 

, Parts per 100,000 Grains per U. S. gallon 
Acids and Bases Probable Combination in the WateJ: 

Sodium Oxide Na,O 35.61 Calcium Carbonate CaCO. 11.37 
Calcium Oxide CaO 23.97 Calcium Sulphate ' CaSO. 18.49 
Magnesium Oxide MgO 9.92 Magnesium Sulphate MgSO. 17.36 
Iron' Oxide Fe,O. } Iron Oxide Fe,O. } 
Alumina Al,O. 0.16 Alumina Al,O. · 0.09 
Silica SiO, 0.84 Silica SiO, 0.49 
Sulphuric Acid SO. 61.40 Suspended Matter 0.74 
Chlorine ' Cl 20.45 ' 

Hardness 
Alkalinity­
Metacidity 

Hardness, Etc. 
69.00 ' 
19.5 
i.7 

Incrusting Solids, 
Sodium Sulphate Na.SO. 
Sodium Chloride ' NaCl 

Non·Incrusting solids 
Free Carbon Dioxide CO, 
Half Bound Carbon 

Dioxide CO, 

Volatile Matter 

48.54 
23.74 
19.65 

43.39 
0.44 

5.00 

5.44 

AYltSHIRE, PALO ALTO COUNTY 
,(Altitude 1815 feet, M. if St. L. E. E.) 

, ' 

A well 878 feet deep was drilled for the town of Ayrshire in 
1921 by Bert Sharff, artesian well contractor of Oelwein. The 
diameters are 10 inches to 346 feet, 8 inches to 800 feet, and 6 
inches to 878 feet. Water stands at 116 feet from the surface of 
the ground. The capacity as measured by a 24 hour test with the 
pump 46 feet below the surface of the water was 120 gallons per 
minute. As the well is cased to the Saint Peter sandstone at 852 
feet, it is, assumed that the supply tested was entirely from that 
formation. A flow of 22 gallons was found at 360 feet in "sand" 
'and a flow untested but apparently much larger was found at 650 
fu~ , ' 

DriZZer's Log 
FORMATION DEPTH IN FEET FORMATION DEPTH IN FEET 

Soil ... _ ...... ~ ....... _........................... ' 0-3 Brown lime, very hard .............. 694-702 
Clay" yellow................................. 3-13 ' Gray rock .................................... 702-711 
Gravel, coarse .............................. 13-15 
Clay, blue ................. _................. 15-100 

Blue shale ..................... _ ........... 711-714 
Lime rock ... _ .............. _ ............... 714-732 

Sand .............................................. 100-105 Green shale ................. _............... 732-734 
Clay, blue and brown ................. 105-295 Lime, brown ................................ 734-740 
Sand ..... _ ........ _ ............................. 295-346 
Sandrock ......... _........................... 346-352 

Shale, bluish ..................... _ ....... 740-753 
Roclt .............................................. 753-756 

Sand ................................. _ ........... 352-370 Blue shale ..... _ .......... __ ............... 756-840 
Shale, brown ... _ ........................... 370-378 Black shale ........................... _..... 840-846 
Sand, very fine ......... _ ................. 378-515 • . Hard rock ......................... _......... 846-848 
Limestone ..... _............................. 515-:-560 Blue shale .................................... 848-852 
Blue shale and shelly rock ........ 560-640 Saint Peter sandrock ................ 852-878 
Dakota sandstone ...................... 640-694 Shale ............ _............................... 878 

* L. M. Booth Co., Engineering Dept" Jersey City, 1917. 

• 
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N otes.-The above log was .evidently taken with care, and to a 
considerable extent the rocks described can be referred to their 
respective geological .formations with assurance, ' although no 
samples of the cuttings were saved. The workmen were familiar 
with the Saint Peter sandstone from their experience in eastern 
Iowa and their identification of the sandstone at 852 feet (463 
feet above sea level) may be taken as correct. A forecast for 
Ayrshire had given the depth of the Saint Peter as; 400 feet above 
sea level. As at Algona and Emmetsburg to the northeast and 
Hartley to the northwest, the very heavy shales above the ~aint 
Peter are referred to the Glenwood and perhaps include, the 
Platteville and Decorah. As fa:r up as the ' brown limestone at 
694 feet (621 feet above s,ea level) we have evidently the Galena 
limestone. But the 54 feet of "Dakota sandstone" from 640 to 
694 feet is difficult to interpret. No s1;lch sandstone occurs at this 
horizon at Emmetsburg and Algona. Comparing the Ayrshire 
section with the Emmetsburg ' section the summit of the Saint 
Peter occurs at Ayrshire 33 feet lower than at Emmetsburg and 
the summit of the Glenwood-Decorah is some 16 feet'lower. But 
if the sandstone whose base is at 694 feet (621 feet above sea 
level) is the Dakota, then that sandstone declines from Emmets­
burg to Ayrshire the extraordinary amount of 297 feet. And if 
the sandstone in question is Dakota, the 125 feet of "limestone," 
"blue ~ale and shelly rock" immediately overlyhtg it are 'left 
quite in air. Under these circumstances, the possibility must be 
considered that the fine sand to which Galena dolomite oft~n cuts. 
has been mistaken for true sandstone, a mistake often made, and 
that, unaccustomed, perhaps, to the Dakota sandstone of western 
Iowa, the drillers labelled the formation as Dakota. If the Ga­
lena extends upward, 'then, to 640 feet, the "blue shale and shelly 
rock" above it may represent in part the Maquoketa. 

The" sandstone, very fine" from 378 to 515 feet is pretty sure­
ly Cretaceous and its base at 800 feet above sea level is 118 feet 
lower than the base of sandstone of the Dakota at Emmetsburg. 
The drift probably extends to the base of the "blue and brown 
clay," which is here taken to be till, p;iving it a thickness .of '295 
feet, and may also include-ihe:" sand " 'beneath, which would make 
the total depth 346 feet. 
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Mineral Content of City Well, "Ayrshire" 
, P.P.M. 

Bicarbonate ...................................................................... 383.1 
Chloride ........................... ;................................................ -12. 
Sulfate ... _ ........................ : ....... : ................................. _ ..... 572.9 
Silica .:.............................................................................. 15.6 
Fe,O.+Al,O. .................................................................... 5.2 

,Qalcium .......................... ' .................................................. 133.4 
Magnesium ....................................................... :.............. 66.3, 
Na + K as N'a .............................................................. 105.7 

Total solids ..................................... _ ..................... 1103.0 

BANCROFT, KOSSUTH COUNT~ 
(Altitude 1174 f~et) ' ' 

The city well of Bancroft, drilled in 1928 by Bert' S~arff of 
Oelwein, is 626 feet deep. ' Rock was struck at 165 feet and was 
"shelly" to 275 feet. The Saint' P~ter sandstone was not 
reached, but according to the gradient between Algona and Blue 

' Earth, Minnesota, It should be encountered at Ilbout 675 feet 
from the surface. The static level of the well is 44 feet below the 
surface, with a draw down of five feet after a 24 hour test pump­
ing of 150 g.p.m. 

BAYARD,GUTHRIE COUNTY 
(Altitude of curb abcyut 1080 f eet) 

In the autumn of 1926 a group of Guthrie Center citizens or­
ganized the Central Oil and Gas Company and began drilling an 
oil prospect near Bayard. Sample drillings were sent to the 
Survey by the driller, Mr. Calvin Reed of Bowling Green, Ken­
tucky. The record of the drillings follows, with interpretations 
by Dr. James H. Lees, Assistant State Geologist. Work on this 
prospect was discontinued at 1320 feet, in August, 1927, but was 
resumed in January, 1929, with G. H. Rose and Son of Mary­
ville, Missouri, as drillers. 

Samples from Bayard Well 
DEPTH IN FEET 

Pleistocene : 
Till, glacial, with pebbles .................................... _ ............................. _ ..... ;..... 20-30 
Gravel, glacial, pebbles up to one·half inch diameter ; "flowing water ".. 30-50 
Sand, very fine, uniform, gray ........................................................................ 50-l00 
Same as above; "gas at 110 feet" ............................. _ ................................. 100-150 
Clay. probably glacial, gray, fine· textured, a few pebbles ........................ 150-155 
Sand and gravel, rather fine, probably glacial ............................................ 155-170 
Sand, fine, uniform, light gray, a few specks probably mica ......... _ ......... 170-180 

* Analysis b'y Harry F . Lewis, Chemical Laboratory, ,Cornell College,. Mount Vernon,1927. 
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Clay, fine, uniform, brownish gray, probably. glacial ......... : ........................ 180-205 
Clay, black, very fine, some siliceous pebbles ................................................ 205-220 

. Des Moines: 
Shale, very fine, smooth feel; gray, probably Des Moines ............•............ : 220-300 
Sand, fine, uniform, light gray; "Water" .................................................. 300-312 
Shale, fine, dark gray ........................... : .................................... :..................... 312-330 

St. Louis and Osage: . 
Limestone, gray, fine· grained ............................................................... _ ......... 330-340 
Limestone, gray, with fragments of dark chert .......................................... 340-350 
Limestone; finely sandy, gray ........................................................................ 350-358 
Sandstone, limy, fine· textured, dark gray .................................................... 358-368 
Limestone, gray, fine· grained ........................................................................ 368-375 
Limestone, dark gray ........................................................................................ 375-385 
Limestone, similar to above, with lighter fragments .................................. 385-395 
Limestone, dark .gray, with fragments of fine· grained sandstone and 

clayey sand .............................. , ................................................ :.................... 395-400 
Limestone, dark gray, fine'grained, with large amount of sand in rather 

coarse white grains .................................................. .' ........ ~ ............... , ....... 400-410 
Limestone, dark gray, similar to above; blue chert .................................... 410-420 
Sandstone, fine·gr:;tined, much chert and lime ............................................ 420-425 
Limestone, dark gray, some fine·grained, some coarser ............ , ................. 425-440-
Limestone, similar to above, some chert and quartz grains ...................... 440-450 
Sandstone, fine; dark, some lime, probably as matrix. "Water" · ............ 450-453 
Limestone, dark gray, in coarse chips, sugary texture, much chert and 

quartz .......................................................................................................... 453-460 
Limestone, dark gray; chert, gray to white; shale, black ............... _ ....... 46H70 
Limestone in chips and powder, the former responding slowly to acid at ' 

first, more briskly later; shale, black; some chert, white and gray .. 470-480 
Limestone, gray; chert, bluish white and gray; all in small angular 

chips. A little dark shale ......................................................................... 480-490 
Limestone, etc., similar to above ................................................... _ ...... _ ....... 490-500 
Limestone, gray, some fine sand, much· gray to white chert in fragments 500-510 
Shale, dark gray, very fine·textured, calcareous .............................. : ........... 510-520 
Shale, similar to above, and fragments of limestone and of flint which 

contain some lime as shown by reaction .............................................. 520-530 
Limestone and chert, gray, in fine grains and powder ................. _ ............. 530-540 
Same as above ..................................................... .................................. _ ...... _ ... 540-550 
Limestone, dark gray, in small chips, with chert and some shale ............ 550-560 
Limestone, light gray, with much chert, in fine grains .............................. 560-570 
Same as above .................................................................................................. 570-580 
Limestone, light gray, in fine powder, ready effervescence in acid ........ 580-59'0 
Limestone, gray, 'in fine grains, with much chert and clear quartz grains 590-600 
Same as above .................................................................................................. 600-610 
Limestone, light tan color, in fine grains, a little chert ............................ 610-620 
Limestone, gray, in small flakes and grains, very finely granular, some 

grains and powder of chert .................................................................... 620-625 
Limestone, dark gray, in small grains, some chert .................................. 625-630 

. Limestone, light gray, chips and powder, vigorous effervescence, · con~id· 
erable residue. Fragments of limestone are made up of small 
rounded grains with fine matrix .............................................................. 630-640 

Limestone, similar to above ............................................................................. 640-650 
.Same as above .................................................................................................... 650-660 
Limestone, similar to above, some chert and pyrite ........... .: ....................... 660-670 
Limestone, gray, in angular chips, which are almost entirely soluble in 

acid. Some grains of chert ........................................ :........................... 670-680 
Limestone, similar to above but more chert ................................................ 680-690 
Limestone, with much chert ............................................................................ 690-700 
Same as above .................................................................................................... 700-710 
Limestone, dark gray, in fine grains; somEl chert and a good deal of fine 

sand ......................................................................................................... _ ... 710-715 
Limestone, similar to above, only in larger grains; finely granular text· 

ure, mostlYr. ~oluble in acid ............................................................... :...... 715-720 
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Similar to above, some chert ....................................................................... , .. 720-730 
Limestone, dark gray, :finely sugary texture, rather slow reaction to acid, 

probably dolomitic; some gray chert ........ , ........................................... 730-735 
Lim~stonel similar to above' but with more :fine sand, which is insoluble 

In aCld .................................................................. :-..................................... 735,-740 
Limestone, similar to above, but with less sand ....... : .................................. 740-745 

Kinderhook: 
Shale, fine·textured, gray·green, some lime present .................................... 745,-775 
Shale, very finely gritty, blue· green, somewhat limy ............. :.:.................. 775-800 
Shale, very ':finely gritty, light gray, calCareous ................................... _ ..... 800-825 
Shale, dark green when damp, very :fine· textured, little lime present; 

. some harder nodules with calcareous matrix ........................................ . 825-835 
Devonian and Silurian (') : 

Limestone, dark gray, sugary texture, in small chips and granules; al-
most .entirely though slowly soluble in acid ........................................ 835-840 

Limestone, light tan, :finely crystalline with sparkling facets; almost en-
tirely soluble in acid. SOIp.e darker chips .....................................•.... 840-845 

'Limestone, 'light tan, very similar to above ............ _ ............................ , ..... 845-850 
Limestone, gray, similar to above, except for slightly darker color . 

.. Some chips of shale may be from above. Driller says rock below 
Kinderhook shale 'drilled as if there were streaks of shale a foot or 
so thick, but that Kinderhook was caving, so could not be sure ...... 850-860 

Limestone, very light tan, somewhat sugary texture, but :finer grained 
than samples above. In chips one· fourth to three·fourths inch in 
diameter. A few of these show pyrite ............................. : .................. 860-865 

Limestone, similar to above, but 'in smaller chips and grains; a little 
. pyrite; some shale. Responds readily to acid and . is almost en· 

tirely soluble .............................................................................................. 865-870 
Limestone, a little darker and more coarsely' crystalline than sample 

above. Some ·fragments of calcite and some shale ..................... :._ ... 870-880 
Limestone, in small crystalline grains, mostly gray, some white and some 

transparent. Responds rather slowly to cold acid, more strongly 
to hot acid; entirely soluble .................................................................... 880-885 

Limestone, similar to ,above in uniformly small gray granules; evident· 
ly dolomitic, but entireiy soluble ............................................................ 885,-890 

Limestone, dark gray, in chips and coarse powder. Effervesces rapidly 
in cold acid-finely granular .................................................................. 890-895 

Limestone, sinrilar to above; considerable shale ........................................ 895,-905 
Limestone, similar to above, but somewhat more de:finitely crystalline; m 

:fine grains; much shale .......................................................................... 905-910 
Limestone, gray, :finely granular and sugary, strong response to acid, a 

little very :fine siliceous residue. Considerable shale in bluish chips, 
. very fine· textured, very slightly limy ...................................................... 910-915 

Limestone, similar to above, but with somewhat coarser sugary texture. 
Much shale as above .................................................................................. 915,-920 

Limestone and shale, as above ........................................................................ 920-925 
Limestone, light bluish gray, :finely crystalline, slow response to acid, 

but almost complete solution. Not much shale .................................. 925,-930 
timestone, light gray, similar to above sample .......................................... 930-935 
Limestone, dark gray, very :finely granular, slow response to acid, with a 

little whitish residue. Some shale ....................... _ ............................... 935-945 
Limestone, similar to above ................................................................. _......... 945-950 
Limestone, similar to above ........................................ ,................................... 950-960 
Limestone, light · gray, very :fine·grarned, readily and almost completely 

soluble in acid ............................................................................................ 960-965 
Limestone, rather dark gray, distinctly sugary texture, a little :fine-

grained shale .............................................................................................. 965-970 
Limestone., similar to above., Numerous shale chips .................................... 970-980 
Limestone, similar ·to above but :finer in texturIT-not much shale .......... 980-985 
Limestone, rather dark gray, :finely to 'coarsely crystalline ...................... 985,-990 
Limestone, similar to above. Some shale .................. c ................................. 990-995 
Limestone, similar to above ............................................................................. 995-1000 
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Limestone, rather dark gray, in fine gritty powder. Reaction of acid is 
rather slow at first, considerable residue of fine clear quartz sand 
grains .......................................................................................................... 1000-1010 

Limestone, similar to above but in larger grains; some sand grains ........ 1010-1020 
Limestone, similar to abov·e. The rock has a fine sugary texture and this 

and its slow response to acid probably indicate that it is mag· 
nesian ............................................... _ ......................................................... 1020-1Q30 

Limestone, simi!ar to above, but again in rather fine powder with much 
fine clear sand ...................................................... : ..................................... 1030-1040 

Limestone, similar to above, coarser grains. Some quartz sand and 
some fragments of clear calcite ........................ .' ..................................... 1040-1050 

Limestone, similar to above .............................................................................. 1050-1060 
. Limestone, similar t o above . _____ .... __ __ .. __ ___ ....... _._ .... __ _____ .... ___ .... __ ... __ .. _ .. _ .. _ .... _._1060-1070 . 

Limestone, somewhat lighter gray than samples above, otherwise sim· 
ilar .... _ .. _ .. __ ._. ___ .... ___ ... __ .... ___ __ __________ .. ____ ____ __ _ ._ ...... __ __ .... _._ ... _ ......... __ ......... ___ .. 1070-1080 

Limestone, similar to above. Ready response to acid. Considerable 
quartz in small grains ................... __ . __ ... __ ., ... ___ ._ ...... __ _ .. ___ ....... _ ... __ ._ .... __ .... 1080-1090 

Limestone, similar to above, only finer grains __ .. _ ....... _ .. _ ... _ ............ _ .. _ .... __ .1090-1100 
Limestone, gray, evidently dolomitic, action with acid slow but long 

continued, with almost complete solution of the sample. In very 
fine grains, very little silica ... __ . ____ . __ .. ____ ... __ ... ___ .... __ .: .. :_ ........... , .. __ ..... _. __ .1100-1120 

Limestone, like that above .... __ .... _._. ____ ......................... _ ... _ ......... __ .... _._ ........ _ .. _1120-1140 
Limestone, or dolomite, gray, in gJ:ains and fine powder, finely granular, 

slow response with acid, .but nearly complete solution .. _._. __ .. __ .... _._ ... 1140-1180 
Limestone, darker gray, in medium sized, finely granular grains; reo 

sponse with acid rather more brisk than sample above, few sand 
grains but otherwise material is almost entirely soluble ... __ ._ ...... __ .. 1180- 1190 

Limestone, dark gray, in coarse grains, some white calcareous material 
in fine powder. Nearly all soluble. Much blue nonca1careous shale 
!n, small chips and powder. Driller ~ays the shale seems to be in 
layers 'six to twelve inches thick and two to five feet apart . __ . __ ... _. __ 1190-1195 

Limestone and shale, similar to above ... ___ . __ ___ .. _. __ _ ... __ ...... _._._._._._. __ ._. __ ...... _ .. 1195-1200 
Limestone, similar to above but shale less abundant .... __ _ .,. __ ._ ..... _ .... _ ......... 1200-1210 
Limestone, similar to above sample, in fine grains, some white calcite, 

some shale ___ .. ___ ._._ .. __ . ___ ... ___ ... ___ . __ . __ ... __ __ . __ ._ ... _- _._. __ _ ... __ ._ .. __ ..... __ ... __ ...... _ ..... 1210-1220 
Limestone, dark gray, in coarse grains, rapid reaction with acid. . Much 

shale __ ... ___ .... _. __ .... _ ........................... : ............................................ __ ..... __ .. _ .. _1'220-1235 
Lime~tone, like above ._. ___ ......... _ .............................. _ ............ _ ..................... _.... 1235-1240 
Limestone, very dark gray, in coarse grains and chips, ready response 

with acid. Perhaps one·fourth shale .. _ ....... _ ..... _._ .... _ ........... _ ....... ___ ._._ .. 1240-1245 
Limestone, and shale as above but in smaller fragments ..... _ .... ___ .... _ .. __ .1245-1250 
Limestone and shale, similar to above, cuttings fine _ ........ _ ............... , ..... : .. 1250-1260 
Limestone, dark gray, in fine crystalline granules; shale, dark blue· 

green in small chips, constitutes perhaps one·fourth of mass. Fair· 
ly brisk response to acid, solution of limestone nearly complete ...... 1260-1270 

Limestone and shale, similar to, above ._ .... _ ...... _ ............... _ ............. _ ... _ .. __ .. 1270-1280 
Limestone and shale, similar to above ... _ .. _ .. _ ...... _ ............................ __ ..... 1280-1290 
Limestone, gray, some very fine· grained, some rather finely granular. 

Very . little shale. Considerable cherty residue .... __ ............ __ ....... __ ....... 1290-1300 
Limestone, similar to above ................ __ ._ .. __ .. __ . ___ ....... _._ .. __ .... __ ........ _ .... __ _ ...... __ 1300-1315 
Limestone, gray, granular, and shale, blue·green. · Both are in fine pow· 

der to small chips, up to one·fourth inch diameter . . Response to 
acid very brisk, much residue of shale and chert. A few chips 
from 1320 feet ate dark gray hard noncalcareous shale ._ ........ _ ... _ ... 1315-1320 

Limestone, brownish gray, in fine sand, dolomitic, some residue of 
very fine siliceous material and small chips of chert; shale, blue· 
green, brittle, in small chips ... _ .. _._ .. _._ .. _. ___ . __ .. ____ . ______ ._ ... __ .. ___ .. __ ..... __ ._1338-1342 

Limestone, similar to above but in :finer more uniform crystalline 
sand; response to cold acid fairly brisk; residue very :finely di· 
vided silica; no shale present; 2 samples _____ . ____ _ . __ .. _._ ..... _________ .. _ .. _ .. 1340-1343 

Limestone, similar to above but in somewhat coarser fragments; num· 
erous smoothly rounded clear grains of quartz __ •...•.. _ ... __ .. ___ ._ .. _ ... , .... 1346-1355 

.. 
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Limestone, light gray and grayish tan, in fine crystalline sparkling 
granUles which dissolve - rather readily in cold acid and 'leave a 
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residue of very fine siliceou!,! m~terial; 4 samples ................. _ ........... _1355-138o 
Limestone, medium gray, coarse to fine granules, sugary texture, reo 

sponse in cold acid fairly ·brisk, more rapid in hot acid, 100ig· con· 
tinued, residue s~all ......... _ ......................... _ ........... _............................... 1385 

Limestone, light gray, in very fine powder of crystalline granules of 
rather slow response to cold acid; 4 samples ..... _ .... ~ .......... _ ..... __ ....... ..l390_1405 

Dolomite, dark tan, small angular chips of ~hert and fewer rounded, 
rather clear dolomitic grains. Response to acid not very brisk, 
residue large ......... _ .... _ .............................. _ ........................ _ ....... _._._ ....... _. 1408 

Dolomite, similar to above but in coarser fragments; chert, gray, com· 
prising greater part of sample, some white, chalcedonic; 2 samples .. 1415,1420 

Dolomite, bluish gray' at 1425 and 1435, dark gray at 1445 and 1448, . 
in powder and chips, response to hot acid somewhat more ready 
than ill two preceding samples; abundant gray chert; 4 samples .... 1425-1448 

N otes.-The driller notes: Struck gas in a '" sea mud" at 110 
feet. This formation was real 'soft and would heave up the hole 
from 30 to 40 feet. I had to drive the casing ahead o~ the tools 
in order to drill the well. The last ten fe.et of (Kinderhook) 
shale seemed to be harder and there may pe quite ,a lot of lime in 
it, but it was about the same co~or as the shale. The strata 
seemed to change at about 1160 or 1180 feet as if the drill were 
passing from Devonian to $ilurian strata. 

BETTENDORF, SCOTT COUNTY 
(Altitude 5'7t feet) 

WELL NO.2 OF THE BETTENDORF WATER COMPANY 

The first deep well of the Bettendorf Water Company was sunk 
by the Bettendorf Improvement Company, and was described in 
the report of 1912 on the Underground Water Resources of Iowl1: 
The second well was drilled in 1925 by Thorpe Brothers Well ' 
Company of Des Moines. The depth is 2122 feet; the diameters 
are trom 20 to 10 inches. . Water was found from 1505 t.o 1565 
feet in the Jordan sandstone, when a distinct fall of the static 
level was noted, the water drop-ping in the tube to 30 feet below 
the curb. The advice of this office was asked as to going deeper 
and the company was strongly urged to not stop the work until 
the water bed of the Dresbach had been ta-pped. A higher head 
from this Cambrian aqUifer was also predicted. The main sup­
ply of the well was reported i:r;t the Dresbach sandstone from 1868 
to 1990 feet and water was found also at 2100 feet in the Eau 
Claire. The . pumping capacity of the ' well is 1000 gallons per 
minute, and the natural flow is 200 gallons per minute. 
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The relations of the two wells 100 feet apatt are of special in­
terest. Well no. 1, 1650 feet deep, taps no water beds below the 
Jordan sandstone. In well ' no. 2 the Saint Peter is cased out. 
Yet the amount of leakage from :well no. 2 into well no. 1 is so 
great that for some time it was not necessary to install a pump 
in well no. 2. ." On pumping no. 1 at the rate of abouf 600 gallons 
per minute the draw:down is about 12 feet. The draw-down on· 
no. 2 while pumping no. 1 is about 5 feet. Pumping out of no. 2 
at the rate of 1000 gallons per minute, the draw-down was about 
15·feet. The draw-down on no. 1 while pumping no. 2 is nothing. 
Pumping both wells at the same time does not change the draw­
downs as stated above, that is, 15 feet on no. 2 arid 12 feet on nt>. 
1." 

These facts illustrate the well known law that the water of a 
lower aquifer discharges laterally into any higher aquifer whose 
water is under less pressure. At Clinton in well no. 6 of the 
Waterworks Company, the strong flow from the Mount Siinon 
horizon of the Cambrian had such an enormous leakage that ac­
cording to the officials of the company it lifted some 3 feet the 
head of other arte,sian wells within ~n area extending 2000 and 
3000 feet from, the well. At Bettendorf the company fortunately 
is able to retr.ieve a portion of the leakage through well no. 1. 

The drill hole is cased with 20 irich cast iron casing to 120 feet, 
12 inch from 391 to 644 feet, 10 inch from 946 feet to 1127 feet, 
and 10 inch from 1573 to 1855 feet. The cost of the well was 
$26,000. The data as to the well and as· to several wells at Dav­
enport were supplied by Mr. "'N. Z. Schneider, general manager 
of the company, who also donated to the Survey an exceptionally 
complete set of samples of the cuttings. 

Record of Stra.ta of Well No. :e of the Bettendorf Water Company 

DEPTH IN FEET 

Pleistocene and Recent (35 feet thick; top 586 feet above sea level) : 
. Soil, dark ................................ _ .. _ .... _ ... _ ........... ___ .... ~.......................................... . 10 

Sand, lighter, some grains of limestone ....................... :................................ 20 
Sand as above, some particles of gray sandstone ...................................... 30 

Devonian: 
Wapsipinicon limestone, Lower Davenport beds (35 feet tJrick; top 551 

feet above sea level)- . 
Limestone, whitish, . rapid effervescence in cold dilute RCl; ,3 sam· 

pIes .... < ......................... ;....................................................................... 40-60 

,", " J 
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Silurian: , 
Niagaran (350 feet thick; top 516 feet above sea level) -

Dolomite, cream-gray and light blue-gray, compact, slow efferve-scence ____________________________ _______ ____________________________________ ________________________ 70, 80 
Dolomite a~ above, some buff and brown; 5 samples ________________________ 90-130 
Dolomite, light gray, in, small chips and whitish powder, in larger 

chips and vesicular from 260 down; with some white flint at 
350 and 360; with much white flint from 370 to 410; 28 sam-
ples __________________ _____ . __ .... ___ .. _. __ ._._ ....... __ ..... ___ ... _ .. ___ ... _ .. _ .. ___ ._. ____ .:_. __ ... _ ... _ 140-410 

Ordovician: 
Maquoketa shale (200 feet thick; top 166 feet above sea level)­

Shale, bluish, highly calcareous, with microscopic quartzose par-
ticles, in small chips, with some dolomite; 3 samples _. ___ . __ . ____ ._ 420-440 

Shale, blue, in powder, with chips of hard dark argillaceous lime- . 
stone _._ ... _._ ..... __ ... __ ... _ ....... __ .... _ ... __ ._ ... __ ... _ .. _ ...... _ .......... ___ .. _____ ._ ...... _ ..... _ 450 

Shale,' in powder and chips; 3 samples _. ___ .. ____ ... __ ... __ .... _. __ ... _____ . ____ .. ___ 460-480 
Limestone, dark drab, argillaceous, in small' chips . __ .... __ . __ . __ ._. ____ ._. __ ., 490, 500 
Shale, blue, in powder and chips; 7 samples ___ .. __ ... _ ..... ___ ... ____ ... _ .. _ .. ___ . 510-570 
Shale, olive green _. __ ._._, ... ___ ... ____ ,._._ .... __ .... ___ .......... _._. __ .. _._ ... _. ____ .. _____ ._. __ .• - 580 
Shale, light brown, fissile, feebly inflammable ____ ... __ .. _____ .... _________ ... ___ . 590 
Shale! brown, strongly inflammable ___ . ____ ... __ .. __ . __ ... __ ._._. __ .. ____ .... _ ... ____ .... 600,610 

" Galena and Platteville limestones and Glenwood shales (365 'feet thick; 
top 34 feet below sea level)-
Dolomite, light brown, vesicular, in small chips ___ .... _ .... ___ . ____ ... ___ . ____ . 620 
Dolomite, gray and buff; 10 samples ....... __ ... _ .. _ .. ____ ... __ . ______ ... ___ ....... ____ 630-720 
Dolomite, brown and buff, much white chert ; 6 samples ____ . _______ ... ___ 730-780 
Dolomite, gray, some chert; 3 samples ............ _ .. _ ............. _ ............ _ ....... 790-810 
Dolomite, brown, cherty .............. _~ ............................ _ ................. _ ......... _ 820 
Dolomite, blue'gray, cherty _._ ................................ _ ................. _................ 830 
Dolomite, brown, cherty; 4 samples _ ............................... _ ............... _..... 840-870 
Limestone, in large flakes, earthy, rapid effervescence; some bright 

green shale in flakes ................... _ ......... _ ............. _ .... _ .... _................. 880 
Limestone) blue· gray and whitish, in ~and, rapid effervescence, 

earthy .......................................................................... _ ... _ ....... _ ..... _..... 890 
Dolomite, light buff, cherty (misplaced ') ......................... __ .......... _._. 900 
Limestone, as at 890; 4 samples ............................................................ 910-940 

Glenwood formation-
Sandstone, white, rille, grains well 'rounded, some limestone _............. 950 
Sandstone, white, clean, as above ........... _ ... __ ........... _._ ........ _ .................. __ 960 
Shale, dark green, pyritiferous, noncalcareous, in :flakes and con-

creted masses ................................... < ............ __ ......... _ ................ __ •••• __ • 970 
Shale, dark green, in splintery flakes; and white sandstone, coarser 

than at 950 ..................... : ....................... _ ........... : ............ _................ , 980 
Saint Peter sandstone (75 feet thick; top 399 feet below sea level)-

Sandstone, white rounded grains, with· small friable whitish masses 
of sand of minute angular grains with calcareous cement; 
shale in dark green flakes; laminated greenish argillaceotis 
sandstone .: ....................................................... : .. _............................... 990 

Sandstone, white, clean, St. Peter fl!-cies, larger grains at 1050 1 
mm. in diameter; 6 samples ................................................. _ .......... 1000-1050 

Prairie du Chien (440 feet thick; top 474 feet below sea level)-
Dolomite, whitish to light brownish gray; 'with siliceous oolite at 

1240, 1250, 1260; with 'chert at 1130, 1300-1390, 1410, and 
1470; with considerable quartz sand at 1250. 1260 and 1290; 
with some quartz sand in cuttings at 1130, 1170, 1240, 1250, 
1290; 44 samples ....... _ ................ _._ .... __ ........ .' ....... _._ .......... _._ ... _1 ._ ...... 1060-1490 

Cambrian: 
Jordan sandstone (80 feet thick; top 914 feet below sea level)­

Sandstone, white, calciferous, rounded grains, in chips, with whitish 
dolomite and much siliceous oolite _ .. _ ............. _ .................... , ......... 1500, 1510 

Sandstone, white, fine, larger grains rounded; with dolomite and 
chert •....... _ ................. _ .... _ ................... _ ...... _ ..... _ ....... _ ......... _ ............... 1520-1530 

., I 
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Dolomite, gray, in small chips, with much quartz sand ................ ,_... i540 
Chert; ,gray si~iceous dolomite; sandstone, :fine, in chips; and much 

quartz sand, rounded ........................................................................ 1550-1560 
Sandstone, in small chips, showing dolomitic cement;, grains 

rounded ............................................................................................... . 
Saint Lawrence : , . 

, Trempealeau beds (170 f eet thick; top 994 feet below sea level)­
Dolomite, blue·gray and drab; :in :fine chips and powder; 16 

1570 

samples ... _ ................................................................................... 1580-17 40 
Franconia beds (110 feet thick; top 1164 feet below sea level)~ 

Dolomite, dark buff in mass, quartzose and slightly glauconitic, 
some purplish shale as below .................................................. , 

Shale, purplish, highly arenaceous with minute angular quartz· 
1. '/:>0 

ose particles, highly calcareous; some glauconite ............. . 
Shale! green'gr,ay, ,h~ghly arenaceous, with :finest angular par-

tlcles, glaucomtlc, calcareous ..... _ ..................................... , .... . 1760 
Shale, green'gray, highly arenaceous, calcareous, glaucqnitic 

(or sandstone, of :finest angular grains) ; 3 samples .......... 1770-1790 
, Dolomite, gray, minutely , arenaceous, sparingly glauconitic; 

with green shale ........................................................................ 1800-1810 
San\1sto~~, gray, dolomitic, of minute gi'ains, sparingly glau· 

conltlc .................................... : .................................................... . 
Dolomite, as at 1800 ....................................................................... . 
Sandsto~~, gray, of minute angular particles, dolomitic, glau· 

conltlc ......................................................................................... . 
Dresbach sandstone (140 feet thick; top 1274 feet below sea level)-

~andstone, cream·colored in mass, larger grains well rounded ....... . 
Sandstone as ab~ve, coarser, in chips and loose grains ..................... . 
Sandstone, white, fine, rounded grains, in loose sand; and minute 

chips of microscopic angular particles in dolomitic cement ..... . 
Sandstone, cream white, :fine, larger grains well rounded; some 

1820 
1830 

1850 

1860 
1870 

1880 

particles of coal at 1970 and 1980; 11 samples ......... _ ............... 1890-1990 
Eau Claire beds (penetrated 122 feet; top 1414 feet below sea level)­

Sandstone, green·gray, in small chips, microscopic angular particles, 
dolomitic, slightly argillaceous; some glauconite; considerable 
brownish cryptocrystalline silica ............................ : ...................... . 

Sandstone, fine, larger grains rounded, some green pyritiferous shale l 

Sandstone, gray, :fine, dolomitic, in chips ..................... _ ...................... . 
Sandstone, gray, :fine, grains poorly rounded, a little glauconite ..... . 
Sandstone, light buff, very :fine angular grains, a little glauconite ... . 
Sandstone, gray, in chips, grains minute; dolomitic, glauconitic; 

2000 
2010 
2020 
2030 
2040 

some green shale; much shale at 2090; 5 samples ...................... 2050-2090 
Sandstone, light buff, of minute angular particles, dolomitic, glau· 

conitic .................................................................................................. 2100, 2110 
Shale, drab, plastic, in difficultly friable masses, microscopically' 

, quartzose, dolomitic ............... : ................................................... _ .... . 2122 

Driller 's Log of Bettendorf Water Company Well No. e 
D EPTH IN FEET 

Black soil ........................................ , .............. _......................................................... 0-10 
White :fine sand ............................................................. _ ................................... _..... 10-25 
Broken lime and light colored shale ................................................. _ ...... _........... 25-40 

. Hard gray lime ............... _......................................................................................... 40-400 
Blue shale ..................................................................... _........................................... 400-480 

:l~: ;~:fe l~~.~ .. :::::::::::::::::::::::::::::::::::::::::::~::::::::::::::::::::::::: :::::::::::::::::::::::::::::::::::: ~~t~~~ 
Hard white .lime ............................................. _ .............. __ ....................................... 600-945 
Sand and shale ..................................................... _ ................................ : .................. 945-960 

~~;~t!~:~~~~:l~n:;·~~~d··:::::::::::::::::::::::::::::=:::::: ::::::==::::::::: :::==::::::::::::::::::::::: ~~t~~~ 
S'aint Peter sandstone. Soft white fine sand ...................................................... 995-1045 
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Shale and sand .......................................................................................................... 1045-1055 
Lime and red shale ................... _ ............................................................................. 1 055-1 085 
Very hard white lime .............................................................................................. 1085..,.1505 
White ha,rd ~and ....................................................... _ ................................... , ......... 1505-1565 
White limestone, medium hard ........................ : ..................................................... 1565-1732 
Red lime and shale .................................................................................................... 1732-1765 
Sand, gray lime and shale ...................................................................................... 1 ~65-1780 
Sand and gray lime, very hard .............................................................................. 1780-1868 
White fine soft sand ................................................... _ ........................................... 1868-2018 
White fine sand with black specks ........................ , ............................................... 2018-2045 
Whlte fine sand and shale ........................................................................................ 2045-2068 
Mixture, sand, shale and black specks .................................................................. 2068-2100 

~~~y s~~~:s.~~~~ .. :::::::::::::::::::::::::::::::::::::::::::::::::::::::: ::::::::::::::::::::::::::::::::::::::::::::::::::~i~t~i~~ 
BRIGHTON, WASmNGTON COUNTY 

(A.ltitude 740 feet, C., B. 9" Q • .R . .R.) 

In 1923 a deep well was drilled for the town of Brighton by 
Floyd Alspach, contractor, of Nowata, Oldahoma. The depth is 
1815 feet and the diameters may be inferred in part from the. cas­
ings, of which a 12 inch pipe is set at 97 feet, an 8 inch pipe. at 209 
feet and a 6 inch pipe at 1492 feet. Water was found in Meramec 
sandstone at 120 feet; at 655 and 775 feet in Devonian limestone; 
from 1260 to 1265 feet in a sandstone stratum of the Glenwood; 
in the Saint Peter sandstone, 1287 to 1322 feet; in arenaceous 
-dolomite of the Shapokee and New Richmond; and in the Oneota 
dolomite, from 1500 to 1530, from 1550 to 1650 and from 1665 to 
1685 feet. 

On completion, water stood 90 feet below the surface . 

.Record of Strata 
DEPTH IN FEET 

Pleistocene and Recent (90 feet thick; top 148 feet above sea level) : 
Sand, yellow, clayey .... .': ........ _ ............................................................. :............. 30 
Clay, yellow, sandy .......................................................................................... 40 
Clay, yellow ................................................. _..................................................... 50 
Clay, yellow, sandy ............................ _ ............... : ........................... _.................... 60 
Sand, gray, grains irregular, moderately fine, mostly of clear quartz, 

also black, yellow arid purplish ......................... _................................... 70, 80 
Mississippian: . ., 

Meramec, Osage and Upper Kinderhook beds (290 feet thick; top 658 
feet above sea level) : . 
Shale, gray, unctuous; some sa~d ........................................................ 90 
Sandstone, lig·ht gray, clear quartz, fine, irregular grains, calcareous 

matrix at 100, lloncalcareous at 110, with some limestone par· . 
ticles at 120, atgillaceous and calcareous at 130 ........................ 100-130 

Limestone, light blue· gray, slow effervescence in cold dilute HCI, 
siliceous with minute particles of clear quartz and some grains 
of quartz sand; pyritiferous; in sand ............................. _........... 140 

Chert, dark gray and white, some banded, bands up to 4 mm. wide; 
sandstone, gray, fine, with sporadic coarse grains; calciferous 150 

Sandstone, blue·gray, highly argillaceous, grains ven:y fine, irregu· 
lar; in friable masses ...................................................................... 160 



126 DEEP WELLS OF IOWA. 

Shale, blue'gray, calcareo.us ......... : ..................................... ~ ................... . 
Limesto.ne, blue· gray, macro.crystalline'earthy, rapid effervescence, 

so.ft, friable, in large .chips ........................ : ............................ , ..... . 
Shale, blue· gray, calcareo.us, in co.ncreted masses ......... : ................ , .. . 
Shale, highly calcareo.us, blue· gray, in chips; chalcedo.nic silica ..... . 
Limesto.ne, whitish, rapid effervescence., macro.crystalline·earthy; in 

large chips ..... : ................................................................................... . 

170 

180 
190,200 

210 

220 
Limesto.ne, light gray, rapid effervescence, earthy, with so.me gre~n· 

ish specks o.f ·included shale; much white chert ........................ 230, 240 
Limesto.ne, whitish, :tine gr8:nular·crystalline, rapid effervescence, 

hard; much white chert ... _ ............................ ~ ............. _ .............. __ 250, 260 
Chert, white; limesto.ne, light yellow· gray, fine granular, rapid 

effervescence, in sand ...................................................................... 270, 280 
Limesto.ne, light gray, mo.derately r"apid and rapid reactio.n to. acid; . 

chert, chalcedo.ny; blue gray shale ................................................ 290, 300 
Limesto.nc, light yello.w'gray, rapid effervescence; bro.wn limesto.ne, 

with rather slo.w reactio.n .............................. : ............. : .................. . 
Limesto.ne, bro.wn'gray, fo.ssilifero.us, rapid effervescence, :tine crys· 

talline·granular; white chert ........................ ! ................................ . 
Limesto.ne, bro.wn and yello.w·gray, rapid effervescence, cherty ....... . 
Sandstone, drab, minute angular grains, argillaceo.us, calcar~o.us ... . 

~~~;~t~~~~? a~al~:r;~~s .. :;:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Kinderho.o.k shale (280 feet thick ; to.p 368 feet abo.ve sea level) : 

310 

320 
330,340 

350 
360 
370 

Shale, blue, plastic, calcareo.us .................. _ ................... _ ....................... 380, 390 
Shale, blue, in po.wder and small highly siliceo.us chips, calcareo.us 

and co.mpo.sed largely o.f micro.sco.pic particles o.f quartz ....... ,.. .400 
Shale, blue, plastic; 6 samples ..................................................... : ........ 410-450 
Shale, bro.wn, in flakes and po.wder, no.ninfla=able, empyreumatic 

o.rdo.r o.n heating ......................................................... ,...................... 460 
Shale, bro.wn, as abo.ve, and blue .......................................................... 470 
Shale, drab, plastic; 3 samples .............................................................. 480-500 
Shale, blue'gray, plastic; 8 samples .................................................. ____ 510-580 
ShilJe, drab ................................................. _ .....................................•....... 590, 600 
Shale, blue· gray, plastic; 5 samples ...................................................... 610-650 

Devo.nian (140 feet thick ; to.p 88 feet abo.ve sea level): 
Limesto.ne, blue·gray, earthy, rapid reactio.n, argillaceo.us, in chips ........ 660,670 
Shale, cho.co.late·bro.wp-, burns white but no.ninflammable, no.ncalcareo.us 680 

. Shale, blue, plastic ............................................. _ .................................... _ ..... 690, 70p 
Limesto.ne, bro.wnish buff, finely mo.ttled, :tine crystalline· granular, 

rapid effervescence ........................................................ !........................... 710 
Limesto.ne, buff, rapid and slo.w respo.nse to. acid ...................................... . 720 
Limesto.ne, blue·gray, earthy, fo.ssilifero.us at 730, rapid reactio.n .......... 730, 740 
"Limesto.ne, light gray, rapid effervescence, cherty at 760 and 7~0; 4 

samples ........................................................................................................ 750-780 
Limesto.ne, buff'gray, mo.derately slo.w reactio.n, co.nsiderable residue o.f 

particles o.f crypto.crystalline silica and a fllw fine grains o.f clear 
quartz ..................... _ .................................................................................. . 790 

Silurian (100 feet thick; t o.p 52 feet belo.w sea level) : 
Gypsum, in white hard to.ugh co.ncreted mass with limesto.ne ................... . 800 
Gypsum, in hard co.ncreted gray·white mass, with so.me yello.w limesto.ne 

o.f rapid effervescence .................. _ ................................... , ..................... . 810 
Chert; limesto.ne, so.me rapid effervescence; gypsum ; a few grains o.f 

clear quartz; yello.w·gray in mass ... --................................................ . 830 
Limesto.ne, light blue· gray, rapid reactio.n, with gypsum, so.me chips o.f 

limesto.ne and gypsum to.gether; so.m!! gray shale in chips ................ 840, 850 
Do.lo.mite, bro.wn·gray, co.mpact, subcrystalline .......................................... 860, 870 
Do.lo.mite, green·gray, highly argillaceo.us, a little :tine ro.unded quartz 

sand imbedded ....................... __ ............ _ .................................................... . 880 
. Do.lo.mite, blue· gray, in fin.e meal; much gypsum in meal and larger 

grains ...... : .......... , ...........................................................•............................ 890 
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Ordovician: 
Maquoketa shale (110 feet thick; top 152 feet below sea level): 

Shale, dark blue· gray, hard, dolomitic, in chips ................................ 900 
Shale, red, plastic ............................... ~..................... . ... . ............................ 910 
Shale, drab ................................................... _: .......................................... 920, 930 
Shale, light blue·gray; 4 samples ............... ,_ ......... _ .. _._ ...... _ ................. 940-970 
Shale, brown·gray; with chips of dolomite, soft, buff, argillaceous 980 
Shale, light gray, plastic ., .............. _ .................. _ ... _ ............ _................... 990 
Shale, light brown·gray, dolomitic with microscopic crystals ............ 1000 

Galena to Glenwood inclusive (280 feet thick; top 262 feet below sea 
level) : ' , 
Dolomite, brown'gray, with light yellow· gray limestone at 1020, 

1030 ; 3 samples ........................... _ ......................... _ ......................... 1010-1030 
Limestone, light gray, rapid effervescence ; dolomite, brown·gray.... 1040 
Dolomite, brownish or buff; limestone, gray, rapid reaction; cherty , 

at· 1090 ; 5 samples ....................................................... _ ................... 1050-1090 
Limestone, light blue·gray; rapid; mottled brown, showing under 

microscope crysta ls of dolomite in matrix ,of brown, rapidly 
effervescing limestone; green shale in flakes; white chert ........ 1100 

Dolomite; chert; 1imestone; 3 samples ................................................ 1110-1140 
Dolomite, buff .......................................................... :................................. 1150 
Limestone, moderately rapid and rapid effervescence, buff and 

light yellow ........... _ ...................................... , ....... : ..... , ..................... . 
Limestone, light gray and light brown·gray, rapid effervescence, 

1160 

highly cherty at 1180 ............................. _ ......................................... 1170, 1180 
Dolomite, buff; limestone, light gray, rapid reaction; chert .......... 1190 
Dolomite, buff, a little cryptocrystalline silica and :fine irregular 

, grains of clear quartz; a little limestone .: ................................... . 
Limestone; light gray, rapid response; some dolomite ..................... . 
Limestone, chocolate·brown, rapid effervescence, inflammable ......... . 
Dolomite,. gray;, some limestone showing rapid reaction with acid; 

some quartz sand in fine well rounded grains ............................. . 
Limestone, gray, earthy, rapid reaction, in small chips ................... . 
Dolomite, gray, . in, :fine meal ................................................................. . 
Sandstone (Glenwood beds), :fine grains well rounded and frosted; 

much limestone and dolomite in small chips ............................... . 
Shale (Glenwood), dark gray·green, pyritiferoiIs ............................. . 

Saint Peter sandstone (40 feet thick; top 542 feet below sea level) : 
Sandstone, white, grains up to 1 mm. in diameter, usual facies of 

Saint Peter; dark fissile shale from above .. _ ............................ . 
Sandstone, as above, very :fine at 1300; at 1320 :fine and coarser 'up 

1200 
1210 
1220 

1230. 
1250 
1260 

1270 
1280 

1290 

to 0.8 mm. in diameter; with some chert ...................................... 1300-1320 
Prairie du Chien: . . 

Shakopee (210 feet thick; top 582 f eet below sea level)-
Dolomite, gray ............................................. _ .......................................... . 
Dolomite, yellow·gray; a little qual'tz sand and white chert ........... . 
Dolomite, wi h more or less quartz sand; oolitic at 1410, cherty at 

1330 
1340 · 

1390, 1410·1450, 1500; 16 samples ' ....................•........................... 1360-1530 
New Richmond (100 feet thick; .top 792 feet below sea level)- ' 

Dolomite, yellow gray, cherty, siliceous· oolitic, with much quartz 
sand, 5 samples ............................ : .................................... _ ............ , .. 1540-1580 

Dolomite, gray, much quartz sand ........................................................ 1590 
Sandstone, :fine, secondary enlargements; gray dolomite with im: 

bedded g-rains of quartz ................................................................. . 
Dolomite, buff. highly arenaceous, secondary enlargements. .............. . 
Sandstone, buff, secon,dary enlargements, with some dolomite ......... . 
Dolomite, highly arenaceous, imbedded grains ................................... . 

Oneota (penetrated 170 feet; top 842 ,feet below sea level): 
Dolomite, gray, much cryptocrystalline silica in minute translucent 

flakes; a little :fine quartz sand; all in :fine meal ........... _ ........ . 

1600 
1610 
1620 
1630 

1640 
Dolomite, light gray, cherty at 1750, 1760, 1780; usually some resi­

due of cryptocrystalline silica and sa~d of clear quartz; 14 
, samples ....... _ ............. , .................... : .. , ................................................ _.1650-1810 
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Driller 's Log 

DEPTH IN FEET DEPTH IN FEET 
Clay ........................................... _. 0-30 Lime, gray .............................. : ... ' 880-895 
Blue mud ...................................... 30-37 Lime, gray ................................. : 895-905 
Quicksand .................................... 37-60 Red mud ...................................... 905-910 
Sandy mud ................... _............. 60-90 Shale, blue .................................. 910-930 
Blue mud ...................................... 90-97 Shale, brown .............................. 930-1005 
Lime ............................................ 97-120 Lime, brown .............................. 1005-1015 
Sand .............................................. 120-123 Lime, gray .................................. 1015-1040 
Shale ............................ H.............. 123-125 

' Lime ..................... _ .... _ ............... lll5-127 
Lime, brown ........... : .. _ ................ 1040-1100 
Lime, gray ......................... , ........ 1100-12i6 

Shale ....................................... , .... 127-165 
Blue mud .................................... 165-180 

Lime, red ............................. _ ..... 1216-1222 
Shale, blue .................................. 1222-1224 

Shale, white ................................ 180-215 Lime, red .................................... 1224-1229 
Lime, gray .................................. 215-230 Lime, gray .................................. 1229-1260 
Lime, soft ........................... _....... 230-350 Sand, gray ... _ ............................. 1260-1265 
Shale, blue .................................. 350-365 Lime ............................. ~ .............. 1265-1271 
Sand, soft ................................. _. 365-371 
Shale, blue .................................. 371-385 

Shale, blue ..........................•....... 1271-1287 
Sand, St. Peter .......................... 1287-1322 

Shale, brown ....................... : .. _ .. 385-400 
Shale, white ................................ 400-600 

Lime, 'gray .................................. 1322-1475 
Sand ............... _ ............ : ................ 1475-1482 

Shale, brown ..................... _ ....... 600-605 Lime, 'brown ... _ ........................... 1482-1500 
Shale, white ......... _ ..................... 605-655 Sand, white ................................ 1500-1530 

. ' Lime, broken .............................. 655-675 
Shale, white ............... _ ............... 675-702 
Lime, white ............... _ ............... 702-775 

Lime, sandy ................................ 1530-1550 
Sand .............................................. 1550-1650 
Lime, white .... : ........................... 1650-1665 

Sand, white .................................. 775-780 Sand, white ......... _ ........... : ........... 1665-1685 
Lime, brown ... _ ........................... 780-800 Sand and lime ............................ 1685-1785 
Lime, white .................................. 800-865 Lime, brown ................................ 1785-1798 
Lime, brown ................................ 865-880 Lime, brown ................................ 1798-1815 

, " 
Mineral Content of City Well, Brighton" 

P.P.M. ' 
Bicarbonate ...................................................................... 300.1 
Chloride ............. :.............................................................. 69. 
Sulfate ............... _ ............................................................. 470.8 
Silica ..................................... :.......................................... 12.8 
Fe,O.+Al,O, ..... _............................................................. 7.1 
Calcium ............................................................................ 64.3 

~:~st:s ·N~··:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 1~~:~ 
Total solids .............................................................. 968.8 

BURLINGTON 
(Altitude 590 feet, C., R. I. 4- P. !lY.) 

WELL OF THE HOTEL BURLINGTON 

This deep well was drilled in 1924 by E. F. Jones of Burling­
ton. The depth. is 585 feet and the diameter' 5 inches. The head 
is 25 feet above the curb. Casing is driven about 150 feet into 
rock; The water is used only for the coils of an lce-makinK ma-
chjne. The cost of the well was al;>out $1100. . 

* Analysis by ,Harry F . Lewis, Chemical Laboratory, Cornell College, Mount Vernon,1927. 
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WELL OF THE BURLINGTON FRUIT COMP.ANY 

In 1924 a well was completed for this company by E. F. Jones. 
The depth is 675 feet and the diameter 5 inches . . The principal 
supply was found at about 300 feet. The head is stated to be 50 
to 60 feet above the curb. , The well is cased to above 250 feet; 
its total cost was $1350. 

WEL;L OF THE JOHN BLAUL'S SONS COMPANY 

This well, 613 feet deep and 5 inches in diameter, was drilled 
by E. F . . Jones in 1924. \iVater was found at 550 feet. The or­
iginal head was 18 feet above the curb and in 1926 it was 14 feet. 
The flow per minute is 25 gallons. The cost of the well was $1200. 

Chemical A.nalysis 'of Water by Dearborn Chemical Co., Peoria, Ill. 

MINER.AL GRAINS PER GALLON 
Silica .... _ .... ___ ____ __ ______ ____ ________________________________ __ _____ / .991 
Oxides of iron and aluminum _________________ __ _______ .070 
Carbonate of lime ________ _____________________________________ trace 
Sulphate of lime __ ________ :_____________________ ________________ 61.451 
Carbonate of magnesia __________________ ______ ____________ 11.220 
Sulphate of magnesia _______________________________________ 19.432 
Sodium and potassium sulphates ____________________ 80.258 
Sodium and potassium chlorides ____________________ 23.800 

Total mineral solids _____ _________________________ ___ _ 
Total incrusting solids _______________________________________ . . 
Total nonincrusting solids .............................. .. 

197.392 
73.732 

123.660 

The directing chemist of the Dearborn Company reports tp.at 
the water is very difficult to handle' from a scale-forming and also 
a foaming standpoint, and is not recommended for boiler pur­
poses under any conditions. 

BURT, KOSSUTH COUNTY 
(A. ltitude 1177 f eet) 

CITY WELL NO.1 

This well was drilled in 1916 and is 517 feet deep. The diam~ ' 

eters are 8 and 6 inches. A little water was encountered at 95 
and 165 feet, but the principal supply was found at 517 feet. 
The static level on completion was 24 feet below the surface, 
where it still remairis. The pumping capacity is 95 gallons per 
minute-two and one-half times the maximUm consumption of the 
town~ The casing is 8 ' inch~s to 184 feet and 6 inch casing to rock 
at 264 feet. 
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. CALIFORNIA, H.AB.RISON COUNTY 

OIL PROSPECT OF H.' R. COULTHARD 

, This drill hole was sunk about a quarter mile north of the sta­
tion on the Missouri river flood: plaiJ,l at an elevation of about 

·10'10 feet . above sea leveL The upper strata represented by the 
samples are evidently Mississippian. The Saint Peter sandstone 
was not reached, but the lowest dolomites may belong to the . , 
Galena. . . 

Record of Strata . 
DEPTH IN FEET 

Nq samples ... __ .. __________ . __ . __ . __ . __ .. ___ . __ . __ . ____ . ______ . ____ .... ____ .. __ ... __ . ____ .. ____ ...... __ ......... __ ... __ .. 0-360 
Limestone, light yellow·gray, ooli~ic, brisk effervescence in cold dilute HCl; 

in sand __ .. __ .. __ .. ________ .. ________ .• __________________ ... __ ..... ________ .... __ .... _ ........... __ .................... 360-365 
Limestone, light gray, earthy, rapid effervescence, with imbedded calcite 

crystals; in rather large chips __ .. __ ...... __ ......... ____ .. __ . ______ .~ ____ .. __ ......... __ .. __ .. _ ... 464-481 
Limestone, light yellow· gray, oOlitic (f), rapid effervescenCe; in sand .......... 595-614 
Dolomite, light buff in mass, in fine sparkling crystalline sand ... _ ................. 614-628 
Dolomite, or magnesian ' liIflestone, buff, in fine crystalline sand, rather 

slow effervescence .............. : ................................................. _ ................... :........ 655 
Dolomite, brown, fine crystalline·granular; much white chert ._....................... 662 
Dolomite, buff, in fine sparkling sand; limestone, drab, fine crystalline· 

granular, argillaceous, rather rapid reaction in acid, with sporadic 
'calcite crystals, in chips .......... __ ...................................................................... 692 

Shale, blue; limestone, blue· gray, and yellow·gray, rather slow effervescence; 
some flint and chalcedonic silica; all in chips ._ ............ : ......................... _... 780 

Shale, blue· gray, calcareous ......... _ .......................................................................... 780-790 
Dolomite, light gray,- in fine crystalline sand ........................................... _ ........ ,' 810-816 
Dolomite, light gray, crystalline· granular, soft, cherty, somewhat more 

rapid effervescence than LeClaire dolomite; 2 samples ............................ 967,978 
Dolomite, buff, in coarse sand, some grains of rapid effervescence ................ 970-1045 
Limestone, drab and yellow· gray, rapid effervescence, much Qright green 

-' . shale' in waterworn chip's ................................ : __ ........................... : ................. 1145-1150 
Dolomite, light gray, in sand, with shale as above ......................... _ ................... 1150-1190 
Dolomite as above, and shale as above .... __ ... : ...................... ~ .............. _ ............ _ ... 1209-1228 
nolomite, gray, much white chert, some chalcedonic silica ..................... _ ......... 1228-1300 

. Chert, white; dolomite; light gray ....................................................... _ ............... 1360-1460 

CALMAR, WI¥NESHIEK COUNTY 
(Altitude U5B feet) 

In 1922 a well 398 feet deep was co~pleted for the Chicago, . 
Milwaukee and Saint Paul Railway Company by James Kushar 
of Plymouth, Iowa: 
: The static level is 77 feet below the surface of the ground, and 

is: lowered 11 feet when the well is pumped at its capacity of 165 
gallons per minute. At 376 feet a test was made which showed.a 
static head of' 84 fee't with a draw down of 34 feet, when the well 
waS 'pumped at the rate of 160 gallons' per minute. At' 177 feet 
the-well was tested at 25 gallons per minute and the static level' 
of 85 feet was lowered within 2 feet of the bottom. 
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.' .Driller's Log 
DEPTH IN FEET . 

Pleistocene (64 feet thick) : 
Yellow clay ..................... , ............... : ........... :: ........................................ ,............. 0-30 
Blue clay .............. : .......... , .......................... :....................................................... 30- 64 

Maquoketa (123 feet thick) : . , . 
Limestone ....................... : ....... , ....•......................................................................... ' 64-110 

~~~!na~!t:~:~~!O~~ .. ~~~~ .. ::::::::::::::::::::~:::::::::::::::::::::::::::::::: ::::::: :~::::::;::::::::: i~~= i~~ 
Brown lime and sandstone ................................................................... :. ......... 132-141 
Limestone ...•................. _ ......... : ........................................ ~.................................. 141-148 · 
Shale 'and li..rr).estone .... , ............ :.: .....•.............. .' ........... , ...... _ ......... , ...... : ... , ........ 148-177 
Limestone and a little shale ............................................................................ 177-187 

Galena and Platteville (penetrated 221 feet) : . 
Hard limestone' ............... _ •... _ ............ ,-'-._ ....•.............................•........ , ..... , ....... 187-248 
Limestone and shale in layers ........................................... :............................ 248-268 
Hard limestone ... : ................ , .......... , .... : ................ : .. _ .•. c ••••••••••••••••••••. : ••••••• : •••••••• 268-276 
Hard limestone and a few layers of shale .................... : ............................... 276-308 
Hard brown limestone and some shale .......................................................... 308-318 
Hard brown limestone ............ : ...................................................... ~ .................. 318-378 
Soft porous brown limestone ...................... : ................................................... 378-395 
Hard brown '~estone ............ : .............. , ...................................... , ........ _ ......... 395-398 

N otes.:-Comparing the above seCtion witli those of 'wells nos. 
1 and 2 of the railway company at Calmar4 3 it will be seen that 
the thickness of the Maquoketa in wells nos. 2 and 3 is precisely 
the same and is 23 feet less than that recorded for well no. 1. 

The in:t~,r.val from 248 to 310 feet is reported in well no. 2 ' as' ; 
"shale, "·· in well no. 1 as "limestone," and in well no. 3 more ac- . 
curately, no d.()Ubt, as "limestone arid shaie in layers';' "lime-'.,:, 
stone and a 'few layers of shale" and "limestone and some" 
shale." . '. .. .. 

Well no. 1, drilled to the depth of 1223 feet, found the Saint:; 
Peter at 608 feet, the Prairie du Chien at 675, the Jordan at 1000 
and ' the Trempealeau dolomite of the Saint Lawrence at 1120 ' 
feet. " . 

CEDAR RAPIDS 
. (Altitude 725 feet) 

J • '. 

WELL OF T. M. SINCLAIR COMPANY 

,I , 

This well w:as drilled by the J. P : Miller Artesian Well Com- ' 
pany of 'C.hicagq 'in .19:J.1!· The depth is 1~71 feet, the diameters', 
are 1-2 iJ'!.che.s to 415 feet, 101,4 inch~s to 682 feet and 8 inches to 1 

the bottom. . ," . . . ., . 
. . . . . ' l 

At 301 feet (Niagaran limestone) water stood 4 feet below the ' 
surface and yielded 200 gallons per minut~. . 

43 Underground Water Resources of Iowa, vol. XXI, Ann. Rept. : Iowa Geol. Survey, pp, 
414·15. 
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At 410 feet (Niagaran limestone), the static level remaining 
the same; a tee was placed 9 feet from the surface and the water 
flowed 50 gallons per minute into the reservoir. At 1130 feet 
(Prairie du Chien ) an additional supply was struck and at 
1225 (Prairie du Chien ) the flow into the reservoir was 85 
gallons per miriute. At 1300 feet the flow measured 125 gallons, 
and at 1330 feet 260 gallons. Crevices were encountered at 1370 
feet with an increase in flow to 300 gallons per minute. At 1430 
(Jordan) the flow decreased to 200 gallons per minute and re­
mained unchanged to the completion of the well. The well was 
later found to have a pumping capacity of 900 g.p.~. 

Temperat1!re of Water 

At 301 feet ................................................. _ ......... 540 Fahr. 
At 875 feet ............................................................ 59 0 Fahr. 
At 1225 feet ............................................... _ ........... 59lh 0 Fahr.' 
At 1330 feet ................................ ~ ........................... 60lh 0 Fahr. 

Driller's Log 
DEPTH IN FEET 

River sand deposit, quicksand on rock ... :.............................................................. 0-70 
Lime rock, gray·blue (Devonian and Silurian) .................................................. 70-420 
Shale (Maquoketa) ............................................................................................. , ..... 420-680 
Lime, white, with trace of shale at 910 ................................................................ 680-925 
Quartz an,d 'iron pyrite, at ..................... : .......................................................... ,..... 925 
Li:qte, grayi-sh .............................................................................................. ,"............... 925-985 
Sand (Saint Peter) , .................................................•.... ~ ......................................... 985-1015 
Lime (Shakopee) ...................................................................................................... 1015-1050 
Sandy lime (New Richmond included) ................................................................ 1050-1225 
Lime (Oneota) .......................................................................................................... 1225-1400 
Sand (Jordan) .......................................................................................................... 1400-1471 

WE~ OF PENICK AND FORD, LTD. 

This well is one of several of about the same depth which have 
been drilled in the business district of Cedar Rapids and :which 
tap the waters of the Niagaran limestone. 

The well, 430 feet deep and 6 inches in. diameter, was drilled by 
Chas. D. Nolan of Cedar Rapids in 1924. The principal supply ' 
was found at 400 feet "above Maquoketa shale", and other viens 
were struck at 65, 145 and 240 feet. The static level is 7 feet be­
low the curb; the pumping capacity under air is 110 g.p:m. The 
cost of the well was $1290. 



NEW WELL AT CHARLES CITY 

CHARLES CITY 
(Altitude 1011 f eet) 

CITY WELL OF 1928 

133 

The first artesian well of this city was drilled in 1906 and is 
described in the report on the Underground vVater Resources of 
Iowa. The natural flow on completion Was 200 g.p.m. and the dis­
charge under a vacuum of 7 pounds' 900 g.p.m. In 1928 the dis­
charge is reported as .250 g.p.m. under a centrifugal pump. 

Increased consumption as ;ell as the decreased yiel<;i of the old 
well made anew well necessary. The second well was drilled 
1540 feet from well no. 1· in order to prevent interference as far 
as conveniently possibie. It was completed in 1928 by the Mc­
Carthy Well Co. of St. Paul and Minneapolis. The depth is 1385 
feet, 202 feet less than that of well no. 1, which penetrated the :::5t. 
Lawrence formation to the depth of 337 feet, at least 187 feet ot 
which were the dry Franconja beds. The diameters are 20 inches 
to 70 feet, 16 inches to 122 feet, 13· inches to 593 feet, and 10 
inches to bottom. The principal supply was fo-qnd at 1190 feet 
in the Jordan sandstone. Another water bed was struck 'at 718 
feet near the top of the Saint Peter sandstone. 

The static level is 13 feet below the surface. The pumping 
capacity is 300 g.p.m. with a draw down to 100 feet below the 
surface of the ground with a turbine pump set at 120 feet. The 
head of the Jordan sandstone water is lower than that of the 

. Saint Peter sandstone, as the well flowed after a day's shut down, 
when· it had reached the depth of 735 feet. The well is cased with 
70 feet of 20 inch pipe outside the 16 inch pipe which extends 
from the surface to 12 feet. A 10 inch liner extends from 593 
to 787 feet. 

Recor.d of strata of City w.ell no. IB, Cha1'les City 
DEPTH IN FEET 

No samples .......................................................................................................... . 0-70 
Devonian (114 feet thick, first sample at 941 feet above sea level) : . 

Limestone, yellow, fine'gr,ained, earthy, slow effervescence . in cold 
dilute HCI ....... _......................................................................................... 70 

Limestone, light brown· gray, crystalline, rapid effervescence ........... _..... 80 
Limestone, gJ:ay and dark drab, fine crystalIine'gmnular, rapid efferves· 

cence ............................................................................................................ 90 
Limestone, gray, earthy, rather slow effervescence, some rapid ................ 100 
Shale, light blue· gray, calcareous, in friable masses .................................. . 109 
Shale, blue·gray, ,plastic, in hard concreted masses, calcal'eous .................. 114 
Dolomite, yellow· gray, soft, fine· granular, compact .................................. 124 
Dolomite, gray, fine crystalline· granular, slightly porous, soft, some 

blackish spots ....... : ................... : ................. ;.............................................. 134 

• 
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L\mestone, magnesian or dolomite; :fihe- ~crystalline·granular, porous, 
moderately slow effervescence ..................... _ ........................................ . 

Limestone, blue·gray, · argillaceous, obscurely fossiliferous with calcite 
144 

casts, rather slow effervescence; some chert ..................................... . 
." Dqlomite, :fine crystalline'granular, gray ............................. -:~_ ................ : .. . 
. Limestone, light and dark 'gray, argillaceous, earthy, ' moderately 

154 
164 

I rapid effervescen.ce ...................................... , .............. _ .................. c ......... . 174 
Ordovician: 

Maquoketa (90 feet thick; to'p 827 feet ·aboye sea level)-
Shale, light gray, calcareous, in friaQle masses; considerable :fine 

sand of clear quartz iIi irregular grains and a few crystals .... 184, 19'4 
Dolomite, gray, porous; and light ,blue, highly argillaceous ...... ,..... . 204 
Dolomite, gray, argillaceous at 224, drab at 244 feet; 4 samples .... 214-244 
Dolomite, light brownish drab, some vesicular, argillaceous ... _....... . 254 
Sandstone, blue·gray, argillaceous, dolomitic, in chips, grains. fine, 

fairly well rounded ........................... __ ...................... ..: ........ _ ........ , 
Galena·Platteville (361 feet thick; top 737 feet above 'sea level)­

. Limestone, gray and brown·gray, soft, argillaceous, :fine-gra,nrilar, 
rather slow effervescelice, obscurely fossiliferous in white 
calcite ........................... _ .................................. _ ............ , ................... . 

Limestone, in mass yellow'gray, rapid effervescence; much white 
chert; :fine rounded grains of quartz sand; all concreted in 

264 

274 . 

friable masses ......................... _; ......... _ ....... c •.•••• , ...... ... ..................... 284, 294 
L~mestone, light yellow· gray, granular, rapid effervescence ._ ..... ~..... 304 
Limestone, light and darker gray, 'argillaceous, 'rather coarse· gran· 
: ular, rapid effervescence, in concreted masses ........................... . 324; 
Shale, gray, in rather difficultly friable masses concreting gr~y 
.' limestone and white chert ............................. _ ....................... : ........ . 334 
Lime~tone, gray, earthy, :fine· grained, rapid effervescence, in 

chips; 3 samples ................................................................. _ ........... 344-364 
Limestone, gray, earthy, in large flakes, fossiliferous, rapid ef· 

fervescence ............................. _ ........ , .................................................. 374,384 
Limestone, gray and light yellow· gray, rapid effervescence, fossil· 

iferous at 404, gray flint at 494 and 504; 20 samples ._ ............. 394-584 . 
Limestone, light yellow'gray, ' earthy, rapid effervescence, in sand 
. concreted with argillo·calcareous powder; 5 samples .............. , ... 594-634 

Glenwood shale (73 feet thick; top .376 feet above. sea level)-
. Shale, in light blue· gray concreted mass, highly calcareous with 

grains of limestone; residue of :fine grains of quartz sand~ 
larger ones rounded; chert; pyrite ............................................... . 

Shale, light gray, in concreted mass with some light gray limestone 
Shale, dark brownish drab and greenish gray, unctuous, hard .... : .. . 
Shale, brown· gray in mass, some greenish flakes ............................... .. 
Limestone, -yellow·gray, earthy, rapid effervescence, with some ' 

flakes of dark 'shale, ali 'concreted with argillo·ealcareous pow· 
der into tough mass ............. _ ............................ _ .............. _ ............ . 

635 
645 
665 \ 
675 

685 
Shale, rather dark blue· green and drab, slightly calcareous, with 
. some quartz grains at 705; in tough masses ..................... _ ......... 695, 705 

Saint Peter sandstone (68 feet thick; top 303 feet above sea level)­
Sandstone, grains of Saint Peter facies, larger ones 1 mm. diam--

eter, concreted in sample with powder ' of shale in blue· gray 
mass ................. ~ .............................. : ............ _ ...................................... ~ 

Sandstone, as above, but a little :finer, concreted with argillo· 
calcareous powder ill light gray, rather difficultly: friable mass 

708 

af 718, blue· gray at 728, a little green shale at 738; 3 samples 718-738 
Sandstone, ·light gray in mass, larger grains less than 0.5 mm. iil 

diameter, some concreting powder but easily 'friable : ..... : .. : ...... 
'Prairie du Chien (404 feet thick; top 235 feet above sea level)- . 

Dolom~te, broWn.gray,.in c~ips, with '~uch quartz sand ::: ............. ,. 

~~los~~~i~r.~.~~.~.~~~: .. ~ .. ~~~~.::::::::::::~:~::::~ :::::::::::=:::::.:::::::=~::::::::::.:::::: . 

758,768 

Dolomite, gray, in small chips; some quartz sand . and shale ... _ ...... : .. 

. 776 
786 
796 
806 
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No sample ................................. _............................................................... 816 
Dolomite, gray; 4 samples ........... _ ................ _ ....................................... . 826-856 
Sandstone, fine rounded grains of .. clear quartz; some dolomite with . 

imbedded grains ......... : .................... : .. : ............... _............................... 862 '. 
Sandstone, highly dolomitic, pyritic ................................... :................ 872 ' 
Dolomite, gray, in clean chips .... , .. ,.: ......•....... _ ... : .... , .............. :............... 874 
Dol.omite, with <l,uartz sand c~~creted with powder of light green ", , ' 

shale ................................ : .......... , ............. :.......................................... 884 · 
. Doli)mite, gray ........... ~ .......................... , .................................................. 894, 904 

Dolpmite, gray, with quartz sand and powder of shale concreted in , 
rather difficultly friable light gray mass; ' a little white chert 914,924 

Dolomite, gray, in chips ....................................................... ~........ ... .... .. . 934 
Sandstone, grains rounded, with dolomite chips showing imbedded 

grains .......................................................................................... :........ 940 
Dolomite, gray, showing minute round holes as from removal of 

oolit.es; considerable quartz sand, larger grains about.! =. 
in diameter .............................................................................. ,.......... 950 

Dolomite, gray, imbe¢lded grains of quartz sand; siliceous oolite; 
much loose ' quartz sand; powder of shale; all in hard light· 
gray concreted mass ................................. _..................................... 960 

Dolomite, gray .......................................................................................... 970 
Sandstone, larger graius 1.5 mlTh diameter, with much. gray dolo· 

mite ........... _......................................................................................... . 980 
Sandstone, with gray dolomite; some 'white chert .................. : .......... :.. 990 
Dolomite, gray, blue'gray, yellow'gray, whitish; cherty at 1010, 

1020, 1070, 1080; considerable quartz sand at 1030, 1050, . 
1150, 1170; 18 samples ... _ ............................................ : .................. 1000-1170 

. Cambrian: . . 
Jordan sandstone (90 f eet thick; top 169 feet below sea level)­

Sandstone, grains of clear quartz, rounded, frosted, larger grains 
slightly over 1 = . diameter; some chips of dolomite ............ 1180 

, Sandstone, .white, grains as above ....................................... _ ............... 1190, 1200 
Sa~dstone, white, some chips of fine blue·gray sandstone with 

dolomitic .cement ......................................... _ ..................................... 1210, 1220 
Sandstone, dolomitic ........... _ ........................ _ ................... ~.................. . .. . 1230 
Sandstol1e, in loose grains; some chips of fine sandstone, dolomitic .. 1240, 1260 

Saint Lawrence (Trempealeau formation) (penetrated 20 feet; top 259 
feet below sea level)c-

Dolomite, whitish, blue·gray and gray, pyritic, arenaceous ........ :..... 1270 
Shale, light blue·gray, in hard concreted masses, . inclosing much 

quartz sand and particles of dolomite, some with imbedded 
grains; perhaps a highly argillaceous, arenaceous dolomite .... 1280, 1290 

Notes:-"-The limits of the formations for the first 274 feet in' 
the above section are highly uncertain and are rendered more 
problematic by some grave disagreements between·the samples 
of the first and second city wells. The Devonian clearly extends 
at least as far down as 109 feet, and the Galena-Platteville clear­
ly begins as hjgh up as 284 feet. But as basal layers of the De­
vonian may be dolomitiztld, the magnesian beds from '124 to 164 
feet inclusive are assigned to that formation, since the underlying 
stratilIl1 of limestone appears too slightly magnesian for either 

. the .Niagaran or the Maquoketa. 
At Waverly the Niagaran has thinned to 50 feet at most. At 
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Charles City it appears to have feathered out, leaving the De­
vonian to rest directly on the M,aquoketa, as' in the counties to 
the east. And as to the east the Maquoketa may be expected to 
have lost in part its clayey shales and to have become much more 
calcareo-magnesian. The argillaceous sandstone at 264 feet is an 
unusual feature, but better placed at the base of the Maquoketa 
than with the Galena-Platteville. 

The Galena-Platteville ~s left with a normal thickness of 361 
feet and is undolomitized, as in the well-sections of Bremer coun­
ty. 

-The shales referred to- the Glenwood are abnormal in thick­
ness when compared with the Glenwood to the south and east, 
but lack nearly 20 feet of the thickness they hold at Mason City. 
At Osage they are 45 feet thick. At Charles City they embrace 
not only the usual dark blue-green shale at base, but also gray, 
blue-gray, drab and brownish shales with two seams of-limestone. 
They extend upward to the horizon of the Decorah shales of the 
counties to the east, but their arenaceous content at top seems to 
link them rather to the Glenwood. ' 

The Saint Peter sandstone is of special interestbecause of the 
clayey content (evident in the unwashed samples) of the upper 
layers. This clay. appears as a cement concreting the contents 
of the slush bucket when dry into tolerably tenaceous light gray 
or blue-gray masses, and is to be distinguished from the flakes of 
greenish shale, fallen from the Glenwood, common at this horizon 
in any well. In the first city well these argillaceous sandstones 
were placed by the writer with the Glenwood and the contour 
line of the Saint Peter in Floyd county in the report of 1912 was 
thus given a local convexity to the northeast, interrupting its 
normal curv·e. The cuttings now available lead to a correction 
and 'show clearly, as the cuttings of the first well did not, that the 
dolomites of the Prairie du Chien begin at 776 feet. 

The Jordan sandstone was struck at about" the same level in 
both wells and was found to be o.f about the same thickness. 

The Saint Lawrence beds were penetrated but 20 feet in well 
no. 2. The drill of well no. 1 had explored them to a depth of 
337 feet, of which the lower 187 feet at least is referable to the 
Franconia. A gap of 120 feet in the sample cuttings made it im-
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possible to demark the Trempealeau and the Franconia. As at 
Waverly and Sumner the Saint Lawrence, so far as cuttings 
show, is here composed mainly of shales. 

ClI'tmDAN, GREENE COUNTY 
(Altitude lUl feet) 

Log of Wm. Becker, driller 
DEPTH IN FEET 

Soil ................................................................................................... _......................... 0-18 
Sand and a little water ....................................................•....................................... 18-23 
Blue clay .................................................................................................................... 23-186 
Rock ................. : ................................................................................................. :.......... 186-2.0.0 
Shale and slate and a little water ......... __ ....... ~ .......................................... _ ....... 2.0.0-412 
Cap rock, very hard .......................................................................................... .' ....... 412"744.0 
Lime rock and more water ....................... _ ............................................................. 44.0-495 
Brown rock almost as hard as granite ................................. _ ............... _ ............. : 495-64.0 
Sand rock with more water; head 7.0 or 8.0 feet below curb .............................. 640-7.05 
Gray rock, more water; head 65 feet below curb ........... _................................... 7.05-773 

This well was drilled a year or two previous to 1915. Its diam­
eters were 9 to 6 inches and it was cased to 413 feet. It failed to 
yield a satisfactolY supply and two wells 160 feet deep, with 
diameters, one of 4 inches·, the other of 8 inches, were drilled 
later. These wells end in sand and yield an abundant supply. 
The town has nearly a mile of mains. 

CLARINDA 
(Altitude, lOU feet) 

On Nevember 5, 1928, Iowa's First Oil Developing Company 
of Clarinda began the drilling of Wilson ·no. 1 oil prospect hole. 
It is on the bottom lands of Nodaway river four miles south of 
Clarinda, on the 'Wilson farm, in the southeast quarter, south­
east quarter, section 24, T. 68 N., R. 37 W., in Page county. The 
drillers were G. H. Rose and Son of Maryville, Missouri. The 
well was begun with a diameter of 151f2 inches and Was lined with 
151f2 inch casing to 25 feet. Thence the hole is 121f2 inches in 
diameter to 506 feet and is cased with 121j2 inch pipe to that 
depth. Below this point the diameter is 10 inches to 912 feet with 
10 inch casing. At 912 feet the well was reduced to 8 inches with 
casing of the same sIze and was' still at this size at 1530 feet. 

Record of strata of Wilson N o.1 oil prospect of Iowa's First Oil Developing Co., 
Clarinda 

DEPTH IN FEET 

Pleistoce~e and Recen~ (25 feet thick; top about 988 feet above sea level): 
GlaCIal clay, yellow, sandy, noncalcareous ...................................... :........... .0-1.0 

" 
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Pennsylvanian: Missouri series (690 feet thick; t9P . 963 ~e.et ab9ve sea 
level) : 

Limestone, gray, ' fine· textured, iIi light gray powder and chips, re· ·· 
sponds readily to acid; 25 to" 31 'and ...... , .. , ....... _ .... ,,,.......................... 33-36 : 

Shale, blue, 'gray, drab, sandy ..... _ .......................................................... :.... 36-40 
Shale, dark gray, calcareous, some small clear specks may be selenite 

(gypsum) ........... ~ ............................ ;.: ....................... : ........ ~ ..... _.................. 51..:.60 
LiInestone, light gray, finely crystalline ........................ _ ...................... _....... 70-80 
Limestone, dark gray, finely granular, some Fusulina ................. _ ... :.,..... 80-83 
LiInestone, or liIny shale, in fine strongly calcareous concreted powder, 

. light gray, some sand grains which may be from above .,.................. 83-94 
Limestone, light gray, fine· grained ........ , ...................... : ... , ....................... ,..... 94-102 
Shale, bluish gray, very fine'grained, very slightly calcareous ...... , ......... 102- 140 
Limestone, dark- gray, very fmely graIl:ular ....................... _ .......... _ ............. 140-144 
L4nestone, light gray, finely sugary, many small specks qf pyrite ........ 144-150 
Shale, very smooth feel, rather light gray, nop.calcareous .......................... 150-160 
Limestone, light gx:ay, fin~ly sugary ......................................... _ ................... . 160-165 < 

. Shale, dark gray, very finely gritty, liIny; 2 samples ................................ ,'340, .349 
LiInes~one, dark gray, very fine·grained ....................... _ .............. _ ..... , ..... ,. . 353 
Shale, bluish, purplish, fine'grailled, limy; 4 samples .............................. 355-372 
Limestone, gray, in fine powder and grains. Label says "salt . water". 

Sample of water is decidedly salty ....................................... _ ............... 385-392 
Shal!', gray, liIny, chips of limestone at, 435; s.ome bluis~ anq. whitish . 

at 450; 6 samples ..................................................... _ ........... _ .................... 418-450 
. Limestone, light gray, finely' sugary, some darker :flakes are h!l.Td shale . . 

lik~ ,tha~ ~t 440; "~op of lime below No. 27" ._ ........... _...................... 450 
Shale, light and dark gray, finely gritty, limy; 3 samples ... __ ................... 452-460 
Limestone, dark gray, soft, very fine'grained, much very fine dark ' clay 

residue ............. _ .............................. _ .................................. _ .. _ .................... 462-465 . 
Shale, dark gray, fine· textured, very little lime ........... _ ................ : .... _ ...... 465-467 
Limestone, light gray, finely sugary ... _ ................ _ .................................. _. 467-470 
LiInestone, white and light gray, in fine powder which is almost entirely 

soluble in cold acid .................................. : .. _ .......... _ ............................... 470-473 
Limestone, gray, sugary texture; 2 samples ... __ ......................................... 473-477 
L~mestone, blue.graYi 

fine texture ..... _ ......................................................... 477-480 
LImestone, gray, fine y sugary texture ................................. : ... _ ................... 480-484 
Limestone, .dark gray, almost black when wet, finely sugary texture, 

. some shale; 2 samples ........... _ .. _ .. _ ...................... _ ..... , ........................... 484-493 
Shale, . finely gritty, dark gray; limy; sand grains 495·499; 3 samples .... 493-499 . 
Shale, light gray, 'Very finely gritty, limy; 2 samples ............ : ................... 499-504 
Limestone, light gray, in coarse powder, effervesces very freely in . 

'. cold acid, some residue probably siliceous· ............. : ......... _ .. : ................ 504-505 
Shale, . limy" dark. gray, soft, very smooth feel, also dark, green, yery 
. firiely granular, hard .......................................... : ..................................... 505-510 
Shale, light gray, finely gritty, limy ....................................... _ ................... 510-515 
Limestone, light gray, in chips and powder, briskly effex:vescent, a very 

little light co~ored r!,sidue ................................. _ ........... .' ........................ 515-519 
Limestone, ·light. gray, in grains and chips, packed with Fusulina and 

spines ....... _ .... _ ........................................................ _ ................................... 519-523 
Shale, dark gray, 'gritty with very fine sand; grains of limestone mingled 

in shale -; ....................... : ........ _ .......... , ............. , ........... , ....... , ...... ,. ..... __ ....... 523-530, 
Limestone, dark gray, somewhat shaly, granular, several speciInens of 

Fusulina .. : .. : ... _ ..... : ........... ~ ....... : ..... _ ....................... _ ... ~ ... : ................... ,..... 530-535 
Shale, dark gray, very finely gritty, quite liIny .......................................... r. 535-540 
Limestone, dark gray, crystalline· granular .............................................. :_ ... 540-545 
Limestone, dark gray, fragments oolitic, strong effervescence, some dark 

. residue ...................... _ ............................... ~ ................................ : ................. 545-550 
Limestone, light gray, crystalline· granular, in grains and 'chips, some 

of .whjch contain Fusulina and other light colored masses, numer· 
ous black specks, 565·571: 4 samples ................................................... , .550-571 

Shale, ' dark gray; finely gritty, lirD.y .............. _ ....................................... .' .... 5\1-577 
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Limestone, dark gray, in small chips; some black fragments which do 
not respond to a~id probably are black shale ............................... : ........ 577-581 

Limestone, -light gray, granular, ready effervescence, darker gray, 594.· . 
604; 4 samples ....................................... : .................................................... 581-604 

Shale, black, hard, laminated, numerous specks, probably mica, on 
parting planes ............................... _ .......................................................... 604-610 

Shale, very limy, or limestone, shaly, dark gray, ready response to acid 
but much dark very finely divided residue ... _ ...................................... 610-615 

Limestone, light gray, fine· grained ..................... _ ....................................... 615-621 
Lim~stone, light gray, sugary texture ._ .....................................•.. _ ............. 621-627 
Liinestone, similar to above, and shale, black, hard, very fine· textured, 

mica .specks ............... _ ......... : .... _.; .... _ ....................................................... 627-634 
Shale, b~ack, similar to above, noncalcareous, some reaction from 

mingled limy matter ....................................... : .................. , ..................... 634-640 
Shale, light gray, noncalcareous, finely gritty, hard , ................................. 640-645 
Limestoner light gray, crystalline; 2' samples ....................... _ ................... 645-652 
Shale, gray, hard, finely ,gritty, nonlaminated ........... _ .......................... _ ... 652-655 
Limestone, light gray, similar to that at 64[5·652 ........................................ 655-660 
Shale, gray, noncalcareous, ' hard, some effervescence from powder 
, in sample ..... _ .............................. _ ............ _ .......................................... _ ... 660-665 
Limestone, brown, crystalline, briskly effervescent; a little d,ark residue 

perhaps silica ................................................. _ ........................................... 665-670 
Limestone, brown, with large clay content; and shale, greenish, fine· 

" textured, limy, hard; much of sample is in powder concreted to 
hard masses; 2 samples ._ ...................... _ .................. _ ....................... ~ ..... 670-680 

Limestone and shale, greenish gray, limestone subcrystalline, shale fine· 
ly gritty, rather hard ............ : .......................... , ....... _ ............................. 680-685 

Sh!lle, gray, fairly hard, very fine·textured, very small lime content; 
some gray powder is briskly effervescent ........... _ ........ _ ..... : ...... _ ....... 685-691 

Limestone, dark gray, fine· grained, with large clay content .................... 691-695 
Limestone, gray, and shale, dark gray and brown, slightly calcareous .... 695-702 
Limestone, in white and gray crystalline granules very freely responsive 

to , cold HOI; shale, blue·gray, chocolate'colored, hard, not limy; 
pyrite; 2 samples ....................... _ ............................................................. 702-712 

Limestone, some clayey, some granular, readily soluble in cold HOI, 
light to dark gray; much shale, soft, greenish, reddish, gray, limy 712-715 

Pennsylvanian: Des Moines series (penetrated 725 feet; top 273 feet 
apove sea level)- . 

Shale, gray and chocolate·colored, finely gntty, somewhat cal· 
careous; samples contain some fragments of bright shiny 
brittle coal at 735·741 (bag says" Hit coal at 738·743, no cap 
rock") and at 741·745; 4 samples ... _ .......... _ ...................... _ ..... 715-745 

Limestone, gray, clayey, fine·grained, in angular chips and flakes, 
brisk effervescence; shale, gray, finely gritty, perhaps one· 
fourth of sample 745·748,.one·half of samples 748·750 and '750· 
755, some dark gr,ay and brown i.n second sample; 3 samples ." . 745-755 

Shale, black and dark gray, laminated, strongly calcareous above, 
less below; 5 samples ................. _..................................................... 755-785 

Shale, dark brown, hard, slightly limy; some fragments of hard 
gray finely granular limestone .................... _._ .......... _................... 785-791 

Limestone, light .gray, fine· grained, very brisk effervescence, slight 
residue; shale, dark gray, limy, carbon streaks, mica specks; 
4 samples ..................... _ .............................................. _ .... : ................ 791-804 

Shale, lig4t gray, soft, calcareous, some flakes of dark 'gray lime· 
stone ................................... _ ...................................................... _....... 804-808 

Limestone, dark gray, hard ; shale, dark gray, hard, limy; darker 
822·827; probably some differences were detected by the driller, 
as noted in his log, but the samples are very similar; 7 samples 808-841 

Shale, light and dark gray, some calcareous, some not, very fine· 
textured; 5 samples ................. _ ........ _ ............................................. 841-876 

Shale, similar to above, noncalcareous; sandstone, fine, light gray, 
noncalcareous; .2 s,amples ................................................................ 876-885 
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Shale, black, finely laminated, noncalcareous, some in large flakes; 
limestone, light gray; fine-textured ____________ ___________________________________ 885-894 

Shale, gray, very fine-textured, mostly noncalcareous; calcareous 
with some dark bI'own noncalcareous 904-906, mostly dark 
brown, noncalcareous 906-915, some gray limestone 915-920, 
somewhat calcareous 924-928, almost black . 928:955, a few 
fragments limestone and sandstone 955-964; 18 samples _________ 894-990 

Sandstone, medium gray, composed of fine sub angular clear grains 
of quartz, numerous white mica specks; shale, very dark gray, 
fine-grained, a few large chips 990-1000, abundant small chips 
1000-1005, 1010-1018; 5 samples ____ : ___________________________ : ____ _____ : ______ 990-1021 

Sandstone, like that of sample above; shale, a few dark gray. flakes, 
noncalcareous, but mostly in concreted masses of light gray, 
limy, fine-textured material ________ , __________________________________ __ ____________ 1021-1025 

Shale, light and dark as above but noncalcareous; a few grains of 
quartz sand, perhaps from above __________ . __ __ . ________ . __ ___________ __ __ "-____ ___ 1025-1034 

Shale, light tan to light bluish, gritty, calcareous; limestone, some small light gray chips ___________ __ ___________ ________________ . ___________________ . ________ 1034-1044 

Limestone, light gray, fine-grained, briskly effervescent in cold Hel; 
shale; light and dark gray, very fine ·textured, noncalcareous; . 
residue .finc, hard, whitish grains probably chert ______________________ 1044-1050 

Shale, black, very fine-textured; a few fragments of bright coal 
(log says" Coal, very inferior, 1044-1057") ; .powder of sam-
ple gives some reaction with acid, residue includes chert ____________ 1050-1057 

Shale, as above; sandstone, gray, fine-grained, in grains and small 
pebbles; a few grains of limestone ______ _____ ______________________ : ___________ 1057-1065 

Shale, light to dark gray, finely gritty, calcareous 1065-1075, mostly 
noncalcareous below; some sandstone 1113-1119; thin films . 
and lenses of limestone 1119-1125; concreted calcareous masses 
1130-1140, quartz saud 1145-1170, 1193-1206; nearly black 
1206-1245; 25 samples ____________________ __ : ______________________________________________ 1065- 1245 

Sandstone, medium gray, composed of fine sub angular clear quartz 
grains; some bluish black shale, nearly gritless ____ . ___________ . _________ 1245-1251 

Shale and sandstone as above, in approximately equal amounts ______ 1251-1265 
Shale, dark gray, similar to above, no sandstone; calcareous 1287-

1292; some samples concreted into hard masses, some in small 
chips; powdcr slightly calcareous 1320-1330, strongly so 1340-
1350, but chips noncalcareous; black 1345-1350, dark tan 
1350-1357, mixed black and tan 1364-1371, tan 1371-1377; 20 'samples _________ __ ___________________ -' ________________________________________________________________ 1265-1384 

Shale, gray and black, former finely gritty, latter almost gritless, 
all noncalcareous; sandstone, similar to those above, nearly 
equal to shale in amount; powder contains some effervescent particles; 4 samples ___________ ___ __ __ ______________________________________________________ 1384-141 0 

Shale, very dark gray, finely gritty,' noncalcareous, pyrite, a few 
small chips of coal 1417-1422; in small chips and grains, with 
some sand in :fine rounded to subang1,l1ar grains 1422-1427; 
more sandstone, in small gray pebbles 1427-1433; 4 samples _:1410-1433 

Sandstone, gray, grains fine to very fine, subangular to rounded, 
clear to translucent, a few white; a very little black shale 
1433-1435; tan, grains more even in size 1435-1461; some-

, what calcareous 1468-1474; some black shale and pyrite 1490-1495; 8 samples _________ _____________________________________ ___________________________________ 1433-1495 

Shale, black and dark gray, in small chips, almost noncalcareous, 
some pyrite; sandstone, grains similar to those in sandstones 
above, small amounts 1495-1503, equa~ to shale 1503-1512; 
mostly black shale, with much pyrite 1512-1~!30; ,4 samples ____ 1495-1530 

" -
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Driller's log, Wilson No.1 oil prospect 

CHARACTER TmCKNESS, FEET 
Soil : ...... __ __ _______ , __ _________ :__ _____________________________________ ___ __ __ ________ 10 
Sand and gravel, lots of water ________________ __ _____ ._____________ 15 
Lime :_______________________________________________________ ___ ______ __________________ 6 ' 
Shale, dark ____________________________ __ _______________ ----------________ ___ ______ 2 
Lime __ ___ _______________________________________________________________________________ 3 
Shale, dark ___ .______________ __ ______________________ ______________________________ 4 
Shale, light ____ __ ________________ _______ ___ __ __________________ __ _________________ 3 
Shale, blue _____________________________________________________ ,_________________ 3 
Lime ___ ____ :__________________________________________________________________________ 5 
Shale, gray ____________________ __________________________ ________________________ 19 
Lime .__________________________________________________________________________________ 10 
Coal and shale (inferior coal) ______________________________________ • 3 
Light shale _____ ____________ :_____________________________________________________ 11 
Lime ___________ :___________________________ _____________________________________________ 8 
Black shale _____________ ___ ____________ __ ___ _________________________ ____ _____ ___ 38 
Limy shale ________________________________________________________________________ 4 
Lime ___________________________________________________________________________________ 6 
Dark shale __ __ __ ____ ________ ____ __ ____ _______________________ _____________________ 10 
Lime ___________________ : __________ :____________________________________________________ 5 
Shale ___________________ __________ ___________ __________________________________________ 1 
Lime _________ _________________________________________________________________________ 6 
Shale, gray and black ________________ ______________________________________ 8 
Lime ________ _______________ ._____ _________________________ __ ____ ___________ ____________ 28 
Dark shale _______________________________________________________________________ 16 
White lime ________________________________________________ ~__ _____________________ 4 
Light shale __ _____________________________________ _______________________________ 8 
Red rock ____________________________________________________________________________ 14 
Light shale _______ __ _________________ ________ _____ _____________ :_________________ 70 
Brown ' shale ___________________________________________________________________ .__ 20 
Dark sandy shale ._________________ ____________________________________________ 9 
Lime and shale, broken _____ ___ __ _______________________________________ 7 
Brown shale _______________________ , __ __ ___ ___________________________________ .____ 19 
Lime __ :_-' _______________________ :_____ ______________________________________________ 10 
Water sand, salty _____ ___ :_______________________________ ___________________ 12 
Black shale . __ .___________________________________________________________________ 8 
Blue shale . _______________ ~-------____________________________________________ 4 
Brown . shale ______ ____ ____ _________________________________________ _____________ 4 
Blue shale ________ __________________________________ ___________________ ____________ 31 
White shale ___________________ __________________ __ _____________ ____________________ 1 
Broken white lime _______ ___ . ______________________________________________ . 2 
White hard lime _~ ___________ . ______ . ___________ : _____________________________ . 4 
Dark shale ______________ ,_______ ___________________________________________________ 11 
Black lime ____________________________________________ _________ .. ____ . ___ ._________ 7 
White shale _____ : ____________ ._____________________________________________________ 4 
Hard lime (white to gray to .black to brown) _____ _______ 15 
Shale, light and sticky ____________ ._~.______________________________ _____ 11 
Shale, light and sticky ._________________________________________________ ___ 5 
White lime ____________________________ .______________ ____________________________ 6 
Light shale . __________ _____ : ___________________ ______ ______________ . ___ ~________ 4 
White lime ____________________________ .___________________________________________ 10 
Dark shale _______________________________________________________________________ 14 
Lime _______ :_: _____ : ______ : ____ ._: ____ : __________ : ____________________ __ : ____________ :_. 36 
Dark shale ___________________ . ______ ___ _____________________________ .. ____ ._____ 4 
White lime __________________ . __ ___________ __ __________ ._________ ____________________ 30 
Dark shale _______________ : ______ : ___ : _________________ __ ________ . ________________ , 8 
White lime __________ __________ ____________________________________________________ . .18 
White shale _____ : ______ : __________ :. _________________ : ____ __ . ___ ___________ :______ 12 
Lime _________________________________________________________________________________ 14 
Dark shale _______________________________________________________________________ '10 

141 

DEPTH, FEET. 

0-10 
10-25 
25-31 
31-33 
33-36 
36-40 
40-43 
43-46 
46-51 
51-70 
70-80 
80-83 
83-94 
94-102 

102-140 
140-144. 
144-150 
150-160 
160-165 
165-166 
166-172 
172-180 
180-208 
208-224 
224-228 
228-236 
236-250 
250-320 
320-340 
340-349 
349-356 
356-375 
375-385 
385-397 
397-405 
405-409 
409-413 
413-444 
444-445 
445-447 
447-451 
451-46~ 
462-469 
469-473 
473-488 
488':'499 
499-504 
504-510 
510-514 
514-524 · 
524-538 
538-574 
574-578 
578-608 
608-616 
616-634 
634-646 
646-66.0 
660-670 
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Light shale .............................. , ......................... : ............... ' 
White lime ..................................................... _ .......... __ .... . 
'Light' 'shale .. : .......................................... _ ........ _ ....... ,: ..... . 
Shale, brown 'and red ... _ .......... _ .................................... . 

~~:~:; ~~~t .~~~.~ .. :::::::::::::::::::::::::::~~::::::~::::::::::::::::::::::::: ,. 
Coal ................... _ ........................................ _ ........ _ ........ _ .. . 
L'ime ................. _ .................................................. _ .. : ......... . 
Shale .......... : ................ _ .................................... _ ...... _ ........ . 
Hard lime ............................. _ .......... _ .......................... _ .... . 
Black shale ...... : .............................. ~ ................................. . 
Blue shale ... _ ........ _ .......................................................... . 
White lime ......... _ ..................................... : ................ _ ...... . 
Light gray shale ... _ ...................................... _: ......... ___ . 
Lime shale and dark shale ............ : ................................ . 
Lime (water enough to drill with) ..... , ..... _ ................ . 
Light shale ... , ................................................................... , 
Dark shale ................... _ .................................................. _. 
White lime ........................................... _ ............................ . 
Shale, light to dark ._ .......... _ ......... ~ ................................ . 
Water sand (salty) ................................. _ ...................... . 
White shale ................................. _ .................. _ ...... _ ........ . 
Dark shale ..................................... ~ .................. :_ ...... _ ...... . 
Soft sandy lime ....................................... _ ...... _ .. _ ...... _ .. . 
Light shale ...................... : .......................... _ ...................... . 
Coal (very inferior) ................................. - ........ - .......... . 
Dark shale ........................................... _ .......... _ ................ . 
Water sand (break in the niiddle) ..... _ ........ _ ............ . 
Dark shale ................... _ ............................................ _ ...... . 
Lime shell ............................................................ _ ........... . 
Black shale ... _ .... : ................................... _ .... : ................... . 
Lime sheil ......................................... _ ............ _ ................ . 
Dark shale ........................................ , ............ ; ....... _ ...... _ .. . 
Light sandy shale ... _ ........................... _ ........................... . 
Coal ..................................................................................... . 
Dark shale ................. _ .............. _ ...... _ .............................. . 
Water sand (show of oil in top of sand) ................... . 
Black shale ... _ ............ , ...................................................... . 
Water sand ....... _ ........................................ _ .................... . 
Brown shale ......... _ .............................................. _ ............ . 
Water san¢!. ........... __ ... : .. : ......................... _ ................ _ .... . 

10 
10 
12 
23 
10, 

3 
5 

' 2 
2 
8 

25 
5 

'17 
20 

8 
22 
53 

7 
6 

77 
25 
14 

4 
4 
2 

13 
188 
15 
65 

2 
64 
1 

18 
10 

2 
13 
42 

2 
3 
2 

46 

670-680 
680-690 
690-702 
702-725 
725-735 
735-738 
738-743 
743-745 
745-747 
747-755 
755-780 
780-785 
785-802 
802-822 
822-830 
830-852 
852-905 
905-912 
912-918 
918-995 
995-1020 

1020-1034 
1034-1038 
1038-1042 
1042-1044 
1044-1057 
1057-1245 
1245-1260 
1260-1325 
1325-1327 
1327-1391 
1391-1392 
1392-1410 
1410-1420 
1420-1422 ' 
1422-1435 
1435-1477 
1477-1479 
1479-1482 
1482-1484 
1484-15:W 

Notes.-The driller's log shows that the Missouri series begins 
at a depth of 25 feet below the surface. The top of the Des 
Moines series is placed at 715 feet on the shale which seems to 
have some of the feature:S of Des Moines shale, such as color and 
the presence of coaL The coal at 80 to 83, feet doubtless is the 
Nodaway bed, as its elevation corresponds quite well with that 
in the 'mines at Clarinda-900 to 920 feet above sea leveL Salt . ' 

water was encountered at 385 to 397 feet and again in the sand-
stones at 995 to .1020 and 1245 to 1260 feet. The driller says of 
the coal logged at. 738 to 743 feet: "It drilled very fast and 
while it showed some coal I rather think it was just a small 
streak. " The same was: true of the coal recorq.ed between 1044 
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and 1057 feet . .'A shale at 670 to 680 feet caused much tr'ouble 
and delay by .repeatedly squeezing into the hole. Finally the 10 
inch casing wa,.s driven past it. The well caved a little also be- I 

tween 1340 and 1410. The sandstone between 1245 and 1260 . . 
feet showed enough. gas to be detected by the odor. " 

Drilliilg ' was still 'being prosecuted in February, 1929, when 
~his report went to press. 

f'. '. CLINTON 
(Altitooe 590. feet) 

WELL OF THE WESTERN ICE COMPANY 

. ; 
'. , 
, .\' . , 

In 1927 C. W. Varnl:lr of. Dubuque completed a well for this 
, company, the first deep well drilled in the city since 1912. The 

depth is 1500 feet, the. diameters 17, i2, 10 and 8 inches. The dis.,: 
c}large is approximately 300 g.p.m: , The static level is 10 feet 
above the surface. The well started to flow at 1060 feet and con­
timied to increase to about 1330 fe~t. Below this level no further 
increase was noticed. The following casing was inserted: 12 
inches to 90 fee.t, 10' inches from 83 ·to 403 feet, 8 inchesappar-' 
ently from 710 to 750 feet,"casing out the shales above the Saint. 
Peter. . " : " 

DraIer' 8 Log 
DEPTH IN FEEic' 

Soil .......... : .................... , ....................... ~ ............ ~ ............................................... :........... . d::.1i f!' i 
Niagaran limestone .................................................................................................. 3-173 
Maquoketa shale ........................................................................................................ 173-495 
Galena lime ................................................................................................................ 495-730 

. Shale (Glenwood) ...................... : .......... , ........... _., ................. :.: ... .: ..... : ..... :: .......... : ... :. ·73():-i740' ~ 
Saint Peter . sandstone ......................................................... , ........................ , .... : ...... 7l!OL780 

r" The rest of the formation is about the same as at the American Sugar Be€t! .C~fn' 
pany's well." .. . , . .' . 

. ,q ti IPt,;!' ~; ! 1 

COLLINS, STORY COUNTY 
(Altitude 1007 feet) 

, ..... 

Previ0us to 1926 Collins had been supplied from a well 18Q. feet 
in depth. A second weU was drilled in that year by E. A.· Ford of 
Marshalltown. The depth is 384 feet. The drill p3:s~e<l: through 
·278 feet of clay, . with thin streaks of shale a;t bottom; and: ~t foots 
in rock ~~ the depth. ment~oned . . The c~pac'ity of t~~ .. well.is: 40 
g.p.m. .\ ,.... . .. ·.:i.~ 
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CONRAD, GRUNDY COUNTY 
(Altitude 992 f eet) 

CITY WELL NO.1 

The depth of this well is 606 feet and its diameters are 10 and 
8 inches. It was completed in 1915 by Edgar Ford of Marshall­
town. Water was found at 125 feet and the principal supply 
came from 606 feet. Water stands at about 160 feet from the 
surface. The pumping capacity with the cylinder hung at 240 
feet is 40,000 g.p.d.; the consumption of the town averages 5,000 
g.p.d., with a maximum of 10,000 g.p.d. The water can not be 
used in boilers. 

Driller's Log 
DEPTH IN FEET 

Clay .................................................... _ ............... _....................................................... 0-22 
Sand ................................... ~ ............................................................. _......................... 22-172 
Shale and rock ......................................................... _............................................... 172-322 
Rock ............................................................................................................................ 322-606 

CORYDON 
(Altitude 1089 f eet) 

In 1911 a well Was " sunk by the city of Corydon to a depth of 
1240 feet, when the work was abandoned as the yield was but 20 
gallons per minute. The log and some further description of the 
drill hole was published in the report of 1912 on the Under­
ground Water Resources of Iowa, but since that time a set of cut­
tings has been received, which may be described as .follows: 

Record of Strat(J, 
DEPTH IN FEET 

Pleistocene, Pennsylvanian (top 1110 feet above sea level) : 
No "rE;lcord, no samples ..•.......................................... :........................................ 0-610 

"Shale, sandy" .................................................................................................... 610-663 
"Sandstone, some water" .................................................................................. 663-731 

Mississippian (444 feet thick; top 379 feet above sea level).: 
Sandstone, light yellow·gray in mass, grains fine, of clear quartz, poor­

ly rounded; limestone whitish, rapid effervescence in cold dilute 
HCI _ ....... _ ..... _ ..... ~ .............. _ ............ _ ......... _ ......... _ ............ _ ............ _ ........... 742-748 

Chert, white, in large chips; limestone, light gray, rapid effervescence, 
in sand; chalcedonic silica ...................................................................... 770 

Limestone, dark buff, crystalline-earthy, moderately rapid reaction, in 
large flakes ........... _ .............. _ .................................... _ ....... _..................... 810 

Lime!tone, whitish, rapid effervescence, calcite .................................... _ ..... 821-831 
Limestone, blue· gray, soft, rapid reaction,· in small flakes ................... _ .... 835-841 
Limesto)le," blue· gray, crystalline-earthy, soft, rapid effervescence, in 

flakes; cherty at 875 .. __ ........................................... _ .............................. 854, 875 
Shale, blackish; chert, brown; limestone, argillaceous .............................. 895-898 
Limestone, whitish and bluish gray, macrocrystalline; white chert .. 906, 918-925 
Limestone, light cream colored, macro crystalline, rapid effervescence; 

chalcedonic silica and limpid quartz ._ ................ _ .... _ ................ __ .......... 925-928 
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Chert, white; limestone as above ....................... !... ....................................... 928-930 ' 
Chert, white, chalcedonic silica; .limestone whitish and light yellow , 

gray, rapid effervescence ........................................................................ 950-953 
Limestone, light gray, cherty ... _ .................................. _ ............................... 970-975 
Dolomite, or magnesian limestone, brownish gray, moderately slow 

effervescence; some cryptocrystalline silica .......................................•.. 1000 
Dolomite, as above, in fine' sand; white chert; chalcedonic silica; chips 

of clear quartz; pyrite; 3 samples ........................................................ 1018-1036 
Limestone, blu,e·gray, rapid reaction, in fine sand; blue flint .................. 1036·1039 
Chert, white and blue·gray; limestone, light gray; some dolomite, 

brownish gray; some grains of clear quartz; pyrite; 3 samples ...... 1039-1056 
Limestone, gray, rapid response to acid; white chert; chips of crystal· 

line quart~ .................................................................................................. 1056-1077 
Limestone, light blue'gray, macrocrystalline·earthy, in flaky chips ........ 1077-1088 
Shale, bluish drab, calcareous, plastic, in concreted masses, 4 samples 

(Kinderhook) ............. : .............................................................................. 1088-1145 
Limestone, light brown·gray, earthy, rapid effervescence .... : ..................... 1145-1160 
S~ale, blue, plastic, calcareous ...................................................................... 1160-1175 

Devoman (penetrated 55 feet; top 65 feet below sea level) : 
Limestone, dark blue·gray, rapid reaction, in fine sand; much blue fissile 

shale in flakes probably from above; some flint and pyrite; 2 
samples ........................................................................................................ 1175-1183 

Limestone, gray, rapid effervescence, in sand .............................................. 1183-1210 
Limestone, light gray, rapid response .......................................................... 1210-1220 
Limestone, light gray and whitish, rapid reaction ...................................... 1220:-1230 

COUNCIL BLUFFS 

WELL NO.3, IOWA SCHOOL FOR THE DEAF 

, A well 1012 feet in depth was drill~d for this school in 1885 
and ,a second well, 1100 feet qeep, in 1889. In July, 1927, a third 
well was completed by Thorpe Brothers Well Company of Des 
Moines. The depth'is 2155 feet, the diameters from 16 to 5 and 
5/16 inches. Water was found at 55 feet and the main supply at 
1585 feet: Small veins were struck at 707, 1815 and 1900 feet. 
Water rises within 59 feet of the surface. On test pumping with 
th~ pumping cylinder at 370 feet 150 gallons per minute were de­
livered, with a: draw down to 360 feet below the surface. The well 
is cased throughout, with the exception of 500 feet of the lower , 
525 of the well. The cost of the -well was $20,000 and of the 
pumping machinery $3500., ' 

Chemical analysis of water of Well no. 9, Iowa School of the Deaf 

An anttlysis maq.e by William T. Bailey shows the foliowing 
mineral content: 

Parts per 
million 

(p.p.m.) 
Residue on evaporation ...................................................... 1389 
Volatile matter .................................................................... 122 

Grains per U. S. 
Gallon 

(gr. per gal.) 
81.705 

7.176 
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Calcium (Ca) ............................................. _ ...................... . 
Magnesium (Mg) ....................................... _ ..........•............ 
So.dium & po.tassium (Na+K) ................................ : ...... . 
Iro.n (Fe) ............... _ ............................................................ . 
Aluminum ' (Al) ............. _ .................. : ........... _ .................. . 
Silica '(SiC,) ............... _ .... _ ............................. , ...•............... 
Chlo.rine (01) ............ : ............................................... _ .....•.. . 
No.rmal carbo.nate (CO..) .......................... , .............. : ......... . 
Bicarbo.nate (HCC.) , ....................................•.................... 
Sulfate (SC.) ..... : ............................................................... . 
Nitrates (No.,) .. : .................. : ........... : ................................. . 

81.17 
95.33 

197.10 
2.00 

18.17 
41.6 
85.0 
28.0 

283.04 
658.25 

0.30 

To.tal .............................................................. 1489.96 

Hypo.thetic,al Co.mbinations: 
'Calculated 

Sodium nitrate (NaNC,) .: ......................... : ............... : ..... . 
So.dium chlo.ride (NaOl) ... _ ............................................ . 
So.dium sulfate (Na,SC. ) ........... _ ......•.............................. 
Magnesium sulfate (MgSC. ) ..................... ! ................... .. . 
Magnesium carbonate (MgCC,) .................•... _ .............. . 
Calcium carbo.nate (CaCC.) equivalent to. 328.19 

p.p.m. o.r 19.306 gr. per gal. calcium bicarbo.nate ..... . 

Determined: 
Silica (SiC,) ....................................................................... . 
Iro.n o.xide (Fe"C.) ............ , ................................................ . 
Aluminum o.xide (Al,C.) ................................... _ ............ . 

p.:(l.m. 
.41 

127.52 
452.45 
440.59 

21.83 

202.58 

1245.28 

p.p.m. 
41.6 

5.72 
34.28 

To.tal calculated ... _..................................... 1326.98 
Residue o.n evaporation .......................... ,............ 1389.00 

Excess residue abo.ve calculated & determined 62.02 

Record ,of strata, Well no. 9, Iowa School for the Deaf 

. Pleistocene and ,Recent (55 feet thick; to.p 1010 feet above sea level) : 

4.770 
5.607 

11.594 
.117 

1.068 ' 
2.447 
5.000 
1.647 

16.636 
38.720 

.017 

87.623 

gr; per gal: 
.024 

7.501 
26.615 
25.917 

1.284 

11.917 

73.258 

gr. per gal. 
2.447 

.336 
2.016 

78.057 
81.705 

3.648 

DEPTH IN FEET 

So.il, dark, pulverulent ........................... _ ................................................... _.... 0-6 
Loess·lik,e silt, buff, calcareous ...................................................................... 6-20 
Silt; bright buff, slightly calcareous, a little coarser than above, in 

friable masses, "muddy quicksand" of log, almost impalpable 
, grain; 2 samples ........................................................................................ 20--40 

Sand and gravel, yellow'gray, so.me grains o.f pink quartzite; 2 samples 40-55 
Pennsylvanian (675 feet thick; to.p 955 feet abo.ve sea level) : 

Limesto.ne, gray and buff, rapid effervescence in co.ld dilute RCl; 
much quartz sand ............................ : ............... : .............. _ ....................... :. 55-65 

Shale, black, in hard co.ncreted masses with fragments o.f gray lime· 
sto.nEl included ..........•............... , .............. _ ................. :............................... 65-75 

Limesto.ne, blue'gray, rapid effervescence; gray chert .............................. 75-88 
Shale, drab and dark drab ...................................................... , .................. :.... 88-90 
Shale, ' blue ................................ : .............. _ .............................. _ .............. : ........ :. 90-95 
Shale, red ........................................................................................ : ........ , .... :...... ,95-100 
Limest~m,e, light gray, macro.crystalline·earthy, rapid effervescence ........ 100-109 
Shale, ,blue ........... , ............................. _ ............................ _ .. _ ............................. 109-113 
Limesto.ne dark gray, fine·grained, crystalline· earthy, minute yello.w· , 

ish caicite nests, in large chips ....................................... _ ..... , ................. 1l3-~20 
Limesto.ne, drab, earthy, fossilifero.us ; fragments o.f bryo.zo.a, cyatho.· ' ' , ' 
;' I phyllo.ids, crino.id' stems, brachio.po.ds ....... , ........................... , ..... ; .......... 120-130 

Shale, blue ........... : ..... : ................................................... : .................................... 130-142 
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~t::l~~t~~ie~:;; ~~~~~: .. :::::::::::::::::::::::=::::::::::=::=::::=::=::::::::::::::::~:::::::::~:::: ~~t~g~ 
Limestone, blue·gray, minutely fossiliferous ................................................ 155-160. 
Limestone, gray, .earthy, siliceous ............................. _ ........................ , .......... 160-166 
Shale, drab, fossiliferous ........... , ............. _ ........ _ ............ _ ............................. 166-170. 
Shale, blue·gray ........................................................................... _ .... : .............. 170-172 
Limestone, gray and whitish ............... _ ...... : ...... :.:_ ....................................... 172-181 
Shale, black, inflaJ;llmable, and blue ............................... _ ............................. 181-191 
Limestone, light gray and whitish, earthy, fossiliferous with frag· 

ments of brachiopods and crinoid stems; some gray flint :, .............. 191~2O'O' 
Lim(lstone, light gray, earthy, soft; 2 samples ................ : ............ _ ........... 20.0.-220. 
Shale, black, coaly, inflammable; shale, drab .......... ~ ........ _ ......................... 22(}-229 
Limestone, gray and light gray., some soft, some harder with i1:re.g· _ 

, , war. fracture; 3 samples ...................... _ ... _ ............................................. 229-243 
Shaie, green·gray ............................. _ ............. , ................ _ ............................... 243-248 
Limestone, light gray, soft, earthy, laminated, in flakes .......................... 248-261 
Shale, cinnamon red; 3 samples ......................................... _ ......................... 261-290. 
Limestone, gray, earthy, rather soft ... _ ......................................................... 290.-30.3 
Sandstone, blue·gray, argillaceous, calcareous, micaceous, grains min· 

ute; 2 samples ................... _ ..................................................................... 30.3-320. 
Shale, .red ................................................. _ ........................... _ ............................. 320.-335 
Limestone, gray, laminated, earthy ................. _ .................................. _......... 335-344 
Sandstone, as at 30.3 ................................................................ : ..................... : ... 344-355 
Shale, black, infla=able ......................................................... : ..... _............... 355-364 
Limestone, gray, earthy ......................................................... _ ....................... 364-366 
Shale, drab, in concreted masses ................. : .................. ~ ............................... 366-375 
Limestone, gray and drab, earthy ..................................... _ ........ _ ............. ! ... 375-380. 
Limestone, yellow· gray, earthy, some speckled; 3 samples ........................ 380.-40.4 
Shale, blue'gray, in concreted masses ..................................................... _ ... 40.4-410. 
Shale, drab and black, in chips ...................................................................... 410-420. 
Shale, drab and blue· gray i 5 samples .......................................................... 420-461 
Limestone, gray, earthy; 2 samples ............................................................ 461-472 

. ~~:~:; ~:~, ·b~ff; .. bi~~··::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::~=::: !~t!~~ 
Sandstone, gray, fine, irregular grains; 4 samples ............. _ ..................... 490-525 
Shale, red, some drab at 540. and 570.; 8 samples .......... _ ................. !.. ...... 525-60.0. 
Shale, drab or blue with some red; caving at 630.; 4 samples ......... _ ....... 60.0-640. 
Shale, blue .......................................................................................................... 640.-648 
Shale, sandy, brown; some limestone ............................................................ 648-650. 
Shale, sandy .... ~ ........................ _ .............................................. : ........................ 650.-653 

~~~:: ~I~;k ·;· .. 3··~·~;;;pi;~··:::::::::::::::::::::::::::::=::::::::::::=~:::::::::::::::::::::::::::::::::::::: . ~g~=~~~ 
Shale, drab and .gray ..................... : ....... : ................... - ............. ; ................. " V " 680.-690. 
.Shale, blackish; 2 samples ................................... _ ......................................... 690.-70.7 
Sandstone, gray, fine irregular grains; much pyrite; some limestone, 

gray and drab, rapid effervescence; 3 samples ........................... : ...... 70.7-730. 
'Mississippian (430. feet thick; top 280. feet above sea level) : 

Limestone, light gray, rapid reaction in sand; some white 9paque chert 
and quartz sand; some shale ................. _ ............................................... 730.-740. 

Limestone, whitish and light gray, soft, crystalline' earthy, rapid ef· 
fervescence, in flakes; 2 samples ....................... _ .................. _ ............... 740.-760. 

Limestone, brown, slow effervescence, argillaceous, microscopically 
arenaceous .................................................... ~-........................... ..... ....... .... 760.-770. 

Limestone, gray, some of moderately slow response, some with rapid; 
fine crystalline ................................................... _ .............................. .!...... 770.-::780. 

Limestone, gray, rapid reaction, much light blue·gray chert; and hard 
very fine· grained sandstone . .:.................................................................. 780.-790. 

Limestone, . brown, moderately slow effervescence; whitish and brown 
chert; chalcedonic silica, some grains of quartz sand; 4 samples .... 790.-826 

Shale, blue, plastic, calcareous ....................................... : .... , ......................... 826-829 
Limestone, buff and gray, fine crystalline'granular, effervescence mod· 
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erately slow, some white chalcedonic silica and brown chert; 2 
samples ___ __ ___ : ________________________ .. _. __ .. ___ .. _____ . ___ .... __ ._. ____ ._ .... ______ .. _ ......... __ ._ .. _ 829-850 

Limestone, gray, response rapid and moderately slow, much chert, 
chalcedonic silica, and vein quartz _._._ .... _ .... _ ...... __ .......... __ ... __ ...... _ ... _ ..... 850-860 

Limestone, gray, rapid effervescence; silica, chert and quartz as above 860-870 
Limestone, gray, fine crystalline-granular, and earthy, rapid reaction, 

in flakes ___ ... _ ...... __ ... __ ... _ .. : ... __ ... _ ...... _ ............... _. __ ._ .. _ .... ___ ._ .. _ ... __ ._ .... _ ........ 870-880 
Limestone, whitish, highly siliceous or cherty ___ ...... _ .. __ ...... _ ....... ___ ... _ ...... ___ 880-885 
Shale, blue· gray _ ....... _ ........... _ .. _. __ ...... : ... _ ......................... _ ... _ ............. _............. 885-889 
Chert, gray; chalcedonic silica; gray cherty limestone ........ _._ ... _ ..... _ .. _ ... _ 889-900 
Limestone, gray, yellow-gray and buff, rapid reaction, much chert and 

chalcedony as above; 4 samples .. __ ... __ ..... __ ... __ ............... ____ ... _:_ .. ___ ... _. __ .. 900-940 
Limestone, light yellow-gray, crystalline-earthy, reaction rapid, in large 

flakes ._ ....... _ ... _ ........... __ .......... _ ..... __ ........ _ .... _ ...... __ ....... __ .. ___ ... _....................... 940-950 
Chert, light gray and whitish, granular, in chips, some large; limestone, 

light yellow· gray, rapid effervescence, in sand .................................... 950-960 
Limestone, yellow· gray and light buff, oolitic, rapid reaction, in sand; 

3 samples ........................... _ ............ _ ............... : ......................................... 960-990 
L~estone, buff, response rapid; much white and gray chert, some 

chalcedonic silica ........................................................... _ ... _ .............. _._ ... 990-1000 
. Limestone, gray and buff, rapid effervescence, fine· granular ; much blue 

gray chert ._ ............................................................................................... 1000-1 01 0 
Limestone, dark brownish, reaction rapid and moderately rapid, fine 

crystalline· granular, some blue·gray chert .......................................... 1010-1020 
Limestone, buff'gray, rapid response, chert as above ............... _ ............... 1020-1030 
Limestone, buff·gray and light gray, rapid reaction, fragments of 

brachiopods, gray chert; 2 samples ..... _ ............................................... 1030-1050 
Limestone, mottled gray and whitish, response rapid, flaky chips .......... 1050-1070 
Limestone, yellow'gray, calcilutite, rapid effervescence; some white, 

soft, earthy .................................................................. _ ............................. 1 070-1 080 
"Limestone, gray and white" ........... _._ ............................. _ ............................. 1080-1086 
" Shale" ......................................................... _ .................................. _ ................. 1086-1090 

Shale, light blue, green-blue and drab, calcareous, plastic; 7 samples 
(Kinder hook) ................................................ , ................. ~ ......................... 1090-1160 

Unassigned; below 1592 probably Ordovician (Galena) (thickness 995 feet, 
top liO feet below sea level) : 

Limestone, whitish and light gray, rapid reaction, in flaky chips, larger 
chips mottled; earthy·fine·crystalline, some macro crystalline ; 6 
samples ................................................... ____ ....................... _ ....................... 1160-1220 

Limestone, white and light yellow· gray, earthy-fine·crystalline; some 
shale in concreted masses ............. _._ ....................................................... 1220-1230 

Limestone, gray and whitel soft, rapid effervescence ................................ 1230-1233 
Shale, !lark gray, strongly calcareous; one large chip of finely crystal-

line, fragmental limestone .................................. _ ................................... 1233-1236 
Limestone, brown-gray ..................................................... _........................... 1236-1240 
Limestone buff-gray, rather slow reaction, much shale, some in con· 

creted masses ........................................................... _ ................................. 1240-1250 
Limestone, buff, s9me with rapid reaction, some rather slow; much shale .. 1250-1260 
Limestone, medium dark brown, response rather slow, some drab shale; 

2 samples .......... : .. : ..... ~ ...................................... , ...... _ ................................. 1260-1280 
Chert, white and light blue'gray, in large flakes; chalcedonic silica, . 

limestone and shale ......................................................................... _ ....... 1280-1290 
Shale, blue'grlol,y, calcareous, plastic; 2 samples .................................... " .. 1290-1310 
Shale, drab, in large flakes : ........ _ ............ _ ................................................ : ... 1310-1320 
.Limestone, brown, rather slow effervescence; gray, rapid; large chips of 

blue shale from above .. : ............................. _ ............................................. 1320-1330 
Limestone, drab, fine· grained, somewhat clayey, response rather slow .... 1330-1340 
Limestone, brown, rapid effervescence ............................................... ~ .......... 1340-1350 
'Limestone, light buff and light yellow·gray, rapid reaction ...... _ ............... 1350-1360 
Limestone, drab and buff, rather slow response ........ _ ................................. 1360-1370 
Limestone, drab, fine'grained, rather rapid response ................................ 1370-1380 
Limestone, buff, hard, fine crystalline·granular, rapid reaction _ ............. 1380-1390 
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Limestone, buff, eartliy, soft, argillaceous, reaction rather rapid · ......... :.1390-14oo 
Limestone, brown and buff, fine crystalline'granular, effervescence 

rather slow; 5 samples ................. _ ...... : ....................................... _ ........... 1400-1445 
'Limestone, dark blue· gray, compact, in fine chips, rapid effervescence; 

a little shale ..... _ .......... _ .... _ ............ : ........... : .............................. : ................ 1445-1455 
Limestone, brown and buff; much shale; 2 samples .................................. 1455-1480 
Limestone, buff, soft, argillaceous, fuie crystalline· granular, reaction 

rather slow, disintegrating UJider weak HCI into fine flour; shale 
in chips from above .................................. _, .... __ .... _ ...... _ ............ _._ ...... ___ ... 1480-1490 

Dolomite or magnesian limestone, buff, in fuie chips, much shale in fuie 
chips; driller's log: "1455-.1490 shaly lime" ........................... _ ..... _ .. 1490-1500 

Limestone, buff, crystalline/ compact, rapi~ effervescence ........................ 1500-1501 
Shale, blue·green, hard, feeoly calcareous, III concreted masses .............. 150h·1510 
Limestone, brown, compact, reaction rapid; with shale ..... _ ............ __ ... _. __ 1510-1520 
Limestone, buff'gray, some light gray, reaction rather slow; much white 

chert at 1520 and at 1540; 3 samples .... _ .. ___ ._ ..... _ .... _ ........ , .... _ ........... 1520-1550 
Limestone, buff'gray, soft, rather slQw response, disintegrating into fuie 

flour under weak HCI, earthy; 2 samples ............... _ ..... _ ..................... _1550-1570 
Dolomite, puff·gray ........... _ ..... _ ......... _ ........... _ ... ____ .. __ .......... __ ................ _ ......... 1570-1580 
Dolomite, light gray; some whitish limestone of rapid effervescence ..... _1580-1585 
Sandstone, fuie grains ill·rounded, larger abou~ 0_7 =_, some secondary . 

enlargements, some grains pinkish ........... _ ... _ ................... _ ..... _ .... __ ..... __ _ 1585-1592 
Dolomite, light gray and whitish, some imbedded quartz grains; loose 

quartz sand fuie and poorly rounded; some whitish rapidly efferves· 
cing limestone; much gray and white chert and some chalcedonic 
silica ...................................... __ . __ ... _ .. ~_ ... __ __ .... __ ............................ _ .... _ .. _ ..... 1592-1600 

Limestone, light gray, very fine·grained, reaction rather rapid, in flaky 
chips; dolomite, gray, in small ~ips; a little shale and quartz sand .. 1600-1610 

Dolomite, light gray and gray, considerable chert; 5 samples ...... _ .... _ ..... 1610-1960 
Dolomite, gray; a little chert; 4 samples ..... _ .... _ ...... _ .... __ .... _ ..... _ ...... _ ......... 1660-1700 
Dolomite, light bh,le·gray, in small chips, white chert, a little translucent 

chalcedonic silica and fuie ill·rounded grains of quartz sand; 2 
samples .... _~ ..... : ...................... : ...................... _ ....... _ ......... _ ....... _ ..... ~ .......... _ ... 17 0 0-172 0 

Dolomite; light brownish gray and yellow· gray ; white chert, chalcedonic 
silica, ill·rounded grains of quartz sand, pyrite, much light blue 
shale in concreted masses inclosing chips and grains of the other 
materials; 2 samples .............................. _ ...... _ .... _ .... _._ ...... _ ... __ ........... _ ..... 1720-17 40 

Dolomite, gray and yellow· gray, chert, pyrite and silica as above; a 
little blue and greenish shale in small chips ....................... _ ............. __ .1740-1750 

Dolomite, .light gray, a little white chert, quartz sand and blue shale; 
4 sam pIllS ..................... _ .................. __ ...... __ ._ ... __ ....... _ .... _ ...... _ ..... _ ............. :.1750-1790 

Dolomite, light gray and gray, in fuie chips and sand, a few chips of 
. decayed chert, some blue shale; a little whitish limestone ....... _ .... _ .. 1790-1800 

Dolomite, gray and light yellow·gl'ay and whitish, in fuie crystalline 
sand, cherty at 1810, 1890, 1910, 1920; 13 samples ........................ __ 1800-1930 

Chert, gray and white, in chips, with gray dolomite in fuie sand; 3 
samples .... __ .... _ ...... _ ......... __ ....... __ ..... _ ... ____ ._ .. _ ....... _~ ... _ .............. _ .............. __ .... 1930-1960 

Dolomite, whitish; much white chert ............ _ .. _ ................. _ .... _ ..... _ ........... __ .. 1960-1970 
Chert, gray and white, with some dolomite in fine sand ..................... " ...... 1970-1980 
Dolomite, light gray; much gray and white chert ..... _ .... __ .... _ .................. _1980-1990 

' Dolomite, light gray; a little chert; all.in fuie sand .... _ ........................ _ .. 1990-2000 
Doloinite, light buff, in fuie crystalline sand, with some fuie angular 

particles of . quartz; 2 samples .... _ .. _ .. _._ .... _ ........... _ .......... .' ............ _., ...... 2000-2020 
Dolomite, light buff and yellow, hardly any quartz sand; 3 samples ...... 2020-2050 
Dolomite, light buff and light gray, in fuie sand and powder, somewhat -

arenaceous with minute angular particles of quartz; pyrite; some 
hard fissile shale, blue· green, in flakes; 3, samples ......... , .................. _.2050-2080 

Dolomite, light gray, highly arenaceous with minute angular particles 
of quartz; much pyrite in microscopic crystals; hard fissile snale 
in small flakes .... __ ........... _ .... _ ............. -..•. -............ -................................... _2080-2090 

Dolomite, buff and light gray, in fuie crystalline sand; a little limestone 
of rapid effervescence; 2 samples .......................................................... 2090-2110 
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Shale; dark. blue-green, fissile, slightly calcareous, in flakes ____________________ 2110-2120 
Shale, medium light blue-green, hard, in minute flakes ____________________________ 2120-2122 
Dolomite, gray, in fine sand; some limestone, of rather rap,id reaction, coarser , ___________ : ____________________________________ _______________________________________________________ 2122-2130 

Shale, medium light blue-green, unctuous, slightly calcareous, pyrit-iferous _______________________________ -_______________________________________________ . __________________________ 2130-2135 

Dolomite, gray, in fine sparkling crystalline sand; quartz in broken 
particles and some ill-rounded grains,some with secondary enlarge­
ments; cryptocrystalline silica in grains containing microscopic 
crystals of pyrite; much pyrite in fine opaque particles; some min-
ute lumps of blue shale pyritiferous; 3 samples ________________________________ 2135-2155 

Not,es_-In the above section at Council Bluffs the 'base of the 
Pennsylvanian is pretty clearly determined at 280 feet above 
tide. This is 264 feet higher than the' Pennsylvanian floor at 

'Oakland, but according to the drlller's' log is 177 feet lower than 
the same horizon at vValnut. South from Council Bluffs the 
-Pennsylvanian floor sinks to 148 feet below tide at Glenwood, a 
fall of 428 fe~t. But in the short distance from the School for 
the Deaf at Council Bluffs to Miller Park; Omaha, and Fort Crook 
(there is a sharp ascent, for at these points the' floor of the Coal 
'Measures occurs respectively at 532 and 550 feet above sea level, 
I 

lor at Fort Crook '270 feet higher than at the School for the Deaf.44 
Assuming this strong .eastward dip we may correlate the thick 

r shale at CO'Qncil Bluffs which we have assigned to the Kinde:r­
hook with the thin shale at.212 feet above sea level at Fort Crook. 
,And perhaps the hard gre~n shale 150 feet below sea level at Fort 
Crook is the same as the shale found at Council Bluffs at 491 feet 

.t below sea'level. 
" The dolomites 'below this horizon are much the same in both 

f wells, crushing under the drill to finest sparkling sand, and 
,strongly suggest the horizon of the Galena. If this reference is 
correct, the shales near the bottom of the Council Bluffs well, at 

'2110-2120 and 2130-213,5 feet, are probably the Decorah or Glen­
wood, and the Saint Peter sandstone lies not far below the foot-

,ing of the well. It will be ' recalled that at Nebraska City the 
shales above the Saint Peter with their distinctive fossils were 
found at 2754 feet, 1824 feet below sea level, and the Saint Peter 
sandstone was struck at 2783 feet. 

44 Norton, Iowa Geological Survey, vol. XXI, pp, 1172-75_ 
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CRESCO WELL OF" 1924: 

CRAWFORDSVILLE, WASmNGTON COUNTY 
.(Altitude 791 feet) 

151 

Crawfordsville, Washington county, :popUlatio:o. 340,is sup­
plied by two wells, one 240 feet in depth and capable of ~urnish­
ing ,15,000 g.p.d. and the other 695 feet deep and capable of 
furnishing 20,000 g.p.d. The latter well was drilled in 1915 by 
Edward Fass. The principal' supplv was found at 145 feet ' in 
rock and no ' othe~ water bed of importance . was encountered. 
The depth of the cylin,der, is 160 feet and the ,pumping capacity 
~U~~· ' 

, . ' CRESCO 
, (Altitude 1900 f eet) 

' .In 1924 a well 670 feet deep was completed for the city of 
Cresco by the Sewell Well Company of Saint Louis. Sixteen 

. inch casing extends to a depth of 258 feet, where it is bedded in a 
concrete seal 15 inches thick poured when the ·well had reached ' 
th~t de:pth~ . This c~sing cuts off ahy cave from the drift sands 
and fr:om the Maquoketa shales. . The dlametet of the drill hole 
is 1514 inches from 258 feet to 597 feet; where it is constricted to 
121j2 inches. Casing of 12% inches diameter is inserted from 494 
to 597 feet, cutting off the Decorah and Glenwood shales. 

A strong flow was struck l1t .415 feet in the Galena limestone' 
and another in the Saint Peter sandstone. The static level is 151 
feet below the surface ' and the tested capacity is 250 gallons per 

. mInute-with a draw down of 49 fe~t, below which it could not be 
low,ered. On stopping the pump the static level was recovered in 
20· minutes. . '. . ' . , 

Record of strata of the Cresc'o city well of 1924 

, DEPTH IN FEET 
Pleistocene and Recent (30 feet thick; top 1300 feet above sea level) : 

. Clay, brownish yellow, very sandy, in hard moulded masses .................... 0-10,' 
Sand, gray, and gravel, greenstones abundant .......................................... 10-20 

. Sand, yellow, and gravel .............. ,................................................................... 20-30 ' 
p evonian (50 feet thick; top 1270 feet above sea level): . 

, Limestone, yellow, soft, earthy, rapid effervescence in cold dilute RCl 30-40 
. Limestone, yellbw, earthy, black specks of .manganese oxide and fer· 

ruginous stains and crusts, in large chips, rapid effervescence, 
fossiliferous .... :: ........ : ................. : ........................ .'1:..................................... 40-50 

Limestone,' light yellow·gray :;tnd buff, crystalline· granular and earthy, 
·rapid reaction ; 3 samples ................................................. , ................. ,.... 50-80 

Maquoketa (120 feet thick; top 1220 feet above sea level) : ' . ' \ 
Dqlomite, light brown·gray and yellow· gray, very fine grain, conch'oidal 

fracture, sparsely 'vesicular; shale, blue· green, hard, dolomitic, in . 
small chips; 2 samples ... , ........................... : ... : ......... ~ .... : ...... ;.................. . 80-100 
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Limestone, whitish, 1ine crystalline-granular, rapid and moderately rapid effervescence ____________________________________________________________________________________ 100~110 

Dolomite, light brown-gray, drab and gray, 1ine grained, vesicular, .r 
earthy, response rather slow; 4 samples _____________________________ . _____ : ___________ 110-150 

Shale, blue, hard, calcareous, in large chips and concreted masses; 
much dolomite gray and yellow-gray; in sand; 2 samples _: ___ : __________ 150-170 

Shale, light blue-gray, calcareous, minutely arenaceous, in friable con-
creted masses; some selenite ______________________________ : ______ _________ _____________ _____ :_ 170-180 

Dolomite, brown, soft, fine crystalline-granular, large argillaceous resi-
due, empyreumatic odor on heating; 2 samples __________________________________ 180-200 

Galena (310 feet thick; top 1100 feet above sea level): 
Limestone, brownish, drab and gray, earthy, in flaky chips, effervescence rapid; 10 samples ____________ _____ __ ____ __ ________________ _______ ____________________________________ 200-300 

Limestone, light yellow-gray and gray, earthy, rapid reaction, 21 sam-ples ____________________ : _________ __ _________ __ ______________ ____________ ____________ _________________ ______ ______ 300-510 

Decorah (50 feet thick) : . 
Shale, olive; limestone; in moulded masses _____________ _____________ __ ___ ______ __ _______ __ 510-520 
Shale, blue-gray and greenish, calcareous, in moulded masses; 4 samples 520-560 

Platteville (20 feet thick) : 
Limestone, gray, rapid reaction ________________________ : ___________________________________________ 560-570 
Limestone, as above, a few flakes of green calcareous fissile shale ________ 570-580 

Glenwood (10 feet thick) : 
Shale, in hard moulded masses, some in flakes, gray-green, fissile, non-

calcareous; some quartz sand of St_ Peter facies ______________________________ 580-590 
Saint Peter (70 feet thick, top 710 feet above sea level) : 

Sandstone, light gray in mass, grains rounded and frosted, up to 1 
mm_ in diameter, some grains cem!lnted; some shale in gray-green 
flakes, non-calcar~ous, fissile __________________________________________________________________ 590-600 

Sandstone, light gray in mass, finer than above ______ __________________________________ 600-610 
Sandstone, white, medium to fine; some flakes of shale; 5 samples __________ 610-660 

Shakopee (top 640 feet ' above sea level) : 
Dolomite, grl1-Y (some limestone of rapid effervescence), cuttings mostly of Saint Peter sand ______ ____________________________________________________________________________ 660-670 

Drillfff's log, Cresoo city well, 19iJ4 
DEPTH IN FEET 

~y:;~~r:~~ft!~~ ~~~d--:::::::::::::::::::::::::::::::~:::::::::::::~=::::::~:::::::::::::::::::::::::::::::::::::: t~5 Blue mud ________ _____________________________________________________ __ __ ____ ____ ___________________________________________ 15-25 
Yellow clay and boulders __________ _____ __ __________________ _____________ _________ ____ __ ________________ ________ 25-80 
Shale and limestone ,__________________ ________________________________________________________________________________ 80-89 
Limestone _______ ___ ,____________________ ______ ______________________ _______________________ __________ ________________________ 89-170 
Shale _______ __ _________ ______________ ________________ _________________ __ ____________________ ~__________________________________ 170-180 
Limestone and some shale __ ________ __________ ________________________ __ ___ ____________________________________ 180-195 
Limestone ____________________________________________________________________________________________________________________ 195-255 
Limestone, water at 280 __ __ __ ___________ _______________________ _____ ___________________ __________ : _______________ 255-520 
Shale and limestone, water at 415 __________________________________________________________________________ 520-525 
Shale __________ __ ______________ _____________________ __________________________________________ ___ ____________ ____ __ _________ 525-557 
Limestone ____________________________________________________________________________________________________________________ 557-582 
Shale ______________________________________________________________________ __ ___________________________________________________ 582-592 
Sandy shale __ ___ _____ ________ _________________ ___ ____________________________ ___ ___________ __ _______________________ ___ ____ 592-597 
St. Peter sandstone ____________________ ___________ _______ __________ __________ __ _________________________ • ____________ 597-667 
Limestone _________________________________________________________________________________ __ ____ __ _________________ ___ ______ 667-670 

Mineral analysis of water from Cresoo city well* 
Parts 

Nitrate (NO.) _____________________________________________________________________________________________ _ 
Chlorine (01) ________________________________________________________________________ : _____________________ _ 
Sulfate (SO.) ______________________________________________________ ---______________________________________ _ 

* Dr_ E _ W_ Bartow, State University, Iowa City, Oct_ 20,1924. 

per million 
21.3 
29_0 
50_0 

. \ 
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ROCK SECTION AT ' CRESCO 

Bicarbonate (HCO.) ______ ______ : _________ : ___________________________________________ : ____ __ ___ ______ _ 
Sqdium (N a) (Calc' d) ___ _____ ________________________________________ _____________________________ _ 

~a~~~e:u(b~)~f6ai~,~)'~!---:::::::;:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: Iron (Fe) ____________________________________ ____________________ ___ _________________________________________ _ 

, Hypothetical combinati?ns 
Parts per million 

Sodium nitrate (NaNO.) __ ______________________ ____ .- _________ 29.2 
Sodium chloride (NaCI) _____________________ ________________ . 48.8 
Sodium sulphate (Na,SO.) ___ . _________________ :_______ _____ 28.5 
Magnesium sulfate (MgSO.), ____________________________ ____ 38.5 
Magnesium carbonate (MgCO.) __________________ :_______ 97.8 
Calcium carbonate (CaCO,) __________________________________ 142.0 
Undetermined __________________________ . ____ . _________________________ . 21.2 

314_8 
36_3 
36_0 , 
56.6 

Trace 

Grains per gallon 
.71 

2.85 
, 1.67 

2.25 
5.72 
8.30 
1.24 

Notes on the Cresco section.-Comparing the log of the driller 
with the depths given on the samples of the cuttings it will be 
seen that in several instances the former is more precise, and the 
thickness and position of some of the formations may be accord­
ingly corrected. 

' The deposits of the drift represented by the cuttings do not 
agree entirely with the log, as the "blue mud" of the log is not 
confirmed by any samples. Taken by itself the log would lead to 
the inference of a deposit of yellow clay (till) with boulders ex­
tending from 25 to 80 feet. The cuttings, however prove that 
this deposit is limestone and the impression of the driH workj.ng 
in a ' boulder bed may have been given by the condition of the 
strata: deformation, crushing, close and irregular joints and 
pitching courses, sueh as Calvin records at the local quarry.45 
The Maquoketa shales outcrop in the valley of Silver creek north­
east of Cresco, so that with the gentle dip of the rocks in 
this area no great thickness of the Devonian is to be expected, 
unless the Maquoketa is cut away owing to erosion before the 
deposit of the Devonian. ' 

The Maquoketa section in the vicinity of Cresco was found by 
Calvin ~o embrace shales and calcareo-magnesian beds in alter­
nating layers, crystalline dolomites, light yellow magnesian 
shales, ap.d non-magnesian, fossiliferous limestones. Owing to 
the absence of the heavy beds of plastic shales which make up the 
larger part of the Maquoketa in the area of outcrop to the south­
east, the entire thickness of the formation in this county is esti­
mated by Calvin at not to exceed 100 feet.46 

45 Calvin, S" Geo!. of Howard Co" Iowa Geo!. Survey, vo!. XIII, p_ 59, Des Moines, 1903. 
46 OP. cit_, pp. 48, 49. 
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In ac'cordance with these field determinations· the upper bed of 
the Maquoketa is taken to be ' the do~omite ' and shale ~t 80 feet. · 
A thickness of 120 feet brings the formation to the horizon where 
a brown argillaceous dolomite gives place at 200 feet to heavy 
nOllmagnesian earthy limestone, evidently Galena . limestone 
which has escaped dolomitization, a common feature of the Ga-
lena ~f this area. . . . 

DALLAS CENTER, DALLAS COUNTY 
. (Altitooe 1078 feet) 

CI.TY WELL OF DALLAS CENTER 

This well was drilled by Thorpe Brothers' Well Company of 
Des Moines and is a little over 2000 feet deep. Its diameters 

. range from 12· to 6 inches. It is. cased with 12 inch pipe to 131 
feet, with 10 inch pipe to 498 feet, with 8 inch pIpe from 469 to 
1048 feet and with .6 inch pipe from 960 to 1900 feet. 

The f0rmations encountered by the drill were glacial-drift to 
130 feet and shale to 840 feet, where limestone, presumably of the 
Mississippian system, was reached. The top of the Saint Peter 
s'andstone is reported as. approximately 1941 feet below the curb, 
or ~bout 868 feet below sea level. ' 

An analysis of water from this ' well ' was made recently by 
Howard ·G. Maffitt of Des Moine.s and the results are' given below. 
.' . 

:A:nalysis of water fro'-m the present town well a.t Dallas C~nter 
PARTS PER MILLION 

CONSTITUENTS 

Sodium and pot~'sium ... _ .... _ .............................. . 
~alcium (as Oa) ..................................... _ .......... . 
Magnesium (as Mg) ........................................... . 
Irori (as Fe) ... _ .. _ ....... : ....................................... .. 

~~~x:~nu:e (.~~.~~:. .. :::::::::::::::::::::::::::::::::::::::::::::::: 
Sulphate (as SO.) ................................. ,. ............. . 
Nitrate ... _ .............................................................. . 
Phosphate ............................................................... . 

BY WEIGHT 

316.0 
537.0 
138.0 

5.6 
3.7 

none 

• Bicarbonate (as HCO.) ........ , ................. :: ....... ..:. , . 
Chloride (as Cl) ................................................... . 

2251.0 
none 
none 
216.0 
177.0 

Silica (as SiO,) ............................... .' ................... ~ 

·HYPOTHETiCAL' COMBINATIONS 

Sodium chloride ..................... _ .......... : ................. . 
Sodium sulphate ................................................... . 
Magnesium sulphate ............................. _ ............ . 
Calcium sulphl1te .. : ................. : ............... _ ............... . 
Calcium bicarbonate ........ , ................................... .. 

30.0 

'1 

P.P.~~. 

292.0 
622.0 
683.0 

1818.0 
. 8.0 

GRAINS PER 
U. S. GALLON 

18.3 
31.2 

8.0 
0.32 
0.21 

. 131.0 

12.5 
10.3 

1.74 
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The 'iron had precipitated from the: water before the sample ~ 
was received. 

WELL OF ~UNNEAPOLIS· AND SAINT IPurs RAIL:j:tOAD 

This well was drilled by the McCarthy Well Company of Min- . 
neapolis. It is approximately 900 feet deep, but very littl~ else : 
is known about it. Little use is made of the water on account of : 
its high' mineral content, as is true also of the city . wen. The ' 
analyses of these two we~r waters were furnished by Messrs. w.. 
E. Buell and Company, Municipal Engineers of SioUx City, who i 

suggested that possibly the similarity in the analyses may be due ' 
to a bJ,'eak in the casing of ,the city well permitti:(lg the influx. of 
sulphate waters from the Coal Measures, which probably supply 
the railroad welL 

Analysis of wa,ter from the M. <f St. L. Railroad well (ott DaUas Center* 

. CONSTITUENTS'· 

Total solids .... , .................................. _ ........ _ ........ . 
"Silica (SiQ,) ... _ .................................................... . 
Iron and aluminum oxides- .............. : ....... : .......... . 
Calcium (Ca) ... - .. - ........................... : .................. . 
Magnesium (Mg) .:._ ................................ _ .......... . 

, Alkalinity (as CaCO~) ............... _ ...................... . 
Chlorides (Cl) ... _ ............ _ ........................ _ .. _ ...... . 
Sulphates (SO.) ....................................... _ .......... . 

HYPOTHETICAL COMBINATIONS' 

Sodium chloride (NaCl) ......... _ ....... ~ .................. . 
Sodium sulfate (Na,SO.) ......... _ ............ _ ........... . 
Magnesium sulfate (MgSO.) ................ : .... _ ...... . 
Calcium sulf~te (CaSO.) , ............... _................... ( 
Calcium carbonate (CaCO.) ..... _ ...................... . 

P.P.M. 
3495.0 

I '11.0 
- 7.5 

568.0 
. 109.8 

175.6 
166.2 

2015.0 

275.5 
568.0 
541.8 

1698.0 
175.2 

GR". : PER GAL. ' 
204.5 

.64 

.44 
33.20 
6.32 

·10.27 
9.73 

117.70 

16.10 
. 33.20 

31.65 
.99.35 
10.24 

. No determination' of iron alone could be made ' since by the 
time water reached the laboratory the iron had all settled out. 

DAVENPORT . . 
(Alti.tude C., fl,., St. ":P. <f P. :R.; R. Sta. 560 feet) U. S. ,Go. S.) 

WELL ,OF 9ITY O~ DAVENPORT 

. In' 1922 a well 1905 feet deep was completed for the municipal 
swimming pool 'at Davenport by the McCarthy Well Co. of Min-
neapolis and Saint PauL .... 

1J1he diamet~rs are from 12112 -to 10 inches . . The"..\vell' is' a flow~ 

• Made by the State Chemical Laboratory of the State of South Dakota. 



156 DEEP WELLS OF IOWA 

ing well with a natural discharge of approximately 200 g.p.m. 
The log of the well is as follows : 47 

DEPTH IN FEET D EPT-H IN FEET 
Drift ............................................ 0-28 Shale ............................................ 1752-1768 
Limerock ....... :.............................. 28-400 Shale and lime ............................ 1768-1780 
Shale ..... ,...................................... 400-625 Limerock .................................... :.1780-1785 
Limerock ...................................... ,625-950 Shale and lime ............................ 1785-1790 
Shale ............................................ 950-970 Limerock ...................................... 1790-1798 
Sandrock .............. ~ ....................... 970-1150 Lime and shale ......... ! ................ 1798-1808 
Shale and rock ......................... , .. 1150-1200 Limerock ...................................... .1808-1817 
Limerock ....... _ ............................. 1200-1460 Shale and lime ............................ 1817-1821 
Sandrock ...................................... 1460-1471 Limeroc'k ...................................... 1821-1845 
Limerock ...................................... 1471-1476 Lime and shale .......................... 1845-1851 
Sandrock ...................................... 1476-1532 Limerock ...................................... 1851-1880 
Limerock ...................................... 1532-1752 Sandrock ...................................... 1880-1905 

The log permits the following assignment to formations: 

TmCKNESS 

~~~~~~~~n:~d·sii~~i;~··:::::::::::::: :::::::::::::::::::::::::::::::: :::::::::::::::::::: 
Maquoketa .................................................................. : .................. . 
Galena· Platteville ......................................................................... . 
Glenwood ....................................................................................... . 
St. Peter' (and upper Shakopee) ............................................... . 
Prairie du Chien ........................................................................... . 
Jordan ............................................................................................. . 
Trempealeau ................................................................................. . 
Franconia ....................................................................................... . 
Dresb~ch, penetl'ated ................................................................... . 

DAVIS CITY, DECATUR COUNTY 
(Altitude 919 feet) 

28 
372 
225 
325 

20 
180 
310 

72 
220 
128 
25 

DEPTH IN 
FEET 

0-28 
28-400 

. 400-625 
625-950 
950-970 
970-1150 

1150-1460 
1460-1532 
1532-1752 
1752-1880 
1880-1905 

The city well of Davis City was drilled by the Thorpe Bros. 
Well Co. of Des Moines about 1914 and is reported to be 950 feet 
deep. The diameters are from 10 to 5, inches. Water stands 
within 200 feet of the surface. No other facts as to the well are 
now obtainable. 

DECORAH 

DRILL HOLE OF THE PIONEER OIL AND GAS COMPANY 

Thls well is on Bakke no. 1 lease, Twp. 98 N. R. 7 W. Se. qr. of 
sw. qr. Sec. 30 Glenwood township, ,Vinneshiek county. (Alti­
tude about 1100 feet.) 

47 Lindly, J . M., Proceedings Iowa Acad: of Science, vol. XXXIV, p . 247. 
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Driller's log, with assignment to formations 

. Pleistocene and Recent (28 f eet thick) ; DEPTH IN FEET 
Mud, soft ..................................................................................... :...................... 0-28 

Galena limestone (222 feet thick) ; 
Lime, hard .......................................................................................................... 28-250 

Decorah shale (38 feet thick) ; 
Shale .................................................................................................................... 250-260 
Sandy shale (water) ..................................................................................... : .. 260-215 
Shale, blue .......................................................................................................... 275-288 

Platteville limestone (22 feet thick) ; 
Lime ....................... _ ........ _ ................................................................................. 288-310 

Glenwood shale (5 feet thick) ; 
Mud ...................................................................................... : ............................... 310-315 

Saint Peter sandstone (90 feet thick) ; 
Saint Peter sandstone (water) ...................................................................... 315-405 

Prairie du Chien (290 feet thick) ; 
Blue mud ............ : .......................................................... ~ .................................... 405-408 
White lime ..... _ .............................................................. : ................ :: .................. 408-465 
Sand (water) .................................................................................................... 465-470 
Hard lime ...................................................... _ ............................................ : ...... 470-500 
Shale ................................. _ ...................... _ ........ _ .......................... _ ...... _ .. _ ....... 500-505 . 
Lime sand ................................................................. _: ...... :............................... 505-695 

Jordan sandstone (105 feet thick) ; ' 
White sand ............................................... _ ....................................................... 695-800 

Saint Lawrence dolomite' and shales (218 feet thick) ; 
Black lime and sand .......................................................................................... 800-830 
White sand ........................................................................................................ 830-835 
Lime .................................................................................................................... 835-845 
Shale .................................................................................................................... 845-850 
Lime ................................................. _................................................................. 850-860 
Sand .......... :......................................................................................................... 860-870 
Lime ........................................................ :........................................................... 870-890 
Sand ........... :" .................................. : .................. _................................................. 890-910 
Blue shale ............................................................................................................. 910-920 
Sand .................................................................................................................... 920-950 
Shale .................................................................................................................... 950-1018 

Dresbach sandstone (137 feet thick ) ; 
Sand .................................................................................................................... 1018-1155 

Eau Claire beds (85 feet thick) ; 
Shale .................................................................................................................... 1155-1165 
Sand shale .......................................................................................................... 1165-1195 
Mud ................................................. _ ................................ , .................................. 1195-1205 
Sand shale ........................................................................................................... 1205-1240 

Mount Simon beds (410 feet thick) ; . 
Sand .................................................................................................................... 1240-1650 

Red clastics (70 feet thick) ; 
Mud (red bed) ................................................•................................................. 1650-1720 

Archean, dark igneous or metamorphic rocks (penetrated 1580 f eet) ; 
Black lime .......................................................................................................... 1720-2512 
Black lime .................................................................. : ....................................... 2512-3000 
Salt water lime ............................. _ .......................... _ .. _ ................................... 3000-3300 
Black lime ............................................... _ .................................................... _... 3300 
Black sand in place of lime ....................................... _ .................................. . 

Remarks.-The Decorah oil prospect has several claims to dis­
tinction. Among them is the fact that it is the deepest drill hole 
in the state both stratigraphically and by measurement in feet. 
No oil or gas was found, and shooting the well in the summer of 
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1926 with 80 quarts of explosive at 3300 feet and with 160 quarts 
at 2560 feet did not bring to light any evidence that the Archean .' 
rocks of Iowa are more petroliferous than the Archean of other, I 
areas. ' 

No samples of the cuttings were obtainable above the Archean, 
but the driller's log falis in rather easily with the normal geologic 
section to be expected in northeastern Iowa: Samples ,of the cut­
tings of . the "black lime" were ' submitted, and have been }~~r' 

amined petrologically'by Professor J. R. Van Pelt, Jr., of Cornell 
College. ' '1 

][~rals present 
D EPTH OF SAMPLE 

IN FEET 
Quartz (35 to 45 per' cent), oli'gocla,se (3'5 to 45 per cent); m~g.netite 

(10 to 15 per cent), biotite (trace) ................ , ................................ . 
Quartz, plagioclase. probably albite Or oligoclase; calcite (from a 

higher horizon '); magnetite; hematite ......................................... . 
Material much finer·grained than other samples; nearly every grain 

deeply iron·strained; quartz, feldspar, minor amount of biotite 
Similar to preceding sample but coarser; both notable for' deep 

brown rust color. Quartz abundant, fine; biotite 5 to 10 per 
. cent, in flakes up to 2 mm. ; small amount of fine· grained mag· 

, netite ................................................... _ ................................................ . 
Quartz; plagioclase (much of it twinned on the albite law) ; biotite; 

2990 

3000 

3140 

3200 

magnetite; a light greeIl. translucent mineral unidentified ........ 3300 

N one of the' fragments in the samples was large enough to show 
:the texture of the rock. 

DELMAR, CLINTON COUNTY 

WELL OF CHICAGO, MILWAUKEE AND SAINT PAUL RAILWAY 

This well was drilled in 1917 by W. H. Gray and Brothers of 
Milwaukee. The depth is 1216 feet; the diameters are from 16 to 
6 inches. The 'static level is 80 feet below the surface. The pump­
ing capacity is 200 gallons pel' minute and with ' the pumping 
cylinder at 140 feet the water is lowered but slightly when 
pumped at the rate of ~08 gallons per minute. The well is cased, 
to' top of rock and from 763 to 861 feet. 

Water Analysis" 
GRAINS PER U. S. GALLON 

Oxides .............................................................. 1.00 
Calcium carbonate ........................................ 10.88 
Magnesium carbonate ............ ,........................ 7.01 
Alkali sulphate ............... : .................. :........... .71 
Alkali chl9ride ......... :...................................... .64 

20.75 

, * H, W: Ostrom, Railway Chief Chemist., 
, { 

' / 
) 
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. Driller 's Log 
DEPTH IN FEET 

. Pleistocene and Recent (57 'feet thick; top 810 feet above sea level) : 
, Yellow clay ..... , ................................................................... _ ............ , ............ :... 0-30 . 

Blue clay ............................................................................... _ .............. _........... 30-50 
Gravel ..................... _ .......................................... _ .... :.......................................... 50-57 

:j)l'iagaran limestone (163 feet thick; top 753 feet above sea level) : 
Yellow. limestone ... : ....................................... _ ............ _ .. :.................................. 57-145 
White limestone ........................... : ................................ ~ ................................... 145-220 

Maquoketa shale (225 feet thick; top 590 feet above sea level) : . 
Hard sandy shale ........ ~ ........................... : .......................................... ~ .. L.~. : ..... 220-445 

Galena limestone, Glenwood shale and St. Peter formatio~ (416 feet thick; . 
top 365 feet above sea level ) : 
Limestone, very hard ........................................................................................ 445-763 
Shale ....................................................................... _ ........................................... 763-771 

, ¥a~~~~;~::~: ~:~~~~~~::~~:::~~~:::~~~:~~~: ii§!l 
Prairie du Chien (368 f eet thick; top 3 f eet above sea level) : ". 

Limestone ............................................................................................................ 861- 1006 
Streaks of lime and sandstone .... : ............................ _ ........................ _ ......... 1006- 1175 

Jordan sandstone (35 feet' thick; top 365 f eet below sea level) : ' 
Sandstone, water bearing ........ , ......... , .... _ ....................................................... 1175-1210 

Saint Lawrence, Tre~:pealeau dolomite (penetrated 6 f eet; top 400 feet . 
below sea level) : 
Limestone, to bottom of the well ........................... _ ..................................... 1210-1216 

N otes.--The sh;:tle at 220 feet is doubtle~s the Maquoketa, altho 
it is quite exceptional to have this "mud rock" .shale described 
either as ."hard" or" sandy:" The tun of limestone from 445 to 
763 feet seems to include both the Galena and the Platteville, and 
the Decorah is not distinguished. The Glenwood shale appears 
at 771 feet, but its thickness and base are s9mewhat uncertain. 

DELMAR WATERWORKS WELL, 1927 

This well, 1592 feet deep, was completed in 1927 by the Gray . 
Well Drilling Company of Milwaukee and Chicago. The diam­
eters are from 13 to 8 inches. . The well is cased with a 12% inch 
drive pipe to rock, and a 10 inch easing extends from the surface 

. to 458 feet, casing out Niagaran and drift waters and preventing 
caving from the Maquoketa shale. An 8 inch liner is inserted 
from 745 feet 8 inches to 875 feet, shutting out caving shales both 
above and below the Saint Peter sandstone. 

The original contract provided for a well 1250 feet deep, suffi.­
ci.ent to tap not only the Saint Peter and other Ordovician aqui­
fers, but also the Jordan sandstone of the Cambrian. At this 
depth, however, the well was found to yield but 75 g.p.m. and the 
drilling was contumed through the Dresbach sandstone. On 
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completion at 1592 feet the well delivered on test 100 g.p.m. with 
the pumping cylinder at 278 feet . 

Until after passing the Jordan sandstone the static level stood 
abnormally high. At 1250 feet it was 70 feet (with a dravy down 
to 140 feet) . The head, therefore, of the Jordan and higl;ter' water 
beds was 737 feet above sea level. This may be compared with 
the original head at Sabula from the Jordan, 658 feet above tide, 
Green Island 665 feet, Clinton water works no. 1 632 feet, and of 
more recent wells, Clinton water ~vorks well no. 5 (1902) 602 f~et 
and De Witt city well (1923) 617 feet. On continuing the drilling 
the static level had fallen to 170 feet (637 feet above sea level) at 
1309 feet, in the Trempealeau' dolomite, and to 190 feet (617 feet 
above tide) at 1380 feet, in the Franconia beds. After piercing 
the Dresbach sandstone the static level stood on the completion 
of the well at 196 feet (611 feet above sea level) or at about the 
present static level of the De Witt and Clinton wells. 

Reco'f1i1 of strata, Delmar 'waterworks well, 19!C7 
D~PTH IN FEET 

Pleistocene and Recent (54 f eel thick; top 807 feet above sea level) : 
Clay, yellow, sandy, non calcareous, in hard masses ; 2 samples .............. 0-30 

. Till, blue· gray, calcareous; 3 samples ............................................................ 30-54 
Niagaran dolomite (158 feet thick; top 753 feet above sea level) : 

Dolomite, buff, large chips; 3 samples ........................................................ 54-85 
Dolomite, bright buff, in sand and powder, argillaceous .......................... 85-95 

. Dolomite, bright buff, large chips ................................................................ 95-105 
Dolomite, bright buff; at 115 also some dark olive·gray clay, unctuous, 

noncalcareous; a~ 125 feet fragment of cast of Halysites oate'lllUr 
latus ?; 3 samples ..... : ....................... _ ..................................................... 105-135 

Dolomite, very light gray or whitish, crystalline· granular, some slightly 
vesiculaI'; at 135 considerable clay or shale as -at 105; from 175 
to 195 much white chert; 6 samples ...................................................... 135-195 

Dolomite, blue· gray, cryptocrystalline, cherty ....................... _..................... 195-205 
'" Dolomite, blue· gray, argillaceous, some siliceous with microscopic par· 

ticles of quartz; some blue gray shale ................................................ 205-212 
Maquoketa shale (228 feet thick; top 595 feet above sea level) : 

Shale, blue, hard, dolomitic, pyritic, some laminate.d, in chips; some 
light colored dolomite ...................................................................... : ....... 212":'220 

Shale, blue, plastic .............. : ......................................................... : .........•....... 220-230 
Shale, blue·gray, in chips and concreted masses .......................................... 230-240 
Shale, blue, dolomitic, plastic; 16 samples .................................................. 240-410 
Shale, drab, in concreted masses; included chips brownish drab .............. 410-420 
Shale, dark brown, inflammable, in chips ............... _ ................................... 420-430 
Shale, brown and drab .................................................................................... 430-440 

Galena·Platteville limesto.nes; Glenwood shale (325 feet thick; top 367 feet 
above sea level) : 
Dolomite, drab and light brown·gray, argillaceous, pyritic, crystalline· 

earthy, compact; in flaky chips; much brown inflammable shale .... 440-445 
Dolomite, gray and yellow·gray, crystalline, in chips; 2 samples ............ 445-460 
Dolomite, light gray, in sand 'and fine chips; 5 samples ............................ 460-510 
Limestone, .rapid effervescence in cold dilute HCI, white, soft, earthy, 

fossiliferous, in flaky chips; most of sample dolomite as above ...... 510-520 
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Limestone, whitish and buff, in chips and powder, effervescence rapid; 
5 samples ....................................................... , ............................................ 520-570 

Limestone, as above; dolomite, buff ................ ,,', ...... ,., ............................... 570-580 
Dolomite, yellow·gray; white chert; 2 samples .... ;: ... ' ................................. 580-600 
Dolomite, brown and buff, cherty; 2 samples ..................................... _ ....... 600-620 
Dolomite, buff; limestone, light yellow and whitis~, earthy, effervescence 

r!)'pid, in large :flakes; 2 samples ............ , .............. ~ ................................ 620-640 
Limestone, yellow gray and whitish, some mottled, earthy, response 

moderately rapid; some buff dolo~ite; 3 samples ............................ 640-670 
Limestone, brown, rapid effervescence .......................................................... 670-680 
Shale, brown, highly in:fl.ammable, calcareous, hard, in chips; much 

whitish limestone ...................................... , ............................................... 680-690 
Limestone, buff and gray, effervescence rapid, moderately rapid and 

slow .............................................................................................................. 690-696 
Shale, green, hard; chips of limestone ................... _ ............................ _ ..... 696-701 
Limestone, buff and whiti!!h, response rapid; shale, brown, in:fl.a=able; 

shale, bright green ...................... , .................................. , .......................... 701-710 
Limestone, drab and gray, response rapid; 5 samples .............................. 710-755 
Shale, greenish, in concreted masses; inclosed chips of limestone .......... 755-765 

Saint Peter sandstone (95 feet thick, top 42 feet above sea level) : 
Sandstone, yellow in mass from rusted grains (magnetic iron from 

drill in cuttings), grains well l'ounded and frosted, larger grains 
up to 1 mm. in diameter; some hard green shale in :flakes .............. 765-775 

Sandstone, white, fmer ................................................... :.................................. 775-785 
Sandstone, light yellow· gray ; whitish clayey powder feebly calcareous 785-795 
Sandstone, whitish; 2 samples ................. :.. .................................... _ ............... 795-815 
Sandstone, rusted light yellow, secondary enlargements ............................ 815-825 
Sandstone, yellow·gray in mass; siliceous chips white, with imbedded 

transparent grains of quartz; some whitish shale ............. , ............... 825-835 
Sandstone, white; shale, light green, fissile, noncalcareous ...................... 835-845 
Shale, light bright green, noncalcareous, concretionary structures; con· 

creted masses of white dolomitic powder; a few chips of gray dolo· 
mite ~nd of light greenish gray dolomite argillaceous and siliceous; 
white unctuous clay with microscopic particles of white chert; 
two chips of 'yellow jaspflr with minute globular structures, oolitic 
or fossiliferous .................... ~ ..................................................................... 845-855 

Shale, light bright green; one large chip indurated, light greenish 
gray, apparently concretionary ....................... : ...................................... 855-860 

Prairie du Chien dolomites (295 feet thick; top 53 feet below sea level): ' 
Dolomite, light ' yellow· gray, fine· grained, compact, soft; chert, white; 

much green shale ...................................................................................... 860-870 
Dolomite, light yellow·gray and brown; shale, green ... _ .... > ...................... 870-880 
Dolomite, gray, in small chips; whitish from 970 to 1030; 14 samples .. 880-1030 
Dolomite, blue·gray .......................................................................................... 1030-1040 
Dolomite, as above, cherty; 2 samples .......................................................... 1040-1060 
Dolomite, blue·gray; 4 samples ...................................................................... 1060-1100 
Doloplite, buff, cherty ...................................................................................... 1100-1105 
Dolomite, light .yellow.gray, highly cherty, arenaceous ............................ 1105-1115 
Dolomite, light gray .: ................................... _ ................................................... 1115-1125 
Dolomite" whitish, arenaceous, a little hard green fissile shale; a little 

DOIO:~t~~n;~ ;a=!~l!: ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::ig~=ii~~ 
Jordan sandstone (30 feet thick; top 348 feet below sea level) : 

Sandstone, light yellow in mass, fine, well·rounded grains, some crystal· 
line enlargements, considerable dolomite with embedded grains; 
some dark brown argillaceous sandstone with buff :flint at 1165; 
3 samples ............ , ....................................................................................... 1155-1185 

Saint Lawrence, Trempealeau dolomite (145 feet thick; top 378 feet be· 
low sea level) : 
Dolomite, whitish, in fine sand, a very little quartz, some drusy .............. 1185-1195 
Dolomite; whitish ................................................................................. : ............ 1195-1205 
Dolomite, light gray, crystalline; a very little quartz sand; 2 samples .. 1205-1225 
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Dolomite, light gray, much sand in fairly well rounded grains but ' no 
imbedded grains found in dolomite chips; 2 samples .................... , ... 1225-1245 

Dolomite, light gray, some quartz sand; some chert; 2 samples ........ ; ... 1245-1260 
Dolomite, buff in mass, in fine sand; 2 samples .......................................... 1260-1280 
Dolomite, whitish, in very fine sand ....................... _ ..................................... 1280-1290 
Dolomite, gray, cherty ............................................ , ......................................... 1290-1300 
Dolomite, gray; a little quartz sand .................................... : ................... : ..... 1300-1310 
Dolomite, light red· brown, rusted by iron from drill; some quartz sand; ' 

2 samples ............................................. _ ................... : ..... , : .......................... 1310-1330 
Saint Lawrence, Franconia beds (100 feet thick; top 523 feet below sea 

le,el) : . 
Dolomite, brown in mass, minutely arena,ceous, glauconitic .................... 1330-1340 
Sandstone, reddish gray, minute grains, glauconitic; shale, purplish 

and green, hard, fissile ............................................................................ 1340-1350 \ 
Sandstone, gray, grains minute, speckled with glauconite ........................ 1350-1360 

. Shale, green, highly arenaceous, grains minute; glauconitic, dolomitic; 
2 samples ................................ , ...... : ..... : ...................................................... 1360-1380 

Sandstone, gray, of minute grains, 'speckled '}'ith glauconite, dolomitic 
. cement ; green shale; 3 samples ................................... ~ .......................... 1380-1410 
Sandstone, gray, minute grains, slightly glauconitic; gray shale; 2 . 

samples ............................................................. : .......................................... 1410-1430 
Dresbach sandstone (110 feet thick; top 623 feet below sea level): 

Sandstone, clean, white, diverse in size of grains, maximum up to 1.2 
mm. diameter, grains well rounded, frosted; 2 samples ................. : .. 1430-1450 

Sandstone, 2 samples, one as above;. the other; argillaceous, crystalline 
enlargements of grains ............................................................................ 1450-1460 

Sandstone, white, some rusted buff, medium to fine, at 1520 largest 
. grains reach 1.3 mm.; 8 samples ...................................................... _ .... 1460-1540 

Eau Claire sandstone (penetrated 52 feet; top 733 feet below sea level) : 
Sandstone, gray, argillaceous, fine, gl'ains rounded, feebly dolomitic; 

2 samples ................................................. _ ................................................. 1540-1560 
- Sandstone, greenish gray, fine, glauconitic, feebly dolomitic; 2 samples .. 1560-1580 

Sandstone., greenish gray, fine to medium, glauconitic, grains rounded .. 1580-1592 

. Notes.- It will be noted that thjn transition beds, argillaceous 
dolomites, occur both above arid below the Maquoketa shales. As 
in some ' other deep well sections a brown inflarn,mable shale is 
found at the base of the formation. 
. The upper 70 feet of the Galena-Platteville are typical dolo­
mites. The lower 245 feet are undolomitized with the exception of 
a 40 foot bed of dolomite well up the column. "Within 75 feet of 
the base occurs a layer of brown inflammable shale and a few 

. feet below is 5 feet of green shale. . 
The Glenwood shale is thin, rests directly on the Saint Peter 

sandstone and contributes by caving to the first cuttings of the 
sandstone. . 

At the base of the Saint . Peter occurs anomalously a caving 
shale, 15 feet thick, which may be compared tQ the shales and con­
glomerate found at this horizon at Maquoketa, Preston and De 
Witt. The cuttings at Delmar do not clearly indicate a conglom­
~:r:~.te as at the towns just mentioned, but ,they strongly suggest 
such an origin by the mingling of shale, dolomite, chert, decayed 
chert and jasper. 
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. . 

The Prairie du Chien has its normal thickness for northeastern 
Iowa but does not here carry a 'well defined medial sandstone, the 
New Richmond. 

The Jordan is. exceptionally' thin and its texture as evidenced : 
by the cuttings shows the reason for Its scanty yield. ' 

The underlying Trempealeau dO,lom~te is in places somewhat 
sandy. Possibly the Jordan might be mistaken for the! New Rich- "­
mond, the Trempealeau for the Oneota of the Prairie du Chien 
and the Dresbach for the Jordan, were ' it . not for the typical 
glauconitic shaly dolomitic sandstones so easily and clearly ident- . 
ified as the Franconia. ' , . 

The Dresbach sandstone, 100 feet thick, gives cuttings ,vhich 
, suggest a more generous yield than the tests on ' completion 
proved. 'it rests on typical Eau Claire beds. 

DENISON 
(A Itit1ule 111 0 feet) 

The deep well at Denison, completed for the city in 1916 by W. 
H. Gray and Brother of Chicago, is 1810 feet in depth, with diam­
eters from 14 to 8 inches .. , The pumping capacity is 200 g.p.m. 
and is sufficient for the normal demand. Two dug wells, yielding 
60,000 g.p.d. are in reserve. The static level is 88 feet with a 
draw down to·170 feet. The inain supply comes from the Saint, 
Peter and the Prairie du Chien, from 1680 feet and below, the 
lower beds furnishing the large! amounts. 

The upper casing, 14 inch, is 26~ feet in length. A 10 inch cas­
ing 261 feet long is . bedded at 500 feet. The shales above the 
Saint Peter sandstone are cased out with 8 inch ca~ing, 46% feet 
long, bedded at 1665 feet . . 

The cost of the well was $6613. 

Driller's "Log 
DEPTH IN FEET 

Struck sh~le at ............................................................................................... ,.......... 245 
Drift and shale ....................................... _ .... :............................................................ 245-485 
Brown limerock .............................. ,. ...... _ ........................ , ......... : .............................. 485-950 
Lime rock with, traces of shale ................................................................................ 950-1600 
Shale and rock, ca>:ed and had to be cased out .................................................... 1600-1665 

, Lime rock ....... : ......................... __ ...................................... _ ............ .; ........................... 1665-'1680 
Sandstone ... ~ ................................................................................... : ............................ 1680-1730 

. Brown lime .................... : .............................. : .......... ~ ........ .;. .. :., . .,., .............................. 1730-1810 
Below the sandstone there seemed to be many crevices, as we drill~d 35 feet, from 

1740 to 1775 feet, without being able to get.a sample. 
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Record of strata in City well no_ 1, Denison 

DEPTH IN FEET 

Pleistocene and Recent (210 feet thick; top 1170 feet above sea level) : 
Alluvium, silts, clay, sand and glacial tills; 20 samples __ ____ _____________________ 10-200 

Pennsylvanian (170 feet thick; top J)60 feet above sea level) : 
Shales, gray, brown, black; 17 samples ___________________________________________________ 210-370 

Mississippian, Devonian (f), Silurian (780 feet thick; top 790 feet above 
sea level) : , 
Limestone, whitish and ' light yellow-gray, crystalline-earthy, rapid 

effervescence i¥ cold dilute Hel, in flaky chips; with some chips of black shale _____________________________ ___________________ _________________________________ _________ 380 

Flint, yellowish; limestone of same color; a little shale -__ _______________ ___________ 390 
Limestone, buff and gray, fine-grained, effervescence moderately slow _l 400,410 
Shale, gray, calcareous, in concreted masses ______ _________ ___ ________________________ __ __ __ 420, 430 
Chert, white; limestone, gray; some brown ferruginous limestone; shale 

in concreting powder ______________________________________________________________________ __ ______ :_ 440 
Shale, gray; w:ith some limestone, white crystalline-granular and -light 

yellowish, cryptocrystalline, rapid effervescence; white chert _____ __ __ _ 450 
Shale, gray; limestone, white, gray and buff, reaction rapid; chert, chal­

cedonic silica, and quartz sand in fine irregular grains; 3 samples __ 460--480 
Limestone, gray, fine crystalline-granular, much: blue-gray flint ______________ 485 
Flint, blue-gray; and limestone, yellow-gray and whitish, crystalline-granular , rapid reaction ________ __ __ ____________________________________ ________________________ _ 

Limestone, whitish and yellow-gray, rusted buff, encrinital, -rapid re-sponse to acid ____________________________________________________________________ . _______ .. __________ . __ _ 

Limestone, blue-gray and whitish, sub crystalline and earthy, reaction 
rapid; at 520 laminated and with chips of vein or geodic quartz; 

490 

500 

4 samples ________ _______ . ___ . ____________________ . __ ________________________ ._. _________ . __________ _________ 510-540 

Limestone, light yellow-gray, calcilutite, and buff, fine crystalline-granular ____________________ _____________ __________ __ ________ . __________________ __ __ __ __ __ __ _____________ ____ _ 

Li~estone, light yellow-gray, whitish and gray; crystalline-earthy and 
fine crystalline-granular, oolitic at 580, cherty at 570 and 690, 
rapid effervescence, with - considerable quartz sand in cuttings at , 

550 

610 and 630, and some in all; 14 samples __ __ : ________________ . __ __________ .. __ _____ . 560-690 
Limestone, light yellow-gray, slow reaction, some rapid _________ __ ________________ 700 
Limestone as above" cherty; 3 samples . _____ . _______ . __________ .. ____ . ___________ . ___ . __ .. ____ 710-730 
Limestone, l~ght yellow-gray, fine grained, rapid effervescence; light gray chert _______________ . __________ __ ,. _________ . ___________________________________ . ____ . ___________ . _____ _ 
Limestone, drab, cherty, argillaceous, rapid response ___ ______ ____________ __________ _ 
Limestone, light buff, fine crystalline-granular, rapid effervescence; cherty ____ ____ . ___ . ______ .. ________ __ . ________________ ___ _____ ._._. _________________ .. __ ____________ . __________ _ 
Limestone, buff, rather slow response to acid _. ____________ . ____ . ________ __________ . ___ , __ _ 
Limestone, light gray, rather rapid reaction ______ . ______________________________________ _ 
Dolomite, light blue-gray, fine crystalline-granular, in fine sand; 4 

samples ________________ _______ __________ . ____________________ --____ __ _______ ____ . ____ ~ _________________ . _____ :_ 
Limestone, gray, earthy, rather rapid reaction, some chips slow .... ______ :_ 
Dolomite, light blue-gray; 3 samples ____________________________________ . __ ._. ___ . ___ ... _______ _ 
Dolomite as above, with some limestone chips of rapid effervescence ___ _ 
Dolomite, light yellow-gray, fine crystalline-granUlar, with some chips of 

740 
750 

760 
770 
780 

790-820 
830 

840-860 
870 

rapid effervescence; 5 samples _______________ _____ . ___ ___ __ __ .. ______________ _______ .. __ ___ 880-920 
Dolomite, light gray, somewhat argillaceous _. ___________ . ___________________________ :____ 930 
Limestone, whitish and' blue gray, earthY,;in flaky chips, reaction rapid; 

some dark gray, finely laminated, highly argillaceous; some green 
shale, fissile, calcareous ____________ ____________ . __ . __ . ______________ __ _________________________ __ _ 

Dolomite, light buff ____________________ ______ . _______________________ .. ___ ... ____ _______________ __________ _ 
Shale, blue-gray, highly calcareous, in hard concreted masses _____ , __ ___ .. ____ _ 
Dolomite, light yellow-gray, unwashed cuttings ip: friable concreted 

940 
950 
960 

masses, washed cuttings in crystalline sand _________________________ ._ .. __________ 970, 980 
Dolomite and shale; dolomite, light yellow gray in sand; shale} blue-gray _____________________ . _________ . __________ . ___________ ____________________________________________ . ______ . ___ 990,1000 
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. Dolomite as above, some flakes of gray-green shale; in hard concreted masses ______ __ __________ __ __________________________________ _________ __ ___________ _____________________________ 1010 

Dolomite and shal!!; .dolomite, .light yellow-gray, in sand; shale in con-creting powder ___________ ________________________________________ , ___ . _________________ . ______________ ._ 1020 
Dolomite, in light buff sand; 4 samples ___ ___ __ ________ . _______________ : ______________ ______ 1030-1060 
Dolomite, light yellow-gray and buff, ci-ystalline-granular, effervescence 

somewhat more rapid than LeClaire dolomite; at 1100 majority of 
grains of cuttings show rapid effervescence; 9 samples _______________ __ ___ 1070-1150 

Ordovician: 
.. Maquoketa shale (40 feet thick, top 10 feet above sea level)-

Dolomite, blue-gray, earthy, moderately slow effervescence ______________ 1160 
Dolomite and shale, dolomite dark blue-gray, moderately slow re-

action, in sand; shale in powder, considerable pyrite ___ ____________ 1170 
Shale, light drab, in hard concreted masses gritty with fine 

limestone particles _________________________________ , __ _______ ________________________________ 1180, 1190 

Galena and Platteville (480 feet thick; top 30 feet below sea level)-
Dolomite, buff, sub crystalline, considerable pyrite at 1220; 3 samples ______________________ . _______ .. .. _. __ __ __________________ __________________________ __ : _________ 1200-1220 
Chert, white,' gray and blackish, mottled; and dolomite __ ________________ 1230 
Dolomite and · chert, as above ___________ __________ _ . ___ ___ . ____ . _______________________ .____ 1240 
Chert and dolomite, light gray _______________ __ . ________ .________________ ___________ __ ______ 1250 
Doloinite and chert _________ . _____________ . ___ . _________ . ___________________ . ____ ._______ ____________ 1260 
Dolomite, light gray; 3 samples __________________________________ _________ _____ . ___________ 1270-1290 
Dolomite, gray, vesicular, crystalline-granular, rough, cherty__________ 1300 
Dolomite, gray and dark gray, subcrystalline and white, cherty; 

some cuttings with pepper and salt appearan:ce; 8 samples ______ 13~0-1380 
Dolomite, gray, argillaceous; cherty ___________________________________________________ 1390,1400 
Dolomite, light gray, with flint of same color ____________________________________ 1410 
Dolomite, whitish, in flour, argillaceous, cherty; with particles of 

crystalline quartz too minute to polarize in strong colors ________ 1420 
Dolomite, gray and buff, mostly in fine crystalline sand, cherty at 

1440-1470, 1510-1540; 15 samples ________________ . ___ __________________________ ____ 1430-1570 
Limestone, blue-gray and yellow-gray, in small chips, rapid reaction 1580 
Shale, light blue-gray, highly calcareous, in hard concreted masses, 

quartzose with minute grains and angular particles; 3 samples __ 1590-1610 
Limestone, light yellow-gray, earthy, soft, rapid response, in flaky 

chips; and chips of green-gray, fissile calcareous shale __ ____ :_______ 1620 
Shale, blue-gray, green-gray and drab, calcareous; 4 samples _______ _ 1630-1660 
Lin),estone, light gray, reaction rapid; pyrite; chips of gray shales 1670 

Saint Peter sandstone (60 feet thick; top 510 feet below sea level)- . 
Sandstone, white, fine, grains well rounded, frosted; a few chips 

of limestone of brisk effervescence at 1680; a little green 
shale in chips at 1710-1720; 5 samples ____________________________ ____________ 1680-1720 

Sandstone, minute ill-rounded grains of pure quartz, some stained 
with iron; ehert; much pyrite _____ . _________________ . ___ ________ . ____ .______ ___ ___ _ 1730 

Prairie du Chien (penetrated 70 feet, top 570 feet below sea level)-
Dolomite, whitish, light yellow-gray and pink, somewhat rusted, 

sparsely arenaceous with imbedded grains; cuttings in coarse 
sand with considerable quartz sand and green shale __ ________________ 1740 

"Drillings washed away" ____________ ___________ . _____ L ___ __ ______ ___________ ____ ___ _________ 1750, 1760 
Dolomite, light gray and oolitic chert _______________________________ .__________________ 1775 
Dolomite, light yellow-gray, in sand, arenaceous, particles of dolo-

mite largely in excess of quartz grains __ _________ ._.___________________________ 1785 
Dolomite as above, some quartz grains with secondary enlarge-ments __ __ _______ ______________________ . ____________________________________ _____ . ________________________ 1795-1805 

Dolomite, as above, arenaceous, grains of quartz sand, rounded; 
coarser and more 'numerous than above; considerable chert __ ____ 1810 

Notes.-In the Denison section the Coal Measures may seem 
exceptionally thin, but it must be taken into account that their 
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base lies '45 feet higher than at Audubon, for example; .of points 
southeast, while the preglacialsurfa'ce stands 88 .feet lo-wer. 

The base of the Mississippian is undetermined. If it lies at 
about the same distance above the top of the Saint Peter as at 
Audubon', it may occur at 790 feet (380 feet above sea level) 
where dolomites or magnesian limestQnes begin in heavy·beds. 

, The thickness of the Silurian at Stuart, where it is believed to 
be marked by gypsiferous "Qeds, leads to the inference that the 
dolomites at D~mison from 790 to 1160 feet may belong to that 
system. The shales ana ' argillaceous limestones at the latter 
depth seem to correspond stratigraphically with the Maquoketa 
at Stuart. The underlying dolomites and limestones and basal 
shales to the Saint Peter sandstone at 1680 feet are thus assigned 
to the Galena and Platteville and to the Glenwood. 

The Saint Peter is here too fine of grain to be a bountiful 
water-bed. The main supply comes from the creviced dolomites 
and sandy layers , of the Prairie du Chien. The upper beds of 
these dolomites, and perhaps all of them, belong to the Shakopee, 
but possibly the highly arenaceous stratum struck at 1810 repre-
sents the New Richmond sandstone. ' 

It may be added that the cuttings were unwashed. The colors 
given are those of the individual chips after washing and are 
thus different.from the color of the cuttings in mass, which was 
pretty uniformly a gray. 

C~(jmical Analyses of Cuttings from deep well at Denison* 
DEPTH 

IN FEET 720 780 790 870 1070 1300 1540 1580 

Fe,O, ...................... 7.24 .92 1.31 1.59 .90 .63 2.26 4.82 
. AI,O, ... _ ........ _ ........ .44 .62 0.00 .49 .34 1.5! .57 .53 
CaCO, ---_._---._-_ .... _---- 52.30 60.80 57.34 61.01 64.40 56.52 57.02 80.10 
MgCO ..................... 40.23 37.57 41.63 37.27 34.43 41.77 ,40.20 14.60 

Total, ...................... 100.21 99.91 100.28 100.16 100.07 100.43 100.06 100.05 

DES MOINES 

WELL OF NORTHLAND MILK AND ICE CREAM COMPANY, EAST 6TH 
AND DES MOINES STR~ETS 

This well was drilled in 1925 by Thorpe Bros. of Des Moines. 
The flow over the WP, when the well was completed, was approx­
imate~y 100 ~.p.in. 

* Silica omitted, because of chert and quartz sand in cuttings. 
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Record of strata* 
DEPTH IN FEET 

Pleistocene and Recent (26 feet thick; top 833 feet above 'sea levei) : 
"Yellow clay" ..................... : .................. ,.............................................................. 0-2G 

Pennsylvanian' (209 feet thick; top 807 feet above' sea level) : . 
, 'Gray shale" .............. : ................................................. ~ ................................... ;. '. 26-60 
"Brown shale" ............. : .................................................................. : ...........•.. ,.... 60-70 

: : ~1~:~ s;~~~, ~e~~ .. ::~~~~~.: .. :~:::::::::::::::::::::::::=::::::::::::::::::::::::::::::::::::::::::::::::::: ~ti~5 
"Light shale" ...................................................... ~ .... _ ......................................... 105-115 
"Dark blue shale" .............................................................................................. 115-170 
"Light blue shale" ............... :.: ...... : ............. ~ .............................. :...................... 170-213 

. "Dark shale" ....................................... L ................ : ....... , ................................... 213-217 

: : ~~~:t~::;e ;~;!~.:: .. ::::::::~~:~::::::::::::~::::::~::::~::::::::::::::::::::::::::::::::::::~:::::::::::::::: ~E~i~ 
Mississippian: 

Meramec, Osage and Upper beds of the Kinderhook (400 feet thick '; 
top 598 f eet \tbove sea level)- • 

"Limestone i, ................................................ : ............................................... 235-275 
"Shale, blue" ....................................................... _ ..................................... 275-280 
, , Limestone" ................................................................................................ 280-295 
"Bro'lfn shale" ..... , ........................ : .................................................. : ... : ...... 295-335 
, , Limestone" ................................................................................................ 335-345 
"Shale, with lime streaks" .............. : ............................................. : ......... 345-365 
, , Limestone' , ............ : ................................................................. :................. 365-380 
"Lime, with shale streaks" ...................................................................... 380-410 
"Limestone" ....................................... _ .......................................... :.: .......... 410-460 

: : ~f!~e~t~~~:' .. ::::::::::::::::::::.::::::::::::::':::::::::::::::::::::::::~:::::::::::::::::::::::::::::::::: !n~~g 
Limestone, with large amounts of chert ...... ~ .: .... :................................ . 505 
Limestone with sand, limestone dark gray, in fine chips mnging up 

to one·fourth inch in diameter, finely granular~ responds rather 
slowly to acid; residue quite large, very fine· textured, gritty; 
chips of white granular quartz ...................................................... 515, 530 

Limestone, similar to above, more ready response to acid, residue 
chelty, only a little sand ..... _ ......................................................... 540,550 

Lil)lestone, as above, more dolomitic; white flint .................. :............. 560 
Limestone, shaly, gray, in friable concreted lumps; response to 

acid' very brisk; residu!l abundant, of exceedingly fine white 
sand grains and . clay ....................................................................... . 570 

Limestone, light gray, 'in concreted lumps which break up l'eadily 
into fine powder and small chips, response to acid very ready; 
cherty; a 'little very fine sand; 3 samples ...................................... 580-600 

Limestone, lighter gray than above, very readily soluble ................ 610, 620 
Kinderhook shale (185 feet thick; top 198 feet above sea level)-

Shale, .gray, red, chocolate colored, etc., soft; fine; somewhat limy 635 
Shale, gray, soft, very limy; some finely gritty;. 9 samples ....... : ...... 640-720 
Shale, light tan, soft, very limy, finely gritty; 3 samples .................. 730-740 
'Shale, similar to above, more gritty with chips <if gray liIQ.estone 

and blue gray shale ........................................................................ .. 750 
Shale, light tan, limy, finely gritty, and with small chips of light 

grll:Y . a~d dark gray ~mestone, very responsive to acid, finely 
crystallme ............................................................................................ 755, 760 

Shale, tan, limy, finely gritty, noncalcareous; flakes of limestone, 
, . dark gray, fairly ready response to acid; flakes of selenite .... 

Shale, brownish tan, and dark plue, s~ft, only slightly gritty, non· 
calcareous ........ : .................. ~ ............... - .............................................. . 

Shale, as at 770 ................................... :~., .... : ........................................... .. 
Shale, brownish, in I' ather coarse powder; flakes of selenite; dark 

----
* By Dr. James H. Lees, Assistant State Geologist. 

770 

775 
790 
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sand grains; yellowish calcite. A small chip disintegrates in 
acid leaving abundant sand ................... ________________________________________ _ 800 

Devonian (120 feet thick; top 13 feet above Sea level) : 
Limestone, light gray, in flakes, grains and powder; noncrystalline; 

effervesces freely in acid; considerable fine siliceous residue; dark 
round flat masses like flax seed which probably are ironstone _______ _ 

Shale, very light gray, readily effervescent, finely gritty; very fine 
grains of silica, some dull, some sparkling _________________________________________ _ 

Limestone, dark gray, very fine-grained; calcite; crystalline fragments 
of quartz; ironstone concretions as above; flakes of white chert; 
little clay present in the limestone but much silica in :fine grains in 
addition to the flint. Another sample marked 840 is a light gray, 
highly calcareous, very fine powder and evidently represents a 

820 

830 

streak of limy, finely 'siliceous shale _______________________________________________ . ______ 840, 850 
Limestone, gray, in powder and small grains, very ready response to 

. acid; some transparent granules of quartz; ·c.onsiderable sandy residue __________ __ ___________ _______ _________________________ _______________ ___ ___ ____ ________ _____ _______ ____ 860,870 

Limestone, light tan, in :fine gritty powder, highly calcareous', some sandy residue ___ ___________ _______ _______________________________________________ _______________________ _ 

Limestone, light gray, dolomitic, in very fine grains, which under the 
glass are seen to be almost white and translucent with many small shining fragments of calcite __________________________ _______ _____ ___ ___ ____ ___ . ___ ___ __ _____ _ 

Limestone, gray, crystalline, as above, but somewhat more responsive to cold acid _____________________________________________________________________________________________ _ 

Limestone, darker gray, crystalline, responds vigorously to cold acid ___ _ Limestone, as at 900 _____________________________________ , __ ___ ____________ . ____ _________ __________________ _ 

Silurian (penetrated' 414 feet; top 107 feet below sea level) : 
Limestone, a little darker than above, readily soluble; with insoluble 

. white sub crystalline flakes of the hardness of anhydrite _______________ _ 
Limestone, light gray, in grains and small chips; flakes of white :fibrous selenite three-fourths inch long ____________________________________________ . __ . ____________ _ 
Limestone, gray, in grains and chips, noncrystalline, some crystalline, 

effervesces freely in cold acid; (at 980 in very small grains, white 
to dark brown, action in acid brisk) ; large clayey and sandy resi-

880 

890 

900 
910,920 

930 

940 

950 

due; 4 samples ____________ _____________ _____________________________________________________ . ___________ 960-990 

Limestone, gray, in :fine sugary grains, free effervescence in acid; 6 samples _________________________________________________ , ______ _______________________________ _________ __ __ _ ._1000-1060 
Limestone, as above; large residue of gypsum or anhydrite ________ ______ ______ 1070 
Limestone, light gray; large admixture of gypsum, some in flakes one-

fourth inch in diameter; response to cold acid slow at :first but 
increasing ------------------------------------------------------_________________ __ _______________ ___________ 1080-1090 

Limestone, darker gray than above, response to acid fairly ready, resi-due small; some gypsum ________ __ _____________________ _______ ______ .. _______ ___ ______ ___________ . 

Limestone as above, action in acid brisk -----------------------------------------------------­
Limestone, dark gray, sugary texture, action in acid slow at first; some ' 

1100 
1110 

flakes of selenite _____________________________________ . ____ __ .. _ .... ____ ... ____ . ____ . ____ ... ___ . ____ ... _ 1120 
Limestone, dark gray . __________________ , .. ______________________________________________________________ .. __ 1130 
Limestone, light gray, in fine powder concreted into masses ________________ .... 1140 
No samples, "lime" of driller's log ____ ._. ________________________ __ __________________ . __ ...... 1140-1210 
Limestone, gray, sugary texture, action in acid brisk; 7 samples _________ :1210-1270 
Limestone, gray, action in acid starts rather slowly . ______ _____ . ___ . ___________ . __ . , 1280 
Limestone, gray, sugary, dolomitic, solution nearly complete . ____ . _______ .. __ . 1290 
Limestone, as above, sandy residue _______ .. _______ . ___ . _______ . _____________________ ._ .. __ .. __ .. 1300 
Limestone, yellowish, in :fine sugary grains, moderate response to. acid; 

residue :fine clear grains of sand and fragments of gypsum __ _______ ._. 
Limestone, as above. Another sample taken from the drill bit at 1320 

fee~ is shale, red, yellowish, blue, purple, etc., slightly limy, some-
what gritty. Just above the shale is a thin bed of sand which runs 
very freely and gave the drillers a good deal of trouble. Sample 
effervesces freely; large residue of clear quartz grains ,_,_"_,_, __ ,,,_,,_, 

Shale, like that in sample above ____________________________ . __ __ . ____ . ___ . ________________________ . 
Limestone, light gray, in small grains and larger chips ranging up to 

1310 

1320 
1330 . 
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one-fourth inch in diameter, effervesces readily; numerous flakes 
of bluish shale; flint, pink and White; clear grains of quartz which may come in part from bed above ___________________________ ___________________________ ~ __ _ 

Dolomite, ' light gray, sugary; much quartz sand in small clear well-_. 
rounded grains, with some white and pink flint. The quartz com-
poses probably two-thirds the entire mass __ .......... _ ....... _ ........ _: ......... . 

Driller's Log 

160 

1340 

1350 

D EPTH IN FEET 

Given above in Record of strata .......... _ ......... _._..................................................... 0-510 
Lime, sandy ............................................................. _ .................. _ .... _ ......................... 510-555 
Limestone ............................................... _ .................................. _ .................. _ ............. 555-630 
Shale ................................................. : ................................... _ .................................. __ . 630-748 
Limestone ..... __ ............................. _ .................... _ ......................................................... 748-775 

i:~ ;~;e{u:e~~~ .. ~~~~ .. ::::::::::::::::::::~:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ~~t~~g 
Hard sandstone .............. _ ........ _ ...... _ .......... _ .......... _ ................. ___ ........... __ .................. 888-890 
Hard sand and lime ............................... __ ................................................................. 890-907 
Hard lime ......... _ .................... _ .... _ ............. _ .......... _ .......... _ ... _ ...................... __ .......... _ 907-990 
Broken lime, some salt water overflowed at surface ...... _ ...... __ .... _ .... _._ ............... 990-1010 
Hard lime _ ........ _ .... _ ................ _ ............................................. _ .. _ ... _ .............. _ ..... _ ........ 1010-1020 
Broken lime ..................... __ .... _ ...................... _ ............................................................. 1020-1080 
Lime .. _ .......................................................................... _ ............. _ ..... _ ......................... 1 080-1222 
Lime streaked with shale ............... : ................. _ ........ __ ....... _ ... _ ... _ ..... _ ... _ ................. 1222-1272 
Hard lime .............................................. _ .............. _._._ .. _ .... _._ .............. __ .... __ ............... 1272-1310 
Yellow shale with sand __ ................................ _ .......................... __ ................. _ ........... 1310-1320 
Red shale ..................... _ ................. , ............ _ ................................. _ ............................. 1320-1325 
Light shale .................... _ ....... _ ... _ ................................ _ .. _ .. _ .................. , ........... _ ......... 1325-1336 
Sand and lime mixed, strong flow of water ............ _ ............... __ ................ _ ......... 1336-1355 

Analysis of water by Dearborn Chemical Co., Chicago, D. K. 
French, Chemical Director. d" 

Mineral Analysis 

HYPOTHETICAL COMBINATIONS 

Silica : ....................... _ .. _ ............. _ ................... __ _ 
Oxides of Iron and Aluminum ........ _ ........ __ .. . 
Carbonate of Lime ___ ........................... _._ ...... . 
Sulphate of Lime .. _ ... _ ..... _ .... _ ...... _ ....... _ ... __ . __ 
Carbonate of Magnesia ............................... . 
Sulphate of Magnesia ............ _ ....... _ .............. . 
Sodium and ;potassium Sulphates . __ ............ . 
Sodium and Potassium Chlorides ............... . 
Sodium and Potassium Nitrates ... _ ......... _ .. . 
Loss, etc. . ..............•.......................................... 

GRAINS PER U. S. GALLON 
OF 231 CU. IN. 

1.168 
.116 

Trace 
94.196 
11.550 

7.674 
119.435 
12.240 
Trace 

.069 

Total Soluble Mineral Solids ...................... 246.448 
Organic Matter .: ............ _._ .................. _........ Trace 
Suspended Matter ._ ........... __ ................ __ ....... _. 2.336 

Total Soluble Incrusting Solids .............. 107.030 
Total Soluble Nonincrusting Solids _....... 139.418 

Pounds ~oluble Incrusting Solids per 1000 U. S. gallons 15.29 
Pounds Solubl.e Nonincrusting Solids per 1000 U. S. gallons 19.92 

DEEP WELL OF WOOD BROTHERS, DES M01;,NES 

This well was drilled by Thorpe Brothers Well Company. in 
1926. On completion it tested 250 gallons per minute and during 

• 
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this test 'Of between three and four days the water, which had 
stood at 67 feet below the curb at the beginning of the test, low­
ered but 11 feet. The elevation of the curb is 840 feet above sea 
level. 

..: Driller's log of well of Wood Brothers* 

. DEPTH 'IN FEET 
Pleistocene and Recent (85 feet thick; top 840 feet above sea level) : 

Soil .......................... : .......................... _ ................................. ,.............................. 0-15 
. Sea' mud and sand ................................................ , .......................................... ~ 15-85 

Pennsylvanian (145 feet thick; top 755 feet above sea level) : 
Shale, yellow ..................... : ............................... , ......................... :: ................. :... 85-230 

Mississippian above Kinderhook shale (390 feet thick, top 610 feet, above , 
sea level) : 
Lime .................................................................................................................... 230-1>00 
Shale, green ............................................................. _ ...... '_ ................................. ·300-330 
Lime ..................... , ................................ :............................................................. 330-405 
Shale, green ......................................... _ ............................................................ : 405-425 

. Lime ............................................................................................... _................... 425-485 
Shale, ijght ........... , ............................................................................................ 485-490 
Lime ........................................... : .......... c . ........................... _., ................ :: ........ . ~. 490-620 

:):tinderhook shale (65 feet thick; top 220 feet above sea level) ': . 
. ·Shale, green ........................................................................................................ 620-645 

Lime .................................................................................................................... 645-660 
Shale, green .......................................................... : ..................................... : ... :... 660-685 

Devonian and Silurian (665 feet thick; top 155 feet above sea level) : : . 
. Lime .................................................................................................................... 685-1295 

Shale, red .................................................................................................... ~ ....... 1295-1315 
Sandy lime, sharp (Roing sands of Silurian) .......................................... 1315-1350 

Maquoketa shale (100 feet thick, top 510 feet below sea level) : ' 
Shale, red .......................................................................................................... 1350-1375 
Shale, blue ............................................. ~ ............................................................ 1375-1450 

Galena; Decorah, Platteville, Glenwood (455 feet thj.ck; top 610 feet below 
sea .level): . . 

~~:~ :~!~: ::::::::::::::::::::::::::: ::::::::::::: :::::::=::::::::::: : :::::::::: :::::::: ::::::::::::::::::::::=:::i~~~= i~~~ 
Lime ..................................................................................................................... 1575-1850 
Shale, green (Decorah) .. : ..................................................... , .. , ....................... 1850-1860 
Lime (Platteville) ............................................................................................ 1860-1890 ' 
Shale, green (Glenwood) ................................................................................ 1890-1905 

Saint Peter (25 feet thick; top 1065 feet below sea level): 
Sand, soft; white .................................................................. : ............................ 1905-1930 

Pr'airie du Chien, 430 feet thick; top 1090 feet below sea level) : . 
'Lime .................................................................................................................... 1930-2085 
Sandy lime .................................... :: ........................................... : ........................ 2085-2140 

. Sand, white ........................................................................................................ 2140-2185 
Lime .. : ................... , ...................................................... , ..................... _ ............... 2185-2360 

. Jordan (penetrated 63 feet; top 1520 feet below sea level): . . 
Sand, . brown and white ....................................................... , ............................ 2360-2395 
Sand, soft, white ............. : ............................ ~ ................................................. : .. 2395-2423 

N otei.---':"Comparing the sections of the two wells described 
above and that of the deeper well at Greenwood Park48 it will be 

*.Assignment to forma.tions by W. R. Norton. 
4-8 ~orton\ W. R., Iowa Geol. !'lurvey, vol. XXI, pp. 893·894 . 

• 
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seen' that at the park well the Coal Measures are 'much thicker 
than at 'the others, while the Mississippian is, correspondingly 
thinner. , 

The gypsum found by Lees at Silurian horizons in the N orth­
land well, like that founq. at the same levels 'in the Park well; is , 
'referred' to the Salina rather than the Niagaran. 

The Roing sands at the bottom of the N orthland w~ll may be 
the same as the arenaceous dolomite occurring 21 feet higher hi 

, ~he Park well and overlying 55 feet of cherty dolomite. In the 
Wood Brothers' well, the Roing is apparently represented by the 
."sandy lime, sharp" at 1315 feet, immediately above the shales 
assigned to the .Maquoketa. ' , 

The top of the Maquoketa appears 63 feet higher in the 'Wood 
Brothers' well than in that of Greenwood Park and the formation 
is 67 feet thicker, the base of the, shales in both geing at about the 
!'lame elevation. In both wells the Galena, Decorah, Platteville 
and Glenwood are well made out. The thickness assigned to the 
underlying formations is as close: as is to be expected, and the top 
of the Jordan "is but 26 feet higher at Greenwood Park than in 
the well of-Wood Brothers. ' 

DE WITT, CLINTON COUNTY 
(A ltitude 719 f eet, C., M. 9" St. P . By) 

Previous to 1923 , the city supply of De Witt was drawn from 
~wo wells, 274 and 524 feet deep. In the first water w~s obtained 
from the Niagaran limestone immediately above the floor 'of the 
Maquoketa shale; in the second from tlie ,Galena limestone im~ 
mediately :below the ceiling formed by the base of the same im­
pervious shale, with a yield of 50 gallons per minute. 

In January, 1923, a well 1646 feet deep was completed by the 
F. M. Gray, Jr., 'VeIl Company.of ~ilwaukee. The diameters 
are 12~;2 inches to 70 feet, 12 inches ·to 283 feet, 10 inches to 1256 
feet and 8· incp.es to bottom. ' The well is cased to 70 feet, from 
283 to 526 feet, casing out the Maquoketa shales, and from 877 to 
1256 feet. , . 

The chief supply was found in the Dresbach sandstone at 1646 
feet. The Saint Peter also was water bearing at 1100 feet.. 

The static level is '101 feet below the surface. At the test, 

r' 
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pumping 225 gallons per minute gave a draw down of but one 
foot. The cost of the well was $10,000 and of the pumping ma­
chinery $5,000. 

Recor.a of St·rata 

DEPTH IN FEET 

Pleistocene and Recent (30. feet thick; 718 feet above sea level) : 
, 'Clay and drift" .................................... , ........ , ....... _ .. _ .................................. :.. 0.-30. 

Niagaran (295 feet thick; top 688 feet above sea level) : 
Dolomite, bright buff and yellow, pale cream color at 220.; slightly 

cherty at 220. and 240., very cherty at 260.; 14 samples .................... 30.-280. 
_ Dolomite, blue· gray ............................................. _ ........................................... 280.-295 

Maquoketa (20.1 feet thick ; top 423 feet above sea level) : 
Dolomite, .blue·gray, crystalline; greenish drab, earthy, argillaceous; in 

chips; shale, light blue and drab, calcareous ......... _ ........................... 295-30.5 
Dolomite, blp.e·gray, crystalline in chips; shale, light blue .................... 30.5-325 
Shale, blue, plastic; 5 samples ....................................................................... 325-425 
Shale, gray; 2 samples ........... _ ....................................................................... 425-465 
Shale, brownish gray ....................................... _ .......... _................................... 465-485 
Shale, blue ...................... ~ ............................................. _ .......... _....................... 485-496 

Galena·Platteville (333 f eet thick; top 222 feet above sea level) : 
Dolomite, pale brownish gray and dark gray, crystalline, in clean 

chips; 4 samples .. , ..................................................................................... 496-525 
Dolomite, light buff·gray, in fine sand; an occasional well rounded 

grain of fine quartz sand ...................................................... :................. 525-535 
Dolomite, light brown· gray ..................... _ ..................................................... 535-555 
Dolomite, buff and brown·gray, in fine sand, and 'chips; 3 samples ...... 555-60.0. 
Dolomite, brown in mass, crystalline ............................................................ 60.0.-620. 
Clay, yellow, slightly calcareous, very fine· grained ; a little white sand· 

stone of microscopic angular particles of clear quartz ...................... 620.-625 
Limestone, light gray and brownish gray, brisk effervescence in cold 

dilute HOI; a little brown dolomite; some white chert; 3 samples 625-680. 
Limestone, whitish and brownish gray, rapid effervescence, cherty; 3 

samples ........................................................................................................ 70.0.-755 
Shale, green, fossiliferous; pyrite; impure limestone (Decorah) ............ 755-760. 
Limestone, drab and gray, finely laminated and fossilifer~)Us at 760.; 

3 samples ............................................................. _ .......................... _......... 760.-820. 
Limestone, -medium dark blue· gray .............................. : ................................. 820-829 

Glenwood (13 fe~t thick) : 
Sandstone, whitish gray in mass, grains well rounded, some with sec· 

ondary enlargements; a little brown inflammable shal'e .................... 829-833 
Shale, green, fissile, feebly effervescent ............................................. .:. ....... 833-842 

Saint P eter sandstone (223 feet · thick, top 124 feet below sea level) : 
Sandstone, whitish gray in mass, grains rounded, frosted, up to 0..8_ 

mm. diameter; some green shale; on one chip sandstone and shale 
in apposition .............................................................................................. 842-850. 

Sandstone, white, clean, very :fine .................................................................. 850-860. 
Sandstone, white, medium; 4 samples ........... _ ...... _ ........................ _ ........... 860.-915 
Sandstone, white, some rusted grains; 4 samples ............ : ......................... 915-970. 
Sandstone, light gray and cream colored; 3 samples ................................ 970-10.15 
No samples, "sandstone" ....... _ ........................................................................ 10.15-10.50. 
Sandstone, light yellow fr9m iron stained grains; secondary enlarge· 

ments ............................. : .............................................................................. 10.50-10.65 
'Basal beds of the Saint Peter formation : conglomerates, shales and sand· 

stones (295 feet thick; top 347 feet below sea level): . 
Sandstone, light pink, fine to medium, some secondary enlargements, 

color due to pinkish and reddish grains . and remains after boiling 
in acid ................................................. , ............................................. _ ......... 10.65-10.70. 
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Sandstone, yellow, some grains rusted; some secondary enlargements, 
a very little dolomite, "chert pebbles" (Thwaites) ___________________ ____ 1o7O_1o8o 

Shale, dark purplish red, hard, :fine-grained, noncalcareous; a little 
shale light greenish, noncalcareous; chert pebbles up to 1 cm. 
diameter, surfaces softer than interior __________________________________ ____ __________ 1080-1140 

Shale, dark purplish red, noncalcareous, nonarenaceous except for a 
small amount of minute angular quartzose matter; shale light 
greenish, noncalcareous; nonarenaceous; pebbles of chert; some 
whitish aggregates of quartz sand and particles of cryptocrystal-
line silica _______________ __ ___ ___________________________ . __ ___ , _______ __ . _______ __ ________ . __ __________ . __ _ 1120_1135 

Dolomite, gray, in :fine chips; a little shale greep. and purplish red as 
above, in small rounded chips as if water-worn in the well; chert, 
white; much gray sand of rounded medium fine grains; one frag-
ment of black coal at 1135; two samples _______ ______ ______ . ____________________ ____ 1135-1161 

Shale, light blue-green, in moulded masses including rounded quartz 
sand and chips of chert ___________ . ____ . __ __ .-__ __ __ ____ • _________________________________________ 1161-1173 

Chert, white and brownish gray, white, in large angular chips, some 
decayed; some rounded fragments of green and red shale; quartz sand __________________ _____ . ______ . ____________ . ______________________ . __ . ____________ . _______ _ . ___ ______ _________ 1173-1190 

Chert, in small chips, quartz sand; much water-worn green and red shale __ _____ ~ ______________________________________________________________ _______ : ________________ . __ ____ ____ 1190_1200 
Chert, white and gray, some brownish gray; shale as above __ . ______________ : ____ 1200-1210 
Chert, white, and some quartz sand; much rusted; an occasional grain 

of dolomite; some white soft masses of decayed chert; very little , shale _____ . ________________________________________ . _______________________________________ ________________ . __ __ 1210_1220 

Chert and sand as above, some soft decayed chert; considerable dolo­
mite, gray, in sand; green shale, at 1220 very abundant and in 
large flakes; 2 samples ______ .. ____ . __________ ._____________ __________ __ ____ __ ___________________ 1220-1240 

Chert, oolitic, arenaceous, some pyrite; sand as above; considerable , -
green shale; some dolomite; 2 samples ________________ ________ ____________ ___ __ __ ___ __ 1240-1260 

Sandstone, in rounded grains, secondary enlargements; chips of :fine 
, noncalciferous white sandstone; oolitic chert, white, brown, yellow, 

purplish; whitish dolomite in sand; some green. shale; 2 samples ____ 1260_1280 
Sandstone, as above, chips of hard :fine sandstone abundant; chert; 

dolomite; shale ______________________________________________________ _________________________________ 1280_1290 . 
Sandstone, as above, coarse, grains up to 1 mm. diameter, secondary 

enlargements; grains much broken; chips of :fine sandstone; chert; 
pyrite; some light green shale and a little red shale in small chips._1290-1300 

Dolqmite, light purplish; sandstone as above but :finer; some green 
shale in small rounded chips; pyrite -______________________ . __ _ . ________________________ 1300_1310 

Sandstone, fine, gray, as above; dolomite, gray, highly siliceous with 
microscopic quartzose particles; shale and pyrite as above ______________ 1310-1320 

Dolomite; sandstone, gray in mass; all in :fine grains; shale as above; . pyrite; a cinder _______________ ________________________________________________________________________ 1320_1340 

Dolomite, yellow-gray, minutelY' siliceous with crystalline and cryptocry­
stalline quartz; much sandstone in grains, some sandstone with 
cherty material ;' some chips of chert; much green and red shale; 

. two large bits of coal ______________________________________________________ --------. __________ ______ 1340_1360 
Trempealeau (80 feet thick; top 642 feet below sea level) : ' 

Do~omite, buff, arenaceous with :fine rounded grains; clean, in :fine sand'; 3 samples ___________________________________ ______ ______ _______ ___ ___________________________ ~ _____ _______ ._1360-14QO 

Dolomite, whitish, in :fine flour; siliceous with minute particles of clear 
and cry to crystalline quartz; slightly argillaceous -------------_________________ 1400-1410 

Dolomite, gray and yellow-gray, in chips and sand, highly siliceous as above; 3 samples ________________ . _____________________________________ __ -- __________________________ __ 1410-1440 

'Franconia (100 feet thick ; top 722 feet below sea level) : 
Sandstone, .gray, of minute quartzose particles, dolomitic, glau«onitic ____ 1440_1450 
Sandstone, gray, very fine-grained 'but coarser than above, dolomitic, 

, glituconitic; ' 6: s'amples _____ __ ___ o _______ __ __ ,_.-------- ; ---.~--------------.-_______ J ____ , __________ 14ijO-1520 
Sandstone, brown in mass, from medium :fine rounded grains to minute 

quartzose particles, -highly glauconitic, d'olomitic -___________________ ~ _________ 1520_1530 
Sandstone, light gray in mass, grains up to 0.8 =. ,diameter; some 
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grains of dolomite with quartz grains imbedded; a little glaucon· 
i te ................................................................................................................ 1530-1540 

Dresbach (105 feet thick; top 822 feet below sea level): 
Sandstone, yellow, clean, a little finer than above; some glauconite ...... 1540-1545 
Sandstone, yellow in mass; grains white, frosted, rounded, larger 

graip.s up to 1 mm. diameter, mass color due to slight iron stain .... 1545-1555 
Sandstone, light yellow, finer than above; 2 samples ....................•........ _.1555-1575 
Sandstone, lIght yellow·gray in mass, medium, in grains and chips, 

dolomitic ; much fine material in cuttings .......................................... :.1575-1605 
Sandstone, light yellow·,gray, medium, rO.unded grains; 3 samples .......... 1605- 1645 

E au Claire (penetrated 1 foot; top 927 f eet below sea level): 
Dolomite, buff, in chips, siliceous with minute particles of quartz; much 

qual'tz sand in cuttings ........................................................... , ................ 1645...:1646 

Notes on the De Witt secti~n.-The samples of Niagaran dolo­
mit'e show the characteristic colors and textures of the Hopkin­
ton stage and the cherty beds at the base which are so well ex-
,hibited in the outcrops at Clinton. , 

'The dolomite and shal~ at the summit of the Maquoketa may 
represent interbedded transltionallayers. 

In the Glenwood, the presence is to be noted of a thin top layer 
of sandstone, separated from the Saint Peter sands by the usual 
green fissile shale. There is some doubt whether the sandstone 
from 842 to 850 feet should not go with the Glenwood, as it is 
placed by Dr. F. T. Thwaites of the Wisconsin Geological Survey, 
who has examined these samples for the drilling company. On 
(the whole, however, it seems preferable to regard the green shale 
of the cuttings ' as derived from the shale above, and this is also 
Ithe interpretation of the driller's log. 

Betwee~ the clean Saint Peter ~andstone ending at 1065 feet 
(;lnd the clean samples of dolomite of the Trempealeau which be­
gin at 1360 feet, the rocks in which the drill was working are rep­
'resented by anomalous and somewhat ambiguous samples whi'ch 
are taken ,by both. Thwaites and the writer to represent conglom­
:erates and shales with some sandstone. As will be noted from 
the detailed desoription given above, the samples consist of shales 
of vari<;>us colors, chert, much of it decayed, dolomite ,chipped to 
.fine sand, and s~ndstone either in loose sand or chips. The con­
glomeratic nature of much of this rock is confirmed by the char­

'acteristic caving'of it, a feature often noted in other wells. In the 
I ~, '" 

driller '8 log as given on the blue print of the consulting engirteer 
!the rock from 1.080 to 1256 is set down as "176 feet caving dolo­
mite,' brown and ,gray in va~ious shade~." . The Gray Well Drill-
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iIig Company writes ""We underreamed: this well from the. 1100 
ft. point to the point where the casing now rests" (1256 feet). 
"This was due to the fact that it was impossible for us to make ' 
any headway due to the bad caving nature of the formation." 
The casing referred to is ~n 8 ·inch pipe. bedded at 1256 feet and 
extending to 877 ,feet, high .up in the Saint Peter sandstone . . It 
is on account of this extensive and continued caving that the inter-. 
pretation of the cuttings is · difficult both for drillers and geolo-

. t ' glS S. .'/. 

There is no doubt that the Saint :Peter sandstone, with 15 .£€et 
of transitional. sandstone, is unde;rlain by 55 feet of shale, Gark 
purplish Fed and light green" with cnert pebbles, some with§ur­
faces decayed. As the chert is unstained, and for other reasons, 
the pebbles are held to occur in distinct beds and not sporadically . • 

The samples between this shale and the clean dolomite at 1360 
feet show much intermingling of material. From 1135 feet~ the 

. base of the shale referred to, to 1161 feet, the samples consist of 
shale, water-worn and probably largely due to . caving. chert, 
quartz sand and dolomite. It is assumed that the drill here was 
working in a conglomerate of pebbles of chert and dolomite set in 
a sandstone matrix, perhaps with seams of shale. But we can 
not be sur~ that in part the drill was not working in dolomite and 
that the presence of shale, chert, and sand is not due to extensive 
caving. From 1161 to 1173 feet, a 12 foot bed of light blue-green 
shale isrepresented .by a fairly clean sample. 

The samples from 1173 to 1260 feet are heterogeneous, com­
posed of the 'same ingredients as ar,e those taken to represent the 
conglomerate above. They are given the same interpretation. ' 

From 1260 to 1360 feet the .samples continue heterogeneous 
and ambiguous, 'It is to be suppos~d that the casing bedded at 
1256 feet cut off all caving' from above: If,;-then, all the materials 
of the samples ' are native it may be assumed that the drill 'wa's 
still working in conglomerate. ' The presence of sandstone, here' 
in chips, shows that the matrix of the 'conglomerate was more 
indurated than 'that at higher levels. However, the possibility. 
is not to) be excluded from consideration that sandstone and'dolo­
mite were supplied froni bedded layers instead of from matrii 
anq included p~bbles. . The expl:~l.I~atiQn of shale in . the samDI~S' 
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below the footing of the casing offered by ·the drilling firm is 
"that after the 8 inch pipe was set at 1256 feet depth several 
streaks of shale weren't counted and did cave a little, thereby 
causing these shale cavings to appear in these samples." 

The upper limit of the Franconia is drawn where the siliceous 
dolomites of the Trempealeau give place to minutely quartzose 
glauconitic sandstones. The Franconia is less argillaceous than 
in many localities. The base is difficult to define. A gradual in­
crease in coarseness of grain is shown as the Dresbach is ap­
proached. The sandstone from 1530 to 1540 is included on ac- · 
count of the dolomite present, and the sandstone from 1540 to 
1545 is placed with the Dresbach, although glauconite is a con­
stituent. 

Mineral Content of City W ei!, De Witt* 

P.P.M. 
Bicarbonate ....................... _ ........... , ................................... 336.7 
Chloride.. ............................................................................ 39. 
Sulfate ............................................................................... , 37.0 
Silica ............................................................................. _... 34.2 
F e,O.+Al,O • ... _ .......... _ ............. 0......................................... 4.2 
Calcium .............................................................................. 92.2 
Magnesium ..................................................... _................. 33.5 
Na + K as Na ................................................................ 21.4 

Total solids ................................................................ 429.8 

DEXTER, DALLAS COUNTY 
(Altitude 1148 f eet ) 

The well of this city was started July 10, 1928, and finished 
December 10, 1928. It is specially noteworthy from the fact that 
an ahun,dance of water was found at a moderate depth in an area 
where, as at Stuart, the deepest wells in the state are necessary 
to tap the dependable water beds. The Dexter well is 1245 feet 
deep and does not reach the Ordovician. Water was found in 
strata which apparently belong to the upper beds of the Silurian. · 
The diameters of the well are from 16 to 8 inches. The well is 
cased throughout. VV' ater was found at 1240 feet in limestone 
and yielded under test of 36 hours 200 g.p.m. with a draw down 
of but 15 feet. The static level is 242 feet helow the curb, or 
about 902 feet above sea level. The static level of the St. Peter 

* Analysis by Dr. H arry F . Lewis, Chemical Laboratory, Cornell College, Mount Vernon, 1927. 
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water at Stuart, we may state for comparison, was found to be 
325 feet below the curb, or aboilt 880 feet above se~ level, while 
the static level of the deeper water beds was 20 feet lower. The 
well was drilled by the Thorpe Bros. Well Co .. of Des Moines. It 
cost over $12,009 and pumping equipment will cost about $3000 
additional. ' . 

Driller's log 

DEPTH IN FEET 

Yellow clay .......... ,....................... 0-20 
Yellow clay aJld gravel.............. 20-40 
Blue clay...................................... 40-190 
Red shale ................................. _. 190-210 
Brown shale .... : .......... _............... 210-265 
Blue and red shale ....... _ ... ,....... 265-285 
Gray shale .................................... 285-335 
Blue shale ....................... _........... 335-355 
Black shale ................. _ ............... 355-498 
Blue shale ............................... _. 498-520 
Shale and lime rock .................. 520-565 
Lime rock ......................... _ ......... 565-670 

D EPTH IN FEET 

Shale ............... __ ......................... 670-680 
Lime rock .......... .'......................... 680-820 
Shale ............................................ 820-826 
Lime rock ......... _ ......................... 826-1015 
Shale ................................... _ ....... 1015-1060 
Lime rock .................................... 1060-1140 
Sand rock, some water ..... .:_ ..... 1140-1160 
Shale ............................................ 1160-1166 
Lime rock and shale .................. 1166-1240 
Lime rock, broken, took cut· . 

tings, water ............ _ .......... 1240-1245 

Record of strata, Dexter City well 

DEPTH, FEET 

Pleistocene and Pennsylvanian (680 feet thick; top 1144 feet above Sea 
level) : . 

No samples, see log ..................................................................... _................... 0-680 
Mississippian (370 feet thick; top 464 feet above sea level) : 

No samples, see log ........... _ ................................ _ ........................................... 680-700 
Limestone, drab and brownish, argillaceous, rapid effervescence in 

cold dilute HCI; gray and brown chert and whitish chalcedony; 
some clear quartz in fine irregular grains; much drab and black· 
ish shale ...................................................................................................... 700-710 

Limestone, gray and brown, argillaceous, moderately rapid efferves· 
cence; gray chert; 2 samples ..................... _ .................................. _ ... :. 710-730 

. Limestone, gray, fine crystalline· granular, rapid effervescence; much 
gray chert ............................................................................. _ ..................... 730-740 

Limestone, gray, argillaceous, moderately rapid effervescence; much 
gray and brownish chert ................. _ ............................ _ .......... _ .............. 740-750 

. Chert, gray and brownish, chalcedonic silica; limestone, gray; 2 sam· 
pIes ......................................................... _ .................... _ ........ _................... 750-770 

Limestone, gray, earthy, argillaceous, moderately rapid effervescence; 
gray and brownish chert and conspicuous white chalcedonic silica; 
2 samples ................. _ ....... :......................................................................... 770-790 

Limestone, yellow·gray and gray, rapid and moderately rapid efferves· 
cence; gray chert, some mottled; 3 samples ........................................ 790-820 

Limestone, gray and yellow· gray, mottled, soft, macrocrystalline'earthy, 
in large :flakes, rapid effervescence; some chert ............... _._ ............ 820-830 

Ohert, light gray and gray, some limestone and whitish chalcedony; 
3 samples ............... _ .... _ ........ : ..................................................... _............. 830-860 

Limestone, gray, moderately rapid effervescence ......... _ ............ _ ............... 860-870 
Chert, gray; some gray limestone ...................... , ...................................... _... 870-880 
Limestone, gray and yellow· gray, rapid effervescence; a little gray 

chert and chalcedony at 880; 2 .samples ......................... __ ........ _....... 880-900 
Chert; whitish chalcedony; gray limestone ................................... _ ........... 900-910 
Limestone, light yellow· gray, oolitic, rapid effervescence; 4 samples ...... 910-960 



178 DEEP WELLS OF IOWA 

Limestone, yellow·gray. and brown, moderately . rapid effervesc~nce, ;fine ' 
crystalline· granular ... ___ ._ ... ___ .. ___ .. _______________ .'------.... ---.... ---_ .. ______ .. : .. __ .. _ .. _ 960-970 

Limestone, light and 'darl!; gray mottled, soft, in ,large flakes, macro· 
!lrystallin'l, encrinital, rapid effervescence _ .. __ .. ______ .. __ : .. _.-________ ... _, ______ 970-980 

Limestone, drab, rather slow; whitish and gray chert ...... ___ .. _~ __ ........ ___ ___ 980-990 
Limestone, gray, fine crystalline· granular, rather slow effervesctlnce .... 990-1000 
Shale (Kinderhook) light blue, in concreted masses, calcareous .... __ .. __ .. 1000-1010 
Limestone, buff, rapid effervescence, in fine sand .... ____ .... ______ -. .. __ ...... _____ .... 1010-1020: 
Shale, light blue·gray, in chips ,strongly calcareous .. ___ ______ .... _ ... ___ .... ___ 1020-1030 
No samples. "shale" in log _ .. _ .... __ ....... ____ .... ___ .. __ .... ___ .. ______ .. ____ .. _____ .. ___ .. __ 1030-1050 

Devonian (150 feet thick; top 94 feet above sea level) : 
Limestone, gray, fine crystalline:granular and calcilutite, rapid ef· 

fervescence; 4 samples .. ___ .. _ .. ________ .... _ .. ____ ...... _ .. ___ .. ____ : ______ .. ____ .. _ ...... _ .. 1050-1090 
Limestone, light yellow· gray, fine texture, rapid effervescence .... ___ .. __ ___ 1090-1100 
Limestone, whitish, in fine sand, rapid effervescence; 2 samples .... __ .... ____ 1100-1J20 

. Limestone, light yellow· gray, somewhat rusted, rapid effervescence ~ .. ___ 1120-1130 
Limestone, light 'gray; rapid effervescen~!l .. ... , ________ .. __ ___ ____ ______ .... _, ___________ 1130-1140 
Shale, drab, calcareous, in tough conereted masses .... ____ __ :~ .... _ .. _____ .. __ .. __ 1140-1150 
Lim~stone, gray, rapid effervescence, some large chips of laminated 

light brownish calcilutite; much powder of shale _ ...... ____________ .... _______ 1150-1160 
Limestone, light yellow· gray and dark gray, rapid effervescence.. .... _ .. ____ .. 1160-1170 
.Dolomite, buff and brown .. ____ .... ___ .... __ .. _ .. _______ .. __ .. _____ .. ___ .. _____ .. ___ .... __ ...... _ .. _:1170-1180 
Dolomite, yellow· gray, rather slow effervescence .... ___ .... _ ........ _ .. _ .. _ .... _______ 1180-1190 
Dolomite; light yellow· gray, earthy, soft, rather slow effervescence .. , __ _ 1190-1200 

Silurian (penetrated 45 feet; top 56 feet below sea level) : 
Shale, light blue·gray, in concreted masses inclosing chips of gray dolo· 

mite .. _ .. _ .. __ ...... ___ ___ .. ________ .. _ .. ___ .. __ .. _______ ___ __ __ .. _ .. _____ .. _ .. ___ .... ___ .. ___ .... __ .... ________ 1200-121 0 . 
Dolomite, gray and greenish gray, :fine crystalline· granular _ .. _ .... :_ .. _ ...... 1210-1220 
Shale, very light gray or whitish, quartzose; some minute grains . of 
. quartz sand; chips of light gray dolomite_: ________ .. _______ .. ___ .... __ .... ____ .. __ 1220-1230 
No samples .. __ .... ____ .. __ : .. _____ .. ____ .. _ .. __ : ___ __ .. _ .. ______ .... __ ----.. -__ .. __ __ ___ .. __________ .. ___ .. ______ 1230-1245 

N otes;:"""'The upper strata assigned to the Mississippian are 
characteristic in the~r cherty argillaceous limestones a.nd beds of 

. cherts, and in the presence of chalcedonic' silica. There is con­
siderable shale in the samples, in part blackish and red or pink 
and evidently fallen from above, in part gray and less clayey 
and very possibly from layers in which the drill was working. 

Equally characteristic of the lower strata of the Mississippian 
are the oolitic limestones beginning at 910 feet. The shales be­
. ginning at 1000 feet are taken to be Kinderhook. 

The beds assigned to the Devonian are characteristic lime­
stones of rapid effervescence including calcilutites, with some 
_dolomitic beds at base which pe'rhaps should go tothe Silurian. 

The shales at 1200 feet are taken to mark the top of the Silur­
ian and may be compared with the gypseous shales and lime­
stones of the Silurian at Stuart, although at Dexter they ca:rry 
no gypsum. With these assignments of the Kinderhook and the 
Silurian, the Devonian at both Stuart and .Dexter is gIven a 
thickness of about 150 feet. 
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The towns of Dexter, and Stuart are less than six miles aP!lrt, 
.so that the geologic sections 9f their10gs should be' closely paral-
l~. ' . 

No samples of the cuttings of the Stuart well were saved above 
1185 feet, and for this distance the samples at :Dexter may be 
used for the in.terpretation and reinterpretation of the Stua,rt 
log, remembering that the town of Stuart is 61 fe,et higher than 
Dexter. 

In the light of the Dexter cuttings; .the "shale, light colored, . . 
calcareous ~, of the Stuart log from 765 to 815 feet marY well be ' 
Mississippian instead 'of Pennsylvanian as assigned (p. 333), al­
though the Mississippian floor on which the Pennsylvanian was 
laid is known to be one of rather large relief. 

The shales referred to the Kinderhook at both De.xter and 
Stuart are about 50 feet thick, and as stated an equally close 
agreement is obtained for the Devonian. However, the top of the 
Kinderhook at iDexter is 144 feet above sea level, while at Stuart 
it is. but 28 feet above the same datum. The Same difference in 
level is found .at top of the Silurian. 

DONNELLSON, LEE COUNTY 
(Altitude 70S fect) , 

A deep well was drilled for this town in 1925 by J. M. Schlich­
er, whO' furnished the facts given together with ' samples of the 
cuttings . . The depth is 1095 feet, the diameters are 814, 7%, 6 and 
4lh inches. The chief wat'er bed is the Saint Peter sandstone. 
Water was found also at 136 feet in Mississippian sandstone and 
at 72Q feet in Silurian or Devonian limestone. The lower 50 
feet of the Galena and Platteville limestones are also water bear­
mg. 

The water struck at 720 feet had a static level of 150 feet be­
low the curb. At 990 feet water began to rise in the ' drill hole, 
and the water from the Saint Peter sandstone lifted the level to 
80 feet below the surface of the,ground. 
. The well is cased with 8% inch casing to 67 feet, 6 inch to 285 . 

. feet, and 4% inch to 708 feet. 
, The discharge is equal to the capacity of the pump, viz. 80 gal-

I' , 

• 
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Ions per minute. This drill hole was put down in an old well 275 
feet deep, at a cost of $3226. . The ~asing cost $1137 in addition .. 

. 
Chemical analysis 

PRD;BABLE COMBINATIONS GRAINS PER U. S. GALLON 

Silica ................................................................ 0.607 
Oxides · of iron and aluminum ...................... 0.186 
Calcium carbonate .......... :............................... 2.350 
Calcium sulphate ............................................ 54.783 
Magnesium carbonate .............................. :..... 18.880 
Sodium and potassium sulphate .................... 33.099 
Sodium and potassium chlorides .................. 1.020 

Total solids ............................................ .. 110.960 

Record of Strata 
DEPTH IN FEET 

Pleistocene and Recent (67 feet thick; top '696 feet above sea leyel): 
" Clay" ............................. , ................................ : .. _............................................... 0-61 
"Sand" .................................................................................................................. 61-6,7 

Mississippian: . 
Meramec and Keokuk (208 feet thick; top 629 feet above sea level)-

"Limestone" ....................................................................................... :........ 67-136 
" Sandstone" ....................................................... _ ....................................... 136-138 
, , Limestone" ............................................. _ ............................... ,.................. 138-150 
"Shale, blue" ............................................................... , .............................. 150-'-275 

Burlington group (93 f eet thick; top 421 feet above sea level.) -
Limestone, whitish, macf.()crystal1ine, soft, in large flakes ............. :. 275-290 
Limestone, wMtish, crystalline· earthy ; much blue· gray chert and 

chalcedonic silica .............................................................................. 306 
Ch~rt; earthy whitish limestone; some gray shale ............................ 320 
Chert, blue· gray ....... :................................................................................. 330 
Limest?ne, ~hitish and blue·gray, macro crystalline· earthy, in large 

thin Ch,lPS ............................................................................................. 348, 360 
Kinderhook shale (325 feet thick; top 328 feet above sea level)-

Shale, greenish and blue, calcareous, in concreted masses ................ 368, 380 
Sandstone, gray, argillaceous, slightly calcareous, grains largely 

microscopic, in small chips ............................................................ 392,400 
Shale, bluish, in concreted masses .... :................................................... 408 
Sandstone, as at 392 ............................................................... _ ............... 419,430 
Shale, bluish, in concreted masses ................... _..................................... 440 
Shale, blue· gray, calcareous, highly quartzose .................................... 448, 460 
Shale, blue, in concreted masses; 6 samples ................................. _ ..... 465-515 
Shale, brownish drab, burns white with slight empyreumatic odor 520 
Shale, drab, fissile .............. : .......................................... _........................... 530 
Shale, blue· gray ........................................................................................ 540 
Shale, drab ................................................................................................ 550· 
Shale, blue; 10 samples ............................................................................ 560-650 
Shale, brownish drab, with pyrite ........................................................ 660 
Shale., blue·gray ........................................................................................ 670-680 

Devonian (and Silurian ') (140 feet thick; top 3 feet above sea level) : 
Limestone, blue· gray, highly argillaceous and arenaceous, grains minute, 

ill·rounded, in chips .................. : .......... ~............................ .................. ... 693 
Limestone, as above, somewhat arenaceous; pyrite .................................... 700 
Limestone, yellow· gray, brisk effervescence il'l cold dilute RCl, in :fine 

sand .............................................................................................................. '711 
Shale, blue, in chips; some limestone ............................................................ 720 
Limestone, blue, argillaceous, soft, crystalline· earthy, rapid efferves· 

cence, in small flakes ................................................................................ 730,740 
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Limestone, blue·gray, calcilutite, laminated, some surfaces of laminre 
dark brown, effervescence rapid; in :flaky chips, with powder of blue 

181 

shale .......................................... : .. ; ......................... _ .................. :................ 7.45 
Limestone, as above, yellow·gray, but with no brown surface films ...... 750, 760 
Limestone, blue·gray, calcilutite, some dark and irregularly surfaced 

laminre, reaction rapid, some chocolate brown shale ............................ 770,780 
Limestone, mottled brown·gray, in thin' :flakes, rapid response, fossilifer· 

ous, crystalline·earthy, some dark surfaces as above .......................... 790 
Limestone, light yellow·gray, fine·grained, rapid reaction; 4 samples ...... 800·830 

.f Ordovician: . 
Maquoketa shale (5 feet thick, top 137 feet oelow sea level)-

Shale, light green· gray and blue·gray, fissile, somewhat calcareous, 
in chips and concreted masses ........................................................ 833-838 

Galena and PlattevilIe (202 feet tlti.ck; top 142 feet below sea.1evel)-
Dolomite, gray, crystalline, in small chips .......................................... 840, 850 
Dolomite, light buff and gray in crystalline sand; 14 samples ........ 860-990 
Dolomite, as above, with brown :flint ...................................................... 996,1000 
Dolomite, or magnesian limestone, buff and light brown, in .crystal· 

. line sand and small chips, not so slow effervescence as LeClaire ' 
dolomite; 3 samples .......................................................................... 1010-1030 

Saint Peter sandstone (55 feet thick; top 344 feet below sea level)-
Dolomite, buff, ' highly arenaceous, with imbedded grains fine, 

moderately. well rounded, some showing secondary enlarg~· 
ments ............................................. _..................................................... .1040 

Sandstone, light yellow in mass, grains as above but without sec· 
. ondary enlargements, wide range in size; a little buff dolomite 1050 
Sandstone, as above, clean, larger grains up to 0.7 mm. in 'diam· 

eter; 4. samples .................................................................................. 1060'-1090 
Prairie du Chien (Shakopee dolomite, entered. at 399 feet below sea (' 

level)- '. 1095 

N otes.-The Kinderhook shales are present at Donnellson in 
.great force) as at Burlington, Fort Madison and Mount Clara . 
. Th~ir summit shows a fall of 141 feet from Mount Pleasant, and 
of 247 feet from Burlington, and a continued fall to Keokuk of 50 
,feet, while it is about the same level as the top of the Kinderhook 
at Fort Madison. 

The laminated calcilutite limestones with dark surfaces struck 
at 745 feet are of a rather rare type, and at once suggest the Otis 

. 'horizon 'of the Wapsipinicon stage of the Devonian. 
The shale at 833 feet is assigned to the Maquoketa with much 

uncertainty although its position is that of the shale, also thin, ' 
placed with the Maquoketa at Fort Madison, and that of the much 
'thicker shales of the same stratigraphicai position at Burlington 
and Mount Pleasant. . 

The Galena-Platteville has its usual facies, but the bas'al shale 
.which ·so commonly rests upon the Saint Peter san~stone is ab­
sent as ,at Mount Pleasant and Keokuk. 

The sand~tone at 1040 feet is assigned with considerable confi­
dence to the Saint Peter, as it agrees closely in position with the 
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sandstones referred to that formation in the deep well sections of 
southeastern Iowa. On a cross section from Burlington to Bar­
ing, Missouri, the gradient of ,the Saint Peter intersects at Don­
nellson the location of the. sandstone in question. Lithologically, 
howeve.r, it departs somewhat fr?m-type . 

. D~UQUE 
(Altitude .608 feet) 

The city of Dubuque has long been one of the best developed 
local arte.sian fields of Iowa. In 1912 nineteen artesian wells 
'were in service including four belonging to. the city, while one 
had been abandoned. Since that "date twelve deep wells have 
'been drilled within the city limits. In 1910 our knowledge of the 
geologic section at Dubuque and therefore 'of artesian conditions 
was very incomplete. N ow it is fairly adequate, through the 
,careful efforts of Mr. C. vV. Varnet, artesian well contractor, who , 
'has preserved samples of the cuttings of several recent wells. 
'The wells drilled since the compilation of the report on the Un-
. derground Water Resources of Iowa are as follows: , 

The well of the' Fisher Ice Company, drilled in 1912, is 1325 
fee~ deep . . 

The well of Swift and . Company, drilled in 1922 by V. Garvey 
of Dubuque, is 1335 feet deep, with a diameter of 8 inches. It de-
'livers 54 gallons per minute. . . 

. The well of the T. J . Mulgrew Ice Compariy, .drilled in 1922, is 
900 feet deep, discharges 300 gallons per minute and maintains a 
static level of 4 feet abov.e the curb. 

The Sanitary Milk Company's well, drilled in 1925 by C. W . . 
Varner of Dubuque, is 515 feet deep, diameter 8 inches, discharge 
150 gallons per minute, and head 12 feet below the curb. 

The Consumers' Ice Company's well, drilled in 1925· by C. W. 
Varner, is 1300 feet deep and discharges 225 gallons per minute. 
A 10 inch drive pipe extends to 165 feet, below which the well is 
~ncas.ed with these diameters : 1Q inches to 414 feet, 8 inches to 
·5_03 feet, and 6 inches to the bottom. 

The Farley and Loetscper Company's well, completed in 1926 
by C. W. Varner, is 1438 feet deep, diameters: 12 inches to 500 

' f~et, ~6 lnche's to 1925 fe~t, 8' inches to bottom. Twelve inch cas-
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ing extends to 193 feet. ,Th.e discharge.is from 700 to 800 gallon~ 
per minute wherrpumped down to. 28 feet below the ,curb. 

The follow~ng water levels were ,recorded as the well was 
drilled, -showing the increase of height o.f head with depth~ 

DEPTH OF WELL DEPTH OF STATIC LEVEL 
IN FEET BELOW CURB IN FEET 

340 .~ ......................................... :........................ 28 ' 
390 ................... " .......................................... c..... 22 
525 .................................................... ,............... 18 

" . 800 ................. :.: ...... ; ................ ::....................... 13lh 
1380 ........ : .... r ........................ ,............................ 3 
1400 ..................... :, ................. , ....... ,................... flowe(l. 

As the ',height of the water did not incr"ease between 1180 'and 
1280 fMt the driller considers these beds dry. ' 

Wells have also. been drilled for the Iowa Dairy Company, the 
A. Y 'McDQnald Mfg. Company and the Brunswick Balke CQI­
lander Company, but no. information regarding them can be' ob-
tained." · ' , 
. ' Since 1910 the city has added three deep wells to. its Eagle 
Point eqUipment, making five deep wells now in service there. ' 
. ' Wells nQ~.'3 and 4: wete d~illed in 1919, depths 1460 and 1458 
feet. Their diameters are each fiom'12 to 6 inches. Number 4 is 
cased, with 12 Inch 'casing to 136 feet, 10 inch 374 to. 430 feet, 8 
inch 550 to. 593, and 6 inch 868 to 968 feet. ' Their static level is 
estimated at about 658 feet. 

Well rio.. 5, drilled in 1924 by C. W. Varner, is 1500 feet deep, 
diameters 16 'to 10 inches with 16'i'nch casIng to 130 feet to shut 
out alluvial sands and 125 feet Qf 12 inch casing to protect from 
caving shales which occur in places ' between 390 and 445 feet. 
The location of water beds is indicated by the variations in static 
level ana. discharge as the drilling progressed. 

At 420 feet, Jordan , sandstone, water raised 2 or 3 feet. 
At 550 feet, Trempealeau dolomite, water raised 7 or 8 feet. 
At' 700 feet, Dresbaoh sandstone, water raised within 8 feet of surface. 
At 780 feet, Dresbach sandstone, water started to overflow. , 
At 1165 feet, Mount Simon sandstone, flow of 154 gallons per minute. 

, At 1350 feet, Mount Simon sandstone, flow of 240 gailons per minute. 
At 1500 feet, Mount Simon sandstol),e, flow ,of 267 gallons per minute. 

The average' daily cQnsumptiQn Qf the city Qf Dubuque, from 
, the public supply is 3,000,000 gallons. The pumping capacity of 

the five artesian wells at ]jagle Point under air lift Qf 128 feet is 

" 
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about 6,500,000 gallons and shallow sand wells can supply an ad­
ditional1,500,000 gallons. ,The water is pumped by electricity to 
a high level reservoir whose capacity is 7,500,000 gallons and a 
very low rate is obtained, as the pumping is done at off-peak per-
iods except in emergencies. . . 

Static level.-With the drilling of an increasing number -of 
deep wells and the installation of powerful pumps, the static level 
has progressively lowered. The deeper wells drilled ~n the '80s 
and early '90s had a static level of more than 700 feet above tide. 
(Butchers' Association well, 1887, head 740 feet. Linwood ceme­
tery well no. 2, 1891, 742 feet.) In 1908 the head of the Dubuque 
wells had generally sunk to levels not exceeding 625 feet. The 
initial head of the city wells at Eagle Point (1899) was reported 
at 649 feet and the measurement of the head of well no. 5 indicates 
that that head is still maintained. This is particularly gratifying 
in view of the large decline from .the earliest levels to those of 
1908 and especially in view of the large loss from disused wells. 
Yet the recommendations of our report of 1912 must be repeated 
with emphasis. Wells in this area should be kept effectively 
cased wherever permeable upper beds allow the lateral escape of 
the waters rising under high pressure from the deeper aquifers, . 
and disused wells should be plugged above the Dresbach sand­
stone, i. e. in the Franconia or the Trempealeau beds of the Saint 
Lawrence. 

Little information is obtainable as to the present condition of 
the Dubuque wells. Seven wells have been abandorted since 1912 
for various reasons, among them the cheapness of the city water 
as compared with the cost of pumping: These wells are 'the two 
wells 'of Linwood ceme'tery and those of the Cushing factory, the 
Consumer's Steam Heating Company, Schmidt's brewery, and 
the wells of the city at 6th Avenue and at 8th Street. 

Iri part the loss of head and of discharge has been due to leak­
age owing to defective casing rather than to any general over­
draft. Thus the well of James Beach and Sons, 940 feet deep, 
with an initial head (1897) of 34.5 feet a.bove the curb, now heads 
below curb owing to defective casing. In 1925 the well of the 
Bank and Insurance Building was repaired by C. W. Varner, the 
pumping capacity was increased 35 per cent, to 150 gallons per 
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minute, and the initial head of 1894, 648 feet above tide, was re­
stored. 

B"ecord of Strata in City well no. 5, Dubuque 

DEPTH IN FEET 

Pleistocene and Recent (118 feet thick; top 625 feet above sea level) : 
Sand, alluvial, brown and buff; 4 samples .... ____________________________________________ _ 
Sand, reddish, fine, with clay, in friable masses ______ __________________ ___________ . __ _ 
Sand, brown, coarser, with clay ____________________________________________________________________ _ 
Clay, light buff _____ . _______________ _________________ _______ • ____________________________________ . _____________ _ 

10-60 
60-75 
75-90 
90-103 

Sand, buff, coarse, of' rocks of the drift, much of yellow chert and dolo-
mite .-r---------------------------------------------------_______________________________ _______ ~ ____ . _________ 103-118 

Saint Peter sandstone (139 feet thick; top 507 feet above sea level): 
Sandstone, grains .of clear quartz, well rounded, moderately fine, with some chips of yellow chert _____ _______________________________ ___ : ____________ __ ______ _______ __ 118-127 

Sandstone, white, light yellow-gray and buff, rounded grains; 9 sam-
ples, all in loose sand ____ _____________ ______ , _____________________________________________________ 127-249 

Sandstone, yellow, fine, not friable, and red, friable, both in chips ________ 250-257 
Prairie du Chien (Oneota dolomite, 93 feet thick; top 368 feet above sea 

level) : . 
Shale, dark red, hard; and dolomite, light gray, both in chips _: ________________ 257-260 
Dolomite, light gray, with some red shale and green shale ______ ________________ 260-265 
Dolomite, light gray, small residue of minute quartz particles and grains . _____________________ ___________ : _____________________________________________________________ _______ : __ 265-280 
Sandstone, fine, with some chips of dolomite and red shale ____ . ___ ___________ . 293 
Dolomite, light brownish gray _________________ _____ _________ , _____________________ . __ ... ____________ 293-308 
Dolomite, gray, p~kish chert, considerable quartz sand ____________________________ 308-315 
Dolomite, gray __________________________________ ______ :_________________________________________________________ 315-325 
Dolomite, gray, some highly arenaceous, with much gray chert _____________ 325-340 

Cambrian: 
Jordan sandstone (95 feet thick; top 275 feet above sea level)-

Sandstone, buff, hard, in chips . ____________________________________________________________ _ 350 
Sandstone, fine, light reddish, larger grains well rounded, in loose sand ______________________________________________________________________________________________________ 363 
Chert, white, large chips stained pinkish ________________ ________ __________ .___________ 370 
Chert, with much red shale, in small chips ____________________________________ . _____ 385-388 . 
Dolomite, highly arenaceous with thickly imbedded grains, in large chips ____________________________________________________________________________________________________ 388-395 
Sandstone, fine, pinkish from surface stains __ ____ __________________________________ 395-405 
Sandstone, yellow, moderately coarse ____________________________________________________ 407-415 
Sandstone, pinkish, fine; 2 samples __________ _______ __________ ______________________ _______ 415-445 

Saint Lawrence (Trempealeau dolomite, 120 feet thick; top 180 feet 
above sea level)-
Dolomite, gray and brown; 7 samples _______ ______ ______ _____________________________ 445-550 
Dolomite, purplish brown, arenaceous ___________________ : ______________________________ 560-565 

Saint Lawrence (Franconia beds, 90 feet thick)-
~andstone, buff and reddish, fine grained, calciferous, glauconitic, 

in chips; with shale, green, arenaceous, glauconitic ______ ____ ________ 565-580 
Sandstone, gray, of minute grains and particles, calciferous, argil-

. ~aceous, glauconitic, with some green shale, glauconitic and 
~nutely arenaceous; 4 samples ____________________________________________________ 580-640 

Sandstone, moderately coarse grains, with highly arena.ceous dolo-mite, glauconitic ___________________________________________________________ -"___________________ 640-655 

Dresbach sandstone (195 feet thick; top 30 feet below sea level)-
Sandstone, white and gray, of clean quartz sand, grains well 

rounded, frosted, maximum diameter about 1 mm.; 11 sam-ples __________________________ __________ ___ ___ __________________________________ ___________ ~________ _ ____ 655-850 

Eau Claire beds (100 feet thick; top 225 feet below sea level)­
Sandst0!1~' gr~y, very .fine . irregul~r grains, calciferous, glau-

comtlC, mIcaceous, III frIable ChIpS ______ . _______ . __________________________ . ____ 850-865 
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. Sarrdstone,iight, buff, fine ..... _ .. : .............. ~ ................ : ................ , ..........• 81;i5~880 
Shale, green·gray ......................................................................... _ ........... 880-8~5 
Sandstone, red, ,of minute angular grains, some dark red shale ........ 900-905 
Sandstone, buff, fine· grained .......................... , ....................................... 905-920 
Sandstone, reddish and buff, very fine irregular grains, slightly cal· ' 

ciferous, sparsely glauconitic, in small chips .............................. 920-935 
Sandstone, as above, with, a little white chert .................................... 935-950 

Mount Simon beds (penetrated 550 feet; top 130 feet below sea level)­
Sandstone, whitish, fine'grainl:'d, maximilln .up to 0.7 mm. in diam· 

eter, larger grains rounded (light pinkish at 980); 8 samples 950-1079 
Sandstone, buff, grains up tq 1 mm. diameter; 5 samples .............. ,.1079-1147 
Sandstone, reddish brown: cuttings, grains irregular, secondary en· 

. laTgements, heavily stained and cemented with .ferruginous 
material 'with some magnetic iron; 3 samples .................... , ....... 1147·1187 

Sandstone, cuttings blackish, coatings dissolve in hot HOI, leaving . 
sand white, larger grains. 'founded, some secondary .enlarge· 
ments, a little flint ............................. ~ .... ! .................................... 1187-1201 

Sandstone, light ,reddish buff, fine ............. :: ......................................... 1201-1214 
Sandstone, cuttings brown, much magnetic iron, a little flint, sec· 

ondary enlargement of grains, surface of some fragments of 
cemented grains smooth alid shining, as if developed in con· 
tact with surface of glass receptacle; 2 samples .................. : ...... 1214-1241 

Sandston~, buff, somewhat rusted, secondary enlargements; 2 sam· 
pies ................................................................... _ ................................. 1241-1270 

Sandstone, cuttings brown, heavily rusted, secpndaryenlargements .. 1270-1285 
Sandstone, buff, somewhat rusted, secondary enlargements, chips of 

sandstone of minute grains, argillaceous, well cemented at 1300 
feet; 4 samples .................................................... _ ........................... 1285-1335 

Sandstone, cuttings brown, deeply rusted, in detacheq. grains, some 
chips of well cemented sandstone of minute grains, and some 
mottled sandy shale ........................................................................... 1335-1350 

Sandstone, buff, moderately coarse, and chips of cream yellow frio 
able fine·grained sandstone with secondary enlargements ........ 1350-1355 

., Sandstone, light reddish buff .... : ............................................................. 1355-1370 
Sandstone, fine and very coarse, with some gravel of cleari quartz up 

to 6 mm. diameter, fine grains' show secondary enlargements .... 1375-1380 
Sandstone, light pinkish, fine'grained, many grains broken, crystal· 

line enlargements ............................................................................... 1390-1395 
Sandstone, light reddish brown, grains imperfectly rounded .......... 1405-1410 
Sandstone, fine, with chips of reddish argillaceous sandstone of 

very fine grain .................................................................................. 1410-1414 
Sandstone, light yellow.and light pink, grains ill'assorted, some up 

to 2 mm. diameter; 2 samples ........................................................ 1425-1445 
, Sandstone, reddish buff, fine; 3 samples .............................................. 1445-1490 ' 

Sandstone, pinkish, ill·assorted, grains up to 2.2 mm. diameter, some 
chips of unru~ted sandstone, light yellow, friable, imperfectly 
rounded ill sorted gr~ins .: .......... :..................................................... 1500 

Record of Strata in Farley and Loetscher's' well, 8th and White Streets, Dubuque 

Pleistocene and Recent (193 feet tbiek; top 639 feet above sea level) : 
~ I To bed rock" ................................... _ ........................................ _..................... 0-193 

Ordovician : . , 
Saint Peter sandstone (top 446 feet above sea level)- . . 

II Sandstone,- small amount; shale, 3 feet below sandstone" ............... . 
Prairie du Chien (270 feet thick; top 439 feet above sea level)­

Dolomite, light blue· gray, crystalline, rather soft in chips, with 
. some green shale ................ : ..... : ....................................................... 200-210 

II Limestone"; no samples .......................................................................... 210-260 
Dolomi~e, light blue· gray, hard, subcrystalline, white chert and 

some siliceous oolite, some with imbedded grains of quartz 
sand, some pyrite ..................... : ........................... : ............................ 260-270 



. 
STRATA OF DUBUQUE WELLS 187 

Dolomite, light ·gray, maCl'Ocrystalline, vesicular .: .............................. 300-310 
Chert, light gray, ~ome doloD:rite; -4 samples ........................................ 330-375 
Dolomite, gray, cherty; 2 samples .... , ................................................. :. 375-390 
Dolomite, gray: .......................................................................................... 3·90-400 

. Dolomite, gray, some sparse imbedded grains of quartz ............... , .... 400-410 
Dolomite, light yellow·gray; 2 samples ................................................. 410-450 
Dolomite, light yellow'gray, subcrystalline, cherty, arenaceous, in 

chip~ ......................................................... _ ....... : ................................. 450-460 
D'olomite, light yellow· gray, cuttings in sand, arenaceous .............. 460-470 

Cambrian: . 
Jordan sandstone (70 feet thick; top 169 feet above sea level)'--:' 

Sandstone, calciferous, light gray, in small chips and sand, grains 
Tounded; 2 samples ........................................................................... 470-520 

Sandstone, whitish, fine'grained, calciferous, argillaceous, secondary 
enlargements ...................................................................................... 520-530 

Marl, whitish, highly arenaceous, calcareous, argillaceous, quartz 
grains rounded, but some with secondary enlargements; · in 
friable concreted masses ............................................... _ ................. 530-540 

Saint Lawrence (Trempealeau dolomite, 60 feet thick;' top 99 fe~t 
above sea level)- . 
Dolomite, light yellow· gray and brown, nne crystalline granular; • 

6 samples ... _ ........................................................................................ 540-600 
SaInt Lawrence (Franconi;t beds, 160 feet thick; top 39 feet above 

sea level)-
Marl, pink, calciferous, and red, argillaceous, highly arenaceous, 

glauconitic; grains of quartz sand nne and ill·rounded with 
much material of angular quartz particles, in friable concreted 
masses; 6 samples ............................................................................ 600-660 

Marl, as above, green, highly glauconitic ............................................ 660-670 
Shale, gray and greenish and brown, calcareous, glauconitic and 

highly arenaceous, in hard concreted masses; 5 samples .......... 670-720 
Shale, red, calcareous and highly arenaceous ........... _......................... 720-730 
Sandstone, gray and yellow, calciferous, argillaceous, glauconitic, 

rounded grains up to 1 mm. diameter; 2 samples ...................... 740-760 
Dresbach sandstone (180 feet thick; top 121 feet below sea level)­

Sandstone, light yellow and white, clean, grains up to 1 mm. diam· 
eter; 2 samples .................................................................................. 760-790 

Sandstone, light yellow, in chips and sand, a few chips of drab 
arenaceous dolomite .......................................................................... 790-800 

Sandstone, light yellow and white, in clean quartz sand, grains 
well rounded, very diverse ' in size up to 1 mm. diameter; 
10 samples ..... :.................................................................................... 800-900 

Sandstone, gray, in cj:lips, very firie of grain, some argillaceous and 
calciferous, with much coarse whitish sand ................................ 900-910 

Eau Claire beds (100 feet thick; top 301 feet below sea level)-
Shale, blue, noncalcareous, in concreted masses, with considerable 

" buff quartz sand and chips of nne calciferous, glauconitic sand· 
stone; 2 samples .................................................................................. 940-960 " 

Sandstone, yellow· gray, in 'Chips, some large and thin, fuie·grained 970-980 . 
Sandstone, gray, in sand, nne· grained .................................................. 980-990 
Sandstone, red, argillaceous, calciferous, grains minute, in friable 

concreted masses; 2 samples .......................... _ .............................. 990-1010 
Sandstone, buff, of minute grains and particles ................................ 1010-1020 
Sandstone, gray, glauconitic, some grains rounded, some with 

secondary enlargements, some pink and yellow .......................... 1020-1030 
Mount Simon beds (penetrated 398 feet; top 401 feet below sea level)-

. Sandstone, light buff, rounded grains up to 0.8 and 1 mm. in 
diameter, many rusted; 3 samples ..... : ............... _: ....... ; ............... 1040-1070 

Sandstone, buff, grains' much rusted, coarser than above, some 
. chips of blue·gray calciferous sandstone ...................................... 1070-1080 

Sandstone, as at 1040 ............................................................... : ..... , ........ 1080-1090 . 
Sandstone, as at 1070 ................................................................................ 1090-1100 
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Sandstone, light yellow, white and red, grains rounded, largest 
up to 0.8 mm. or less, at 1220 ,feet up to 2 mm. diameter, deeply 
rusted at 1100; 24 samples ................................... _ ........ _ ........ ; ...... 1110-1350 

Shale, red, in hard (loncreted mass .......................................................... 1350-1355 
Sandstone, as at 1100; 8 samples .......................................................... 1355-1438 

Record of strata in well of the Consumer's Ice Company 

DEPTH IN FEET 
Pleistocene and Recent: 

Sandy clay and humus .................................................................................... , 12-15 
Rivell sand, gray, moderately fine, fragments of shells :............................. 15-30 
Gravel and co,!-rse sand, up to 1 %, inches diameter .................................... , 30-45 
Clay, red, plastic ................................................... _......................................... 45 
sand, yellow ...................................................................................................... 75-105 
Clay, draq, sandy .. , ........................................................................................... 145-165 

Prairie du Chien: 
Dolomite, light yellow·gray, arenaceous, cherty; 3 samples .................... 170-195 
Chert, white, and dolomite, whitish .......................................................... ~ ... 345-?60 
Dolomite, yellow· gray, oolitic ........................................................................ 400-450 

Jordan: ' 
Sandstone, well rounded grains, calciferous, in chips .............................. 450-470 
Sandstone, light buff, fine, calciferous ............................................................ 500-525 

Saint Lawrence (Trempealeau dolomite): 
Dolomite, light yellow·gray, ' in chips, considerable quartz sand in 

cuttings ........................................................................................................ 525-540 
Dolomite, light buff and pink; 3 samples .................................................... 540-620 

Saint Lawrence (Franconia beds) : ' 
Sandstone, red, in powder and concreted f,riable masses, grains minute, 

argillaceous, calciferous, with some glauconite; some chips of pink 
dolomite ..................................................... _ ............................................... 620-650 

Sandstone, drab and red, as above, no dolomite chips .............................. '650-690 
Sandstone, bluish, as at 650 ............................................................................. 690-730 

Dresbach sandstone : 
Sandstone, white, in clean loose 'sand, grains rounded, maximum diam· 

eter 1 mm.; 9 samples ... _....................................................................... 730-930 
Eau Claire sandstone: 

Sandstone, drab, argillaceous, of fine quartz particles, glauconiferous; 
some blue shale; some loose rounded grains of quartz; 2 samples .. 930-970 

Sandstone, light pink, clean, of fine grains .................................................. 970-1000 
Mount Simon sandstone: 

Sandstone, buff, rather coarse, rounded grains .......................................... 1235 
Sandstone, white and buff (rusted), grains up to 1.2 =. at 1255 feet, 

rounded; 3 samples ....................................................... _ ......................... 1235-1300 

N ot;es.-The three wells whose logs are given above are sunk 
in the fill of an ancient channel of Mississippi river", Its maximum 
depth as here disclosed is about 160 feet below the present water 
surface. It will be noted that the fill consists of river deposits 
only-no glacial till is present. 

'By this ancient erosion channel, the Galena .and Platteville 
ljplestones are entirely cut away, and the Saint Peter also in the 
Ice Company's well; while only a trace remains in the well at 
8th and White Streets. In the Eagle Point well, the Saint Peter 
is 139 feet thick. Here the ancient channel is more shallow, and 
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the highly irregular bed of the sandstone descends 70 feet bel9w 
its level at Eighth and White Streets. In the well at Schmidt 
Brewery49 the the Saint Peter was struck at about its level in the 
Eagle Point city wells, and was found to be overlain by 66 feet 
of limestone and dolomite of the Platteville, while the base of the 
sandstone was approximately at the same level as in the Eighth 
and White Streets well. 

In the Eagle Point well the unconformity at the base of the 
Saint Peter cuts deep into the Prairie du Chien, leaving it here 
but 93 feet thick. 

It is of special interest that the Jordan sandstone, one of the 
chief aquifers of the Upper Mississippi artesian field, is here 
fine of grain, largely calciferous, and yields little or no water. 

The Saint Lawrence runs true to type, presenting first the body 
of dolomite, which the Wisconsin Geological Survey has called 
the Trempealeau, and second the body of shales and shaly sand­
stones of finest grain, in many instances glauconitic, dssignated 
by the same Survey as the Franconia. 

In strong contrast to these beds. is the clean, water-bearing 
Dresbach sandstone which underlies them. 

Until now the Iowa Cambrian beds -beneath the Dresbach have 
been undifferentiated, but we may. follow again the Wisconsin 
geologists in designating the beds present in the Dubuque wells 
as the Eau Claire and the Mount Simon. The' Eau Claire consists 
here of shaly sandstones and sandy shales overlying the clean 
sandstones of coarser grain of the Mount Simon. The same suc­
cession obtains widely in northeastern Iowa, in the well-sections 
of McGregor, Manchester, Anamosa, Clinton and Tipton, ap.d in 
southern Minnesota also. 

In City well no. 5 the cuttings from 11~7 to 1350 feet are deep­
ly rusted. Magnetic iron, doubtless from the drill, bespeaks 
special wear by some hard substance. The contractor reports 
especially slow drilling here and that more time was taken in 
drilling this distance' of 203 feet than in drilling all the remainder 
of the well. The steel bit became deeply grooved. The cuttings 
show little flint, and this brittle though hard substance rarely 
gives much trouble. Pyrite, the only other common hard mineral 

49 Iowa Geol. Survey, vol. XXI, p. , 384. 



. ' 

190 DEEP WELLS OF IOWA 

to be expected, is suggested by the .presence of iron oxide in large 
amount, 'since grains of iron sulphide,' especially if in the form of . 
marcasite, might be altered to limonite under the conditions which 
obtained, since the cuttings taken from the slush bucket were 
kept wet for months in glass jars. No pyrite is found now in the 
samples of the cuttings, but the blue print made by the engineer 
in charge records between the deptl).s mentioned "intermittent 
thin layers of iron pyrites imbedded in flint." 

It is the belief of the contractor, however, that some hard sub­
stance was struck which followed the tools down, grooving .the 
tempered edge of the bit when in the right position at the bottom 

. of the well, a mass which did not change its shape or wear out, . 
, but at last was pounded into the walls of the drill hole. 

Pyritiferous beds "in which pellets and crystals of iron sul­
phide constitute a considerable portion of the material" are re­

. ported from the 'Eau Claire horizon in southern Minneso.ta.5o 

DYSART, TAMA COUNTY 
. (Altitude 979 feet) 

The city well of Dysart was drilled about 1917 and is 1600 feet · 
in depth, with a diameter from top to bottom of 10 inches. On 
completion the static level was 120 feet below the surface and the 
pumping capacity 60 g.p.m. Both have remained unchanged to 
the present time. There is no draw down under continuous 
·pumping. The quality of the water is reported as soft. No log 
has been preserved of the well. At Dysart the Saint Peter sand­
stone is to be expected at about 300 feet below sea level, or 1275 
feet in round numbers below the level of the railway station. 
The well probably dr~ws on the Prairie du Chien as well as the 
Saint Peter, and possibly: e:nters the Jordan sandstone. 

ELKADER 

WELL OF TOWN OF ELKADER, 1927 

This well, 659 feet deep, was drilled by C. "'iV. Varner, Dubuque . . 
The diameters are from ·15 to 10 inches. The main supply was 
found from 350 to 400 feet, and other water beds were struck at 
175, 350 and 550 feet; The static level was estimated to be about 

fiO Hall, Meinzer and Fuller, U. S. Geological Snrvey, 'Vater Supply Paper no. 256, p . 48. 
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20 feet above the curb. The well discnarges under natural flow 
190 g.p.m. This and the two wells of the town already in use dis­
charge into a surface re.servoir about 300,000 gallons in 24 hours. 
The well is cased :with 65 feet of 12 inch pipe and 216 feet of 10 
inch pipe, "separating the flow from the Saint Peter' sandstone." 

Th.e cost of the well was $5,950. 

Record of strata, Elkader we!l, 1927 

DEPTH IN FEET 

Soil ................. : .....•....................... , ..... ~.. ....... . ............ .. ....... .... .. . ...... ................. ............ 0-5 
Galena limestone (60 feet thick; top 733 feet above sea level) : 

Limestone, yellow'gray, rapid effervescence in cold dilute .RCl .............. 5-50 
. Lim~stone, blue·g.ray, rapid ·effervescence ................................................ ~ .. , 50-65 
Decorah shale (25 feet thick) : . 

Shale, light blue· gray, in concreted masses; limestone, yellow· gray, reo 
action rapid; gray chert; pyrite ........... _ ................................ __ ........... 65-90 

Platteville limestone (48 feet th~ck) : 
Limestone, blue· gray, rapid effervescence, fossiliferous, in flaky chips.. '90-138 

Glenwood shale (7 feet thick) : . 
Shale, hard, green·gray, laminated ................................................................ 138-145 

Saint Peter sandstone (30 feet thick, top 593 feet above sea level) : 
Sandstone, white, ~grains well rounded, frosted, up to 1 mm. diameter; 

much fine material of broken . grains ....................................... _ ........... 145-175 
Prairie du Chien (315 feet thick; top 563 feet above sea level ) : . 

Dolomite, yellow'gray, cherty at 200 feet; 3 samples ................................ 175-215 
Dolomite, gray, some closely and minutely vesicular, considerable 

quartz sand in cuttings ......... _ ................................................................. 215-230 
Dolomite, browp. ................................................. _ ................................ _ ........... 230-250 
Dolomite, yellow· gray, cherty ........................................................................ . 250-270 
Dolomite, whitish, some quartz sand ........... : ................................................ 270-300 
Dolomite, gray, cherty at 360; 4 samples .................................................... 300-380 
Dolomite, brown, cherty ........ ........................................................................ 380-400 
Dolomit~, yellow· gray, buff a 470, slightly cherty at 400, cOI\siderable . 

quartz sand at 450; 4 samples .............................................................. 400-490 
Jordan sandstone (40 feet thick; top 248 feet above sea level): 

Sandstone, white, grains rounded, frosted, larger up to 1 mm. diameter, 
most of material fine ' or broken grains .............. , .................. , .............. 490-500 

Sandstone, rusted to light yellow, very fine, "hard" .................................. 500-510 
Sandstone, light yellow, very fine, irregular grains, dolomitic cement; . 

in chips and sand ... _ ............................................ _................................... 510-530 
Saint Lawrence, Trempealeau dolomite (penetrated 80 feet 01' more; top 

, 208 feet above sea level) : ' . 
Dolomite, gray, in chips; quartz sand in cuttings ......................... _ ........... 530-550 . 
Shale, gray. in friable concreted masses, dolomitic, highly arenaceous ' , 

with minute angular grains of quartz .................................................. 550-570 
Dolomite, yellow·gray, in clean chips; 2 ' samples ...................................... 570-610 
No samples, reported to be no change in material .................................... ,. 610-659 

Mineral Content of City Well, El1cader* 

P.P.M. 
Bicarbonate ........................................................................ 319.6 
Chloride .............................................................................. 4. 
'Sulfate .~.......... ................... . ...... . .................................... ..... 47.4 
Silica ......................... :........................................................ 8.4 

* Analysis by Dr, Harry F . Lewis, Chemical La~oratory, Cornell College, Mount Vernon, 1927. 
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Fe.O.+Al.O. ...................................................................... 2.6 
Calcium .............................................................................. 66.4 
Magnesium ............................................. :.......................... 42.6 
Na + K as Na ................................................................ 14.8 

Total solids .............................................................. :. 346.0 

FAIRFIELD 
(Altitwile 766 feet) 

WELL OF JEFFERSON COUNTY GAS, OIL AND MINERAL COMPANY 

This well was sunk in 1910 about one-quarter mile east of the 
business center of Fairfield by J. D. Shaw of Davenport. The 
depth is 1685 feet or more and the diameters are from 12 to 8 
inches . . The main flow was struck at 1135 feet and other. water 
beds were found at 200 and 500 feet. The head of water is 88 
feet from the surface (680 feet above sea level). 

A few samples of the cuttings were obl~ined and are described 
as follows: 

Reco·rd of Stmta 

DEPTH IN FEET 

Mississippian, Meramec, Osage and Upper. Kinderhook: 
Limestone, blue· gray in mass, fine· grained, earthy, rapid effervescence 

in cold dilute HCl ................................................................................. : .. 
Chert, white and blue; chalcedonic silica; some limestone as above ..... . 

150 
210 

Limestone, light blue and yellow·gray, macro crystalline, rapid efferves· 
cence; limespone, magnesian, . buff, fine crystalline· granular, rather 
slow effervescence ; much blUISh chert .................................................. 275 

Chert and limestone, whitish ............................................... _ ........ _ ............... 310,345 
-Kinderhook shale (250 feet thick; top 180 feet above sea level, bottom 70 

feet below sea level ) : -
No samples except the following .................................................................... 600-850 
Limestone, blue· gray, earthy, argillaceous, siliceous, reaction rapid ...... 815 

Silurian: 
Limestone, light brownish gray, compact; gypsum plentiful, in white 

chips ................................................................. _ ........................................ . 
Limestone and gypsum as above; gypsum in small amount ................... . 

Galena· Platteville: 
Dolomite, light yellow·gray and blue· gray, in chips .... , ...•........................ ~ 
Dolomite, buff, in fine sand ........................................................................... . 
Dolomite, yellow· gray, in fine chips ............................................................. . 

Glenwood: -
Shale, bluish green and drab, in flakes and moulded masses ................. . 

Saint P eter, sample, 714 f eet below sea level: 
Sandstone, white, fine, Saint Peter facies ................................................... . 

Prairie du Chien : 

940 
1000 

1100 
1135 
1400 

1450 

1480 

Dolomite, gray, cherty; some fissile shale ........... _ ...................................... .1530, 1680 
Dolomite, l~ght yellow'gray, cherty; considerable quartz sand of round· 

ed grains ..................................................................................................... . 1685 
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WELL OF THE FAIRFIELD PURE ICE COMPANY 

This well, 1325 feet deep, was completed in 1912 by J. E. Foss 
of Washington, Iowa. The diameters are from 10 to 6 inches. 
The chief supply was found at 1275 feet in "sandstone" unusual­
ly soft and easily drilled. The capacity of the well under an air 
compressor was found to be 100 gallons per minute maintained 
for 18 hours without lowering the water below its static level of 
116 feet from the surface of the ground. 

Samples . of the cuttings were taken by the company" when we 
met with different 'formations" 'and the following description, of 
them is furnished by the manager. 

" No.1, 500 feet, Gray limestone 
No.2, 550 feet, Brown limestone 
No. 3, 575 feet, Gray limestone 
No.4, 600 feet, Blue shale 
No.5, 725 feet, Black shale 
No.6, 760 feet, Blue shale 
No.7, 800 feet, Black shale 
No.8, 825 feet, Blue shale 
No.9, 850 feet, . Brown limestone 
No. 10, 900 feet, White limestone, continuing to . 
No. 11, 1125 feet, St. Peter sandstone, from 1125 to 1325, feet." 

FORT DODGE 
(Altitude 1111 f eet, C. G. W . R. R.) 

Record of Strata of City Well No. 4* 

Located on Duck Island in Des Moines river. Altitude of city well is about 6 feet 
above river·· level or about 976 feet above sea level. 

D EPTH IN FEET 

Sand· and cobbles; size of walnut to baseball ..................................... , ..... :........ 0-20 
Blue clay ........................................................... _ ...... _............................................... 20-35 
Red shale or clay, called fire clay by driller ................................... ,.................... 35-70 
White shale ................................................................................. _ .. _......................... 75-105 
Lime rock, gray or brown .......... .< ............ ...... . .... . ....... .................... . ................. . . ... .. 105- 125 
Lime rock, brown ................................................................................... _ .............. _. 125-220 
Sand rock ............................................................................... _................................. 220-328 
Limestone, in fine powder, gray·buff, effervescence very ready with cold 

HOI; considerable residue ................................................................................ 357-360 
Limestone, gray, in coarse powder and small chips which show granular, 

sugary surfaces; effervescence . slight in cold HOI, rapid in hot acid .~.. 365 
Limestone, in gray powder, sugary fracture, response with cold HOI fairly 

rE1ady, more so with hot HCI ............................ : ...................... ~ ........... _....... 37{) 
Limestone in fine light gray powder, some clear, translucent sand grains 

present. Responds very readily to cold HOI ......................................... _... 375 
Limestone, in coarse dark gray powder and fragments, fractured faces dull, 

lusterless, a few small sparkling fragments of calcite. Response to 
cold acid fairly ready, considerably accelerated on slight application of 
heat. One lump of light gray dolomite enclosed ........................................ 380 

Sample similar to that at 380, with some small fragments of light gray 
limestone ...................................................................................................... :....... 385 

* By Dr. James H. Lees, Assistant State Geologist. 
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Limestone in light gray, fine powder, responds to acid very readily after 
slight heating. Small concreted masses readily friable. Powder almost 
entirely soluble , ... , ... ,, .. ,.,,.,,_ ..... ,_.,,._ .. , ............. ,_, ...... ,_ ......... , ...... , ...... , .. , .390 

Limestone, powd~r slightly darker than at 390, effervescence slightly less 
• • ready ., ............................. , ............ , ............... , .. _ ... , .......... , ... , ... : ... ,........................ 395 

V~ry similar to 390, small insoluble residue of sand grains ,.:., ... ,..................... 400 

Record of Strata of City Well No. 5* 
,. . DEPTH IN ~EET 

Shale, . dark gray, very finely gritty, no response to acid; at 30 feet. contains 
some small 'rounded pebbles which evidently are of foreign origin; 3 
samples ................. , ................ ' ......... , ....... , ....................... , ............................ , .... ,. 0-30 

Limestone, gray, in small chips, easily attacked by acid; much fine residue 
apparently of quartz, together' with some larger grains , ......... , ..... , .... ,.... . 30-40 ' 

Shale, dark gray, very finely gritty, some slightly calcareous, a few frag, 
ments' of limestone at 70 and 120 feet; 8 samples ............ ,......................... 40-120 

Limestone, gray, powder reddened by iron rust. Ready effervescence .......... 120-125 
Shale, light gray, limy; 2 samples , ... , ... , ...... , ..... , ... , ...... , ........... , ........................... . 125-140 
Limestone, dark and light gray, in fine chips, grains and powder,. pyrite, . ' 

ready effervescence, magnesian 400 to 450 feet, chert at 410, clayey 
residue at 468; 33 samples .................................................... , ....................... 140-468 

Shale, blue· gray, very slightly calcareous, finely gritty; 3 samples , ............... 468-490 
Limestone, drab and blue· gray, in small chips; almost no response to cold 

acid, vigorous effervescence in hot acid,; 2 samples ........ : ......................... 490-510 
Limestone, bluish gray, rapid effervescence; 4 samples ............... _ .... , ............. , 510-550 
Limestone, light gray, subcrystalline, strongly magnesian, in s:Q1all sand, 

fragments present many glistening facets ...................... : ........................... 550-560 
Limestone, light gray, bluish at 590, in very fine sparkling sand, freely ' 

effervescing; 3 samples .................................................................................. 560-590 
Limestone, like the preceding, but quite magnesian; 2 samples ........................ 590-610 
Limestone, medium dark to bluish gray, fine powder, free effervescence; 

2 samples ............ : ........................................................ _..................................... 610-624 

DT.illeTS' Log, City Well No.6 
DEPTH IN FEET . 

Surface ..... : ............ ! ................ :.................................................................................... 0-16lh 
Shell rock ............................................................ , .......... : ....................... _ .............. _ ... 16lh-18 
S6ft shale ........................................................................ : .................. _....................... 18-78 
Lime rock, small amount of water ........................................................................ 78-110 

~~:~~t~~~ ~~.~.~~~ .. ~.~~ .. :::::::::::::: :::::::::::::::~:::::: ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ~~~=~~~ 
Red shale ..................... : ............. : ........................................................ , ....................... 188-224 
Lime rock ................... ~ ...................................................... _ ....................................... 224-227 
Shale ...... ! .................. _ ......................................................................................... , ....... 227-252 
Lime rock .. ~ ..................................... : ........................................................................... 252-257 
Sand rock .................. ~ ... ·.·.··· ..... · .. ····· ...... · .. ·· .......... ···r .. · ........ ·· .... - ............................... 257-264 
Lime roc~ ............................................................... : ... _ ............................................... . 264-283 
Shale, entered at .. , ...... :.............................................................................................. 283 

Driller's Log, Oity Well No.7 · 
DEPTH IN FEET 

Surf/Lce .................................................................................................................... 0 - 19 
Red ' shale ................ ~ ........................................ " .............. _..................................... 19 - 33 
Lime rock .................................. , .............................. : ....... "...................................... 33 - 37 
Red and blue shale ... : ............................................... " ...................................... : .... 37 - ~2 
Lime rock ............................................. _ ............... , ............................... ,................. 62 - 73 
Sand rock, small flo.w : ............................................................................ : .......... ,. 73 - 80 
Li:Q1e rock .. , .............. : ............................................. " ...... ........................................... 80 -123 

* By Dr. James H. Lees, Assistant State !ieo~ogist. 
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Shale ................................................................................................................... , .... 123 -126 
Soft limestone ................................................................... _ ................................... 126 -163 
Very · hard lime rock ............... : ................................................ : ............................. 163 -200 
Limestone ...................................................................................... _ ................... ~~ .... 200 -299:J,2 
Rock, very difficult drilling ....................... : ..................... _ ............................... : ... 299:J,2-309 
Limestone ............................................................................... _ .............. :.: .............. 309 -315:J,2 
Sandrock (increased flow) .................................................................................. 315:J,2-427 
Blue limestone ............................................................................... : ........................ 427 -448 
Blue limestone ... : ............................................................. _ ........ _ .................... .-...... 448 -468 
.Limestone ....................................................... , ............................•........................... 468 -473 
Limestone (in<lreased flow) ........................................................................ ; ...... .4 73 -485 
Blue shale ............................................................................. : .......... ~ ................... 485 · -498 

Record of Strata, City Well No.8 
DEPTH IN FEET 

Mississippian.-: . 
Dolomite, buff, limestone, buff and light gray; shale- ____ ....... __ ... : ...... ______ ... . 53 
Shale, drab and purplish; a very little limestone; "mixed with cave;" 

. 3 samples (Pella beds') ..... __ ....... __ ... __ .. __ .L __ .. __ ... __ __ .. __ : ... .' ________ . __ ......... __ 150-170 
Shale, light gI'eenish yellow; limestone, rapid effervescence in cold 

dilute HCI .... __ __ __ ....... __ ... __ ._ ..... ____ ..... __ . ______ ............... ______ , .. __ : ____ .. __________ .:. __ 
Shale, light greenish gray; much finely divided cryptocrystalline silica; 

pyrite;' a flake or so of selenite .. ______ ...................... __ .......... __ ... __ ____ .. __ ... .. 
Limesto~e, dolomite, buff, slow effer~escence; limestone, lighter colored, 

rapId effervescence ............ __ ........... __ ... __ ... __ ____ ....... ____ ...... __ ... ____ .......... ____ .. . 
Limestone, gray, oolitic, rapid effervescence; shale ____ ..... , ...... __ .......... __ .. __ __ 
Limestone, gray; much finely divided cryptocrystalline silica; pyrite; 

. shale __ ..... __ ... ____ ........ ____ ....... ____ ... __ ....... _ .. __ ... ____ ................................. _ .. __ ... __ 
Limestone, buff, rather rapid reaction, crystall~ne·granular, in coarse 

chips ! ............... __ ........ __ .... __ .......... __ ...... __ ..... __ . __ ......... _ .......... _ .. __ .. __ ... __ ..... __ . 
Limestone, gray, rapid reaction, in fine meal; sandstone, fine, grains ill, 

rounded; quartz crystals; much cryptocrystalline silica .. __ ..... __ ... __ . __ . 
Limestone, light buff and light gray, rapid response; 3 samples ........ __ .. 
Shale, greenish --... --........... --.... --................... , ...... --.............. --... - .. --------.. ------... --.. 
Limestone, light cream colored, oolitic, rapid effervescence .. __ .............. __ 
Limestone, light yellow· gray ; macro crystalline, rapid reaction ........... __ .. . 
Dolomite, buff, in fine sand; some light yellow·gray limestone of rapid 

180 

190 

200 
210 

220 

230 

240 
250-270 

280 
290,300 

310 

effervescence, in larger chips __ ........................... __ . __ ............ __ .... __ ... __ , __ .. 320, 330 
Limes.tone, gray and buff, fine,'grained, rapid reaction .. __ .. __ .................. __ 340,350 
Limestone, buff, dolomitic, response slow and rather slow; some rapid 360, 370 
Limestone, light gray, rapid reaction .......... __ ... __ ..................... __ . ____ ........... _.. 380 
Limestone, drab, fine· grained. rather slow reaction __ .... __ .L ................. __ ... 390 
Limestone, buff and light yellow· gray, fine·grained, rapid response __ .... 400,410 
Limestone, light yellow·gray, rather rapid effervescence .--..... --....... --.. --.,. ' , 420 
Dolomite, brown gray, fine crystalline· granular ; gray chert; 3 samples 430-450 
Chert and limestone, gray ...... : ............................ __ ................. __ ........ __ . __ ......... 460 
Limestone, brown, fine· grained, earthy ...................... __ .. __ .... __ .. , .. __ .. ......... __ .. 470 
Limestone, light yellow· gray .................. ____ ........................... __ __ ......... __ .: ...... :. 480 
Shale, blue·gray, calcareous, in hard moulded masses __ ................... __ ......... 490 
Limestone, light yellow, reaction rapid, in sand concreted with shale 500 
Shale, ·yello'l'f·gray, in concreted masses ..................................... __ ... __ .......... ~10 
Dolomite, light buff, in fine crystalline sand, with much shale . __ ... ____ .... __ 520 
No samples . __ .... __ .............. __ ...... __ .... __ ............................................ _ ........ , __ ........ 530,540 

Devonian and Silurian (360 feet thick; top 456 feet above sea level) : 
Limestone, gray and buff; some chips of shale; 3 samples __ ...... __ ............ 550-570 
Dolomite, light buff, subcrystalline .. __ .... __ ........ __ ..... __ ..... __ ....... __ . ________ .. __ ... __ . 580,590 
DoloInite, whitish and light blue· gray, crystaJline; 4 samples ... ____ ......... 600-630 
.Limestone, blue and yellow· gray, crystaJIine, rapid reaction, large flakes 640, 650 
Limestone, buff, -gray and brown, rapid effervescence __ ......... ____ .. ____ ... .' __ ..... 660 
Dolo.n:rite, gray, finecrystalline'grantilar, soft ...... __ .... ____ .. ____ .. __ ..... __ ... ____ .... 670, 680 
Shale, greenish, slightly calcareous; whitish masses of 'powdered lime· 

stone __ ................ : ........ , .............. __ ....................... _ ... __ ..... .-__ . ____ ..... __ ............. . 690 
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Dolomite, plue-gray, some laminated, compact, argillaceous ___ ________ ______ __ _ 
Dolomite, yellow-gray, crystalline __________________ ________ , _______________ ___ ___ __ __________ __ __ _ 
Shale, blue-green, fissile, with small chips of crystalline . dolomite _________ _ 
Dolomite, blue and yellow-gray, fine crystalline; much blue-green shale 
Dolo~te, buff ~nd blue-gray, in sand; some blackish inflammable . shale m fine grams _________ __ __ _________ . ____________________ _________________________________________________ _ 
Dolomite, gray ______ .. ____________ ______ ______ ________________________ ___ ___ ___________________________________ _ 
Dolomite, gray, some blackish inflammable shale _____________ _______ _________________ __ _ 
Limestone, magnesian or dolomite, gray-buff, rather slow effervescence 
Limestone, gray and buff, rapid effervescence ___________ ___ __ __ ______ __ ____________ _____ _ 
Limestone, ll!-agnesian, or dolomite, drab, buff and gray, rather slow re-

700 
, . 710 

720 ' 
Z30, 740 

750,760 
770 

780,790 
800 
810 

. action; some limestone, response rapid; 4 samples ____________ ________________ 820-850 
Dolomite, gray, in fine san9-; speckled with grains of blackish shale, 

non-infla=able, but giving ,_distillate of oil __ , ________ -', ____ _____ .. __________ .. ___ _ 
Dolomite, buff and light blue-gray; some limestone __ .. __ ____ .. ____ __ _______ ______ __ _ 
Limestone, buff and light 'yellow-gray, rapid effervescence; some round-

ed grains of quartz sand ___ ! __ __ _________ ___________ ___ __ __ _________________ . ______ ___________ : _ 

860 
~70 

880 
Ordovician: 

Maquoketa shale (210 feet thick; top 96 feet above sea level)-
Shale, blue and blue-green, calcareous, laminated; 4 samples _____ _____ 890.:.920 
Limestone, buff, crystalline, argillaceous, rapid reaction; consider-

able shale in powder ____________ -----_______________________________________________ ______ 930, 940 
Dolomite, brown ______ ______ __ ___ .. ___ ___ _____ .. __ __________ .. _______________ _______ ______ __ ______ __ __ __ 950 
'Dolomite, buff and blue-gray, in sand; some whitish limestone; con-

siderable shale in flakes; 3 samples ____________________ .. ____ : ___________________ 960-980 
Shale, greenish blue, soft, in flakes ____ .. _____ ___________________________ _________________ 990 
Shale as above, with some sand of dolomite and white che~t __________ 1000, 1010 
Dolomite, buff, in sand; some shale _____________________________ .. _____ __________ .. ___ .. _ 1020 
Shale, greenish, in fl,akes, sand of buff dolomite; whitish limestone; cinders ________________________ ____ ___ ______ __ __ ___ __ .. ___ ____ __ . _______________ . __________________ _ . ___ _ 
Shale, drab ________ __ ______ . _____ ___ __ _______________ .... __________________________________________________ _ 
Shale, ,drab; buff dolomite, effervescence rather slow, in sand • ___ ___ _ 
Dolomite, rather slow reaction, buff -----------------------.--------.---------------------­
Dolomite, gray, much white and gray chert; shale, dark drab and 

gray; quartz sand in rounded, cOl'l'oded grains ___________________________ _ 
Dolomite, light buff ____________________________________ ___________ _____ _____ . _______________________ _ 
Sh:~Je, greenish drab, plastic; white decayed chert __________________ .. ___ ____ _ 

Galena-Platteville (240 feet thick ; top 114 f eet below sea level)-

1030 
1040 
1050 
1060 

1070 
1080 
1090 

Dolomite, blue-gray, cherty; 7 samples _____ ___ __ __ ______ __ ________ ______ . _______ _____ .1100-1160 
Shale, drab, calcareous, with dolomite and chert, in sand ________________ 1170 
Dolomi~e, blue-gray, cherty ____________________________ ______________________ _____ __ __ _________ 1180 
No samples _ .. __ ____ __ ._ .. ________ . ______________ _______________ .... ___ _____ . __ ________ __ ____ __ ____ ________ 1190, 1200 
Dolomite, blue-gray _________ . _________ . ____ ________ ___________ ___________ .. _______ ______ . ____________ 1210, 1220 
Dolomite, gray; much chert ; some whitish limestone ___________________ ___ __ 1230, 1240 
Dolomite, rusted brown, in sand, a little chert ________________________ .__ _______ 1250 
Dolomite, buff; some whitish limestone ____________ _____ . ______ __ _____ _________ ___ ,_ .. _ 1260 
Dolomite, heavily rusted; 4 samples ________________ __________________ .. __________________ 1270-1300 

,Dolomite, light buff and gray, in sand __________ __ __ _______ _____ : ________ ______ . ___ :__ 1310 
Dolomite, blue-gray; white chert ____ __ ____ __ ____________ _____ ._________________ __________ 1320 

Dolomite, buff, in crystalline sand; a very few rounded grains of quartz __________________ ________________________ : __ ______ _______ __ ___________________________________ _ 

Glenwood shales (40 feet thick; top 354 feet below sea level)­
Shale, blue-green, in hard moulded masses and flakes; with some 

chips of blue-gray. subcrystalline laminated dolomite; -3 sam-

1330 

ples _________________________ -' ___________________ __ __ ___ __ .. __________ _____________ _______________________ 1340-1370 

Saint P eter sandstone (penetrated 30 feet; top 394 feet below sea 
level)- , 
Sandstone, Saint Peter faCies, rusted; chips of hard .blue-green shale _______ _____ _______ __ _______________________________ . __________ _ . _______ ____________________ . ____ 1380, 1390 

Sandstone, clean, light yellow in mass, larger grains up to 0.7 mm. in diameter ______ ________________ : _________ __________ __ ____________ . __ ________ .. _________ .-1400, 1410 
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. . 
Record of Strata from W,ell No . 1 of Beaver Products Company,. Fort Dodge* , 

'. • Well at Mill. (Altitude about 1115 feet) " 

DEPTH IN FEET 

Clay, gray, pebbly, calcareous, . glacial' till; 4 ·sample.s ..... : .......... ; .......... : ........... : 0-40 
Sand, light gray, meqium. fine· grained, concret~d into lump~; noncalcarec;ms. 

Some of the grains appear to be of gypsum ................................................ 40-50 
Sand, light gray, fine powder to 'grains 1,8 inch in diameter, concreted by 

calcareous powder. Some grain~ il-ppear to be of gypsum. Som(l are 
too dark .............................................. ,. ______________________ : ____________ .__________________________ 50-60 

Clay or· shale, reddish ·or pale wine color, fine textured, but with minute sand 
' grains and mica specks.; noncalcareous ____________________________________________________ ____ 60-70 

Shale, black, fine textured, smooth feel, somewhat calcareous ______ : __ ; ____ .: ______ :____ 70-80 
Shale, limy, or limestone, in grains most of 'which are black, a -smaller num.. 

bel' white. Some of. the latter are strongly effervescent while 'others are 
not. Evidently the sample represents black shale with white streaks 
and ,with some bands of limestone. The white gralllS are not gypsum. 
Some of the black grains are concreted by a calcareous powder __ . __________ . 80-90 

Shale, black and gray, smoQth textured, ;slightly calcareous __ . ________ .: __ , __ ____ __ ____ . __ '90-100 
Shale, dark gray, gritty, calcareous; some black grains and some white ones, 

these latter noncalcareous; 2 samples ______________________ ____ : ____ .: ____________________ -' ____ 100-120 
Shale, dark gray, .reddish at 150 to 190; smooth textured, strongly calcareous,. 

grains of limestone at 170; 7 samples ____________ .. ________________________ : __ ______ ., __________ 120-190 
Limestone,' gray, with some red and some black grains; strongly calcareous 190-200 
Sandstone, reddish, very fine·grained __________________ ______________ .: ______________________ ____________ 200-210 
Limestone, gray in washed sample, reddish tinge perhaps due to shale 

above; mostly soluble in acid; a: fragment 'of blu~·gray, calcareous 
shale in sample at 240; 3 samples ________ . _________________ .____________________________________ 210-240 

Sandstone, reddish gray; fragments of limestone and red calcareous shale 240-250 
Shale, red, or shaly limestone, in flakes and grains; some fragments of 

gray limestone and shale; all calcareous; 4 Ilamples __ ______________________________ 250-290 
Limestone, gray, in powder, fine grains, small chips and angular fragments; 

many granules of white or translucent chert at 320 feet, some at 360 
feet and below; 11 samples ______________________________________________________________________ : ____ . 290-400 

Sandstone, gray, fine· grained, some calcareous cement; 2 samples ________________ 400-416 

WELL NO.2 OF BEAVER PRODUCTS COMPANY 

This well was drilled by Thorpe Bros.W ell Co. of Des Moines 
in 1924. The depth is 450 feet, the diameters are 12 ,to 6 inches. 
Water was found at 100 and 400 feet, the latter being the princi­
pal supply. Water rises within 80 feet 'of the surface. The 
pumping capacity is about 25 gallons per, minute, with the pUIl).p­
ing cylinder set at a depth of 250 feet. The water is 'softened for 
boiler use. 

WELL NO. 3 OF BEAVER PRODUCTS COMPANY , 
This well was completed in July, 1925, and was drilled by 

Thorpe Brothers of Des . Moines. The elevation of the eurb is 
1114 feet above sea level. The diameter is 12 inches at th~ top 
and 6 inches at the bottom. Twelve inch casing extends to ~05 

. * By Dr. James H. Lees, Assistant State Geologist, from s'amples submitted by the driller, J. 
J . Becker of Garner. ' . 
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feet, 10 inch from ' 1~4 feet to 365 feet, 8 inch from 590 feet to 688 
feet, and from 143·4; feet to 1510 feet, '6 inch from 1485 to 1580 
feet . . Packing is set at 688 feet and at 1535 feet. . 
Th~ principal ' supply' of water was found in the Saint Peter 

sari'dstone from 1525' to 1586: feet. Water was found .;~lso in 'the 
Shakopee dolomite and the New Richmond sandstone. 

On completion the water stood 62' feet helow the curb, a static' 
level which it has maintained to date. Before the Saint Peter 
aquifer was struck the water in the well 'headed about 50 feet be-
low the surface. . . 

The pumping capacity of the well is 275 g~llons per minute 
with the cylinder. set 132 feet below tee surface. . Continuous 
pumping does not draw down the head. . 

The temperature is 56° . Fahr. The water is reported to 'have 
no bad·effe.cts on boilers. The cost of the well was $13,000. 

Analysis of Water* 
GRAINS l'~ U. S .. GALLON 

Volatile and organic matter .......................... .25 
Silica ......................................................... ,........ 1.55 
Oxides of Iron and Aluminum ...................... trace 
Calcium oxide ..................................................... 8.96 
Magnesium oxide .............................................. 4.44 
Sodium oxide .................................................... 4.03 

. Sulph]uic anhydride ........................................ 10.24 
Carbonic anhydride (fixed) ............................ 8.93 
Chlorine .............................................................. .35 
Hardness as CaCO, .......................................... 27.10 
Suspended matter (mostly iron) ................. ,.. .35 . 
Alkalinity as CaCO, ........ :............................... 20.30 

.' Probable combinations 
V. o~atile a~~ organic matter .......................... .. 
SIlIca .......... : .... ; ............................................. ~ ... .. 
Calcium carbonate .......................................... .. 
Magnesium carbonate ..................................... . 
Magnesium sulphate ................. ~ ..................... . 
Sodium sulphate ............................................ ~ . 
Sodium chloride ............................................... . 

.25 
. 1.55 
16.00 

3.61 
8.16 
8.52 

.58 

Total solids ...... ,......................................... 38.67 

Record of Stratal of Well No.9 of Beaver Products Company 

DEPTH IN FEET 

Pleistocene and Recent (45 ':feet thick; top 1114 feet ~bove ' sea level): ' 
T~ll, ·drap with. a light yellowish. tinge, predominantly clayey; 4 sam-

, pIes .............................................................................................................. 10-40 
Permi!l-l}, FOrt Dodge beds ("45 to 61 feet"): . .'. .. 

Gypsum, white and gray; limllstone, buff; blue shale; much varicolored 
'''. ' . q'l:ar~z ~and, :pebbl~~. ,of drift. ;: ... : ............. _: ___ '; ... ' .... _' .. _;. __ ' .. '_:'~_.: _;:;~:_~: .. :. ,~~!~,~'.', 

* By Wm. B . Scaife & Sons Co. 

. \ 



1 

I· 

RECORP' OF BEAVER PRODUCTS WELL 199 , 

Pennsylvaniah, ,DeS Moines series (89 ~eet' thic~; tOll · 1Q53 feet abqve sea 
; .Jevel) : ..... .. , 
· Shale, dark blue, some red, plastic, noncalcareous .................................. 70 

Shale, black, turns gray before the blowpipe; 2 samples ......... :................ 80,90 
Shale, dark ' gray ............................................. :................................................. 100 . 

, ~ Shale, .blackish; 4 samples ............................ ~ ; ............................. , ... ; .............. 110-140 
Mississippian (520 feetihick; top 964 feet above sea level): 

Pella beds (60 feet thick)-
Shale, reddish and gray; and limestone, gray, rapid effervescence, 
.. in chips and powder; with a little coal .... ,..................................... 150 

Shale, red, plastic'; 4 samples .. ; ............................................................. , 16{}'-190 
Shale, red with . other colors, .with limestone in chips .......................... 200 

· St. Louis beds (.120 feet t.hick)- . 
Limestone, white, earthy, rapid effervescence in cold dilute HCI, 

, in flaky chips ............................ , ... ~ ......... :........................................ 210 
'Limestone, light buff, fine· grained, compact, argillaceous, moderate· 

._ .ly slow. reaction, some 'rapid; with bluish chert, and some gray 
· argillaceous sandstone ' of fine . grain; 3 samples ... : .................... 220-240 

Limestone, as at 210 ................................................................................ 250 
Limestone, blue· gray, crystalline',earthy, argillaceous, reaction' 

rapid ..... ~ .......... , ..... : ............... ::.: ............ : :.~ ................................ :.;........ 260 
LiIhestone, yellow·gray. and buff, fine·grained, earthy, or crystalline· 

· granular, response moderately slow.; 3 samples ... ; ...................... 270-290 
Limestone, light blue, argillaceous, crystalline· earthy, rapid effer· 

· vescence, with considerable pale yello'Y crystalline quartz ........ 300 
LimestoI\e, gray, soft, earthy, rapid effervescence; 2 samJ?les ....... : .. 310, 320 

· Kihderhuok stage (340 feet thick)..,-
'. Limestone, 1;llue·gray, fossiliferous, rapid reaction, in .flaky chips 

· 'with ,considerable ' chalcedony and crystalline qua'rtz inter· . 
· crystallized. with calcite .................................................................... 330 

Limestone, calcilutite, light yellow·gray L .... ................. : ......... : ............ 340 
\, Li~estone,. whitish, .macrocrys~~~line, in large flaky' chips, rapid 

. . .effervescence, WIth some oolIte ...................................................... 350 
\ . Limestone, whitish or light yellow· gray, fine crystalline·granular, 

rapid reaction, in flaky chips; 5 samples .................................... 360-400 
Limestone, light yellow· gray, macrocrystalline·earthy, rapid' reo 

sponse ........................................................................................... :...... . . 410 
'Shale, blue, in flakes; and sandstone, gray, fine, ill·rounded grains; 

argillaceous,· calciferous, pyritiferous; some limestone .............. 420 
Limestone, light yellow· gray, effervescence rapid; with white 

cryptocrystalline silica and grains of quartz sand; some pyrite 430, 440 
Limestone, blue· gray, macro crystalline, pyritiferous, rapid effer·...,... 

vescence j and shale ... ,. .... ~ ........ : ............................................. : .... , .... 450, 460 
Limestone, white, soft, earthy,. rapid reaction, in large flaky chips, 

gray, macrocrystalline at 490 and 500; 4 samples ............ : ......... 470-500 
• > • Limestone, gray; crystalline· granular, some rapid, some sl,yw ef· 

.. fervescing; in sand and small chips; 2 samples ...................... :. ,510, 520 
LimElstone, yellow·gray, soft, earthy, rapid response,' flaky chips; . 
'. ' 2. samples ............................................................ : ............................... 530,540 .. 
Limestune, graY', a calcilutite, rapid effervescence, large chips ........ . 550 
Limestone, buff, rapid"reaction; with white chert .......................... :... . 560 
Limestone, gray, fine granular, ' moderately slow reaction; with 

· .much white chert; 3 samples ....... : .................. : ............... : ................ 570-590 
~ ,!.. Limestone, gray., rapid. response; sQme white chert ........ ~ ............ :...... . 600 

Li\m~s~one. as ~bove, g:ay s~ale, much pyrite, a little quartz sand . 
· m fine grams; cuttmgs m sand ........................................................ . 610 

Shale,' blue, . Plastic, calcareous; ."2 samples ........ ~ ............... : ................. 620,630 
Limestone,. blue· gray, reaction slow; and, shale, greenish and drab,; 

. ·some blackisli, ,with. pyrIte; 2 :samples .: ...... : ... : ............ c ......... ,:.. ... 640, 650 
r . SKale, blue· green, plastic, calcareous ............. , ..... ~ .............. :.................... • .660 

Devpnian (190 feet thick; top 444 feet above sea level): 

\ . 
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Limestone, light yellow· gray, crystalline. granular, slow re'actiorl, in 
chips ........................................................................................................... . 

Limestone, buff, rapid effervescence, in sand and, small chips ... : ............. . 
'Limestone, buff and blue·gray, moderately slow ................. : ...... , ................ . 
Limestone, blue·gray and light yellow· gray, crystalline·granularf mod· 

erately slow reaction, some bu'ff and rapid ............ : ... ;, ..... : ........... ~ .. ~ ... 
Limestone blue·gray, coars·e·granular, moderately. slow response ......... : .. 
Limestone, blue·gray, coarse·granul!tr, rapid reaction; 2' samples ' ...... ~ ... 

670 
680 
690 

100 
710. 

720,730 
Dolomite or magnesian limestone, . blue· gray or light yellow· gray, much 

in crystalline sand; 7 samples ................ , ................. :, ........... ~ .............. 740-810 
'Limestone, blue (at 850 light yellow· gray ), moderately slow response, 

crystalline· granular; and much highly arg:illaceous limestone, hardf 
dark bluish, in small chips; 3 samples ........................... : .... ~ ........... ; ..... 830-850 

Silurian (140 feet thick; top 254 feet above sea level) : 
. Limestone, light yellow· gray fine crystalline· granular, effervescence 

moderately slow; 2 sampies .................................... ; ................... ~ ........ , .. 860,870 
Dolomite, brown or buff, cherty at 930 and 940, in sand; 11 samples .... 880-980 
'Limestone, yellow·gray and brown, in small chips' ahd sand, rapid reo 

action ......................................................................................... :................ 990 
Ordovician: 

Maquoketa shale (190 feet thick; top 114 feet above sea level)­
Limestone, dark blue with moderately sloVv effervescence and light 

. brown with rapid reaction; and shale, drab, hard, in chips; 
2 samples ...................... : ........................ : ......................... : .................. 1000-1010 

Limestone, drab' and light gray, some mottled, earthy, some macro· 
, crystalline· earthy, rapid response, in large thin chips; 4 sam· 

pIes ..... ~ ................................................................................................ 1 020-1050 
Limestone, brown, rapid effervescence ........................................ :......... 1060 
Limestone, brown, some rapid reaction, mostly moderately slow,' in 

sand ..................................................................................................... . 1070 
Lim~stone, ligh~ yellow·gray, earthY1 moderately slow response, 

In small ChIpS .................................................................. : ................ . 1080 
Limestone, blue, argillaceous, moderately slow response, in small 

chips .......................... : ................. !.c ................ _ ...... : ............... , ........... . 1090 
. Limestone, light buff, earthy, moderately slow reaction, with some 

light greenish shale ......................................... : ........... _ ...... : ..... , .... :. 1100 
Limestone, light drab, earthy, moderately slow effervescence; hard, . 

in small chips and sand; 6 samples ............... _ .............. : ...... · ........ 1110-1160 
Shale, greenish, with a little brown inflammable and drab liritestone 

as above ...................... :.: .................................. ~ .... : .................... : ....... . 1180 
Galena and Platteville limestones (thickness 310 feet, ·top 76 feet 'below 

sea level)- , . ' 
Dolomite, brown, .subcrystalline, in small chips, with much white . 

chert ......................................................... _ ................................ ,........ 1190 
Dolomite, as 'above"with considerable greenish shale .......................... 1200 
'Dolomite, ' drab, cherty, with some powder of shale; 2 samples ........ 1210,1220 
Dolomite, buff, i.p. sand and meal, with some powd!)r of shale.......... 1230 
Dolomite. buff and gray, cherty at 1240, 1330, 1340;' argiIIaceo)ls 

at 1270; 16 , samples .................. : ................................... '.; ... : ............... 1240-1390 
Limestone, gray, rapid response, in small chips; 2 samples .... : ......... 1400,1410 
Limestone, gray, with some shale' ................................... ,.::................... 1420 
,shale, ' green, plastic, with some argillaceous limestone .. :.................... 1430 
Limestone, brown, fossiliferous, crystalline·granular, some green 

shale ........................... ,. ~:.: ........ : ........................ :! ... ~ ...... ~.;..................... 1440 
Limestone, yellowcgray, rapid effervescence .......... : .. ! .......... , ...... ,........ 1450 
Shale, bright green, plastic ......... _: .......... : ............................ : .. L ........ ... 1464--1478 
Limestone, whitish, fossiliferous, soft, earthy, rapid' effervescence, ' 

in flaky 'chips; with much green shale; 2 'samples ................. : ........ 1480, 1490 
Glenwood shale (20 feet thick; top 386 feet below sea level)~ 

'Shale, green, some brown at 1510; 2 samples; : .. ~ ............... ;.: ..... : ....... :.:1500, 1510 



CHARACTER OF SAINT LOVIS BEDS 

Sajnt Peter sandston,e . (75 feet thick; top 40~ feet below sea level)­
Sandstone, moderately :fine, of usual Saint Peter facies, white ex· 

cept as rusted in container, with much , green shale at 1520, 

201 

1580 and 1595; 8 samples ................................................................ 15:)0·15,95 
Shakopee 'dolomite (55 feet thick; top 486 feet below sea level)- " ., 

Dolomite, no samples, cuttings washed away ..... : ....................... : ........ 1600-1665 
New Richmond sandstone- ' 

Sandstone, white, moderately :fine, rounded 'grains of. pure quartz, to ' 
bottoIQ. of well ................................... ;, .......................... , .................. 1665-1669 

Driller's Log, Well No.8, Beaver Products Company 

THICKNESS 
FORMATION " 

~~~S:~d r~!i .. :::::::::::::::::::~::::::::::::::::::~:::::::::::::::::::::::::: :::::::::::::::: 
Shale .......................................... : ........... ; .......................................... . 
Limestone ...................................................................................... ' .. .. 
Red shale ........ : ...................... :.: ................................. ~ .................... . 
Ltmestone ..... , .......................................... , ............. , .................. : ....... .. 
Red shale ...... c .................................................................................. . 
Limestone ........ : ............................................................................... .. 

~~ZSto:e~~~~.~ .. :::::::::::::::::::::::::= : :::::::::::::::: :: :~:::::::::::::=::::::::::::::::: 
Shale ............................ , ........................................... ~ ....................... .. 
Limestone ........... _ ............................................................................ . 
Shale ................................................................................................. . 
Limestone , ................................ _ .................................... : ................. .. 

~~!l:st·~;;_~ .. ::::::::::::::::::::::::::::::::=:::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Shale .................................................................. : ............................. .. 
Saint Peter sandstone ............................................... : .................. .. 
Limestone ................. _ ....................................... ; ............................. .. 
No samples, open limestone .......................................................... .. 
New Richmond sandstone ........................................... : ................ .. 

FEET , ' 

45 
16 
77 ' 
17 
28 

3 
18 
86 
35 

283 
32 • 
15 
10 

799' 
12 
18 
30 
62 

9 
60 

, 14 

DEPTH 
FEET 

4Q 
6r 

138 
155 
183 

.186 
204 
290 
3,25 
608 
640 
655 
665 

'1464 
1476 
1494 
1524 
1586 
1595 
1655 
1669 

N otes.-This well on the upland penetrates higher beds than 
the city wells located on the Des Moines valley floor. The Pleis­
tocene till is probably ,underlain by thin glacial sands and gravels 
not represented in the samples of the cuttings nor in the driller's 
log, but furnishing drift sand and gravel to the underlying cut­
tings at 50 and 6U feet. Some of the white sand of thecutt'ings 
of the, Fort Dodge beds may be derived from an incoherent sand­
stone of that formation., 

The section through the Coal measures and the Pella beds COII­

forms to that of the local outcrops. 
The characteristics of the Saint Louis beds are pretty clearly 

exhibited from 210 to 250 feet, and the argillaceQus limestones 
from 300 to 320 feet are included in this formation with less evi­
dence. This is also a distinctly argillaceous horizon in city well 

, no. 1. 

" 
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,DEEP WELLS 'OF IOWA: ' -' . ' 
The :t:lpper .limest,ones' :referre<;l , to the " KindEpthook, some of 

them ' o6litic, 'perhaps r.epresent the Alden beds. The base of 
'the ' Kinderhook and the summi~ ' of the Devonian might be, ex­
:peeted'to be ,marked, bY' distinct and heavy shales. Sp.ch, how­
ever, are reached only in shales and shaly limestones fI:om 610 
to 670 feet: This is 'also a 'particularly well marked horizon in 
city wells no. 1, np. 7 and no . .8. ' If this is taken as the base of the 
¥ississippi~n i,t gives it 'an ~xtravagant thickness. It ,may be 
assumed that these shaly beds represent the Sheffield 'shale of 
Franklin county, which, it must ,be remembered," while ',provision­
ally referred to the I{inderhook, may be shown by more thorough 
investigation ip. th¢ field to be .D,~nronian. Lithologic~lly .the liIP.e­
stones above this shale as high as 604 feet above sea level might 

I ' 

als:O be Devonian. ,But if the Deyonian begins at this height (510 
feet deep) the shales from 610 to 670 feet are left , iIi the, middle 
of the 'Devonian instead 'of at either top , or bottom where they , 
should be expecteq; " . ", , '. ' 

The underlying , dolomite~, with some limestones, correspond 
stratigraphically with 'the, beds at Webster City, which are pretty 
clearly defined, as Silurian by their gypsum content. 
,' The Maquoketa shale probabiy is, 'represented qy the earthy, 

l:\.rgJllaceous liJ?1est.o:Q~s ,'Y.ith I?grp~ .. s!i~le, oC'Gurring from 1000 to 
1190 feet, altho1,lgh the samples afford no "mud rock shale," 
pounded into plastic clay under the drill, and the driller's log 
reports no , shale betwe'en ,these limits. The 10wer limit of the ' 
Maquoketa is uncertain, as the up'per beds of the Galena may be 
a,rgillaceous. The unwashed samples from city ,well no .. 1, de­
scribed in the Report on the Underground Waters of Iowa, 1912~ 
and the' samples of'well no. '8, show this horizon 'much more clear.:. 
ly, The underlying formations are plainly demarked. 

The driller's log, which no doubt gives closer measurements 
than' the' sample cuttings, states that the Saint Peter is 62 feet 
thick and the subjacent limestone, the Shakopee, is 69 feet thick. 

, , " WELLS 0F, L,. E. :ARMSTRONG 

In May, 1927, ' Mr. Armstrong had drilled on his farm in sec": 
tion 31, Cooper township, 'about a mile west of Fort Dodge, a well 
407 feet deep, Water rose within 125 feet of the curb, which 'is ' 

\ 



LARRABEE WELL 203, 

about 1120 feet above se~devel. I 'The driller was J. J. Becke~ of . 
Garner . . In' October, 1921, Mr. Becker drilled a second well for 
Mr. Armstrong, in the' nort~ half of the northeast quarter 9f sec­
tion 35, Douglas, township, two . miles west of well no. 1. This 
well is 216 feet deep and water rises within 119 feet of the top, 
which is about 1130 feet · above sea. In the following record 
. samples' from both wells are combined as indicated. 

Record of Armstrong Wells Nos. 1 and te* ' 
DEPTH IN FEET 

Clay, gray, limy, probably glacial till (No. 2) ................... ~ ........... : ._ .......... _ ..... . 
Shale, red with light blue streaks, limy, Coal Measures (No.2) ________________ .: __ ' 
Shale, similar to above (No.2) , __ : ______ . ________________ . _________________________________________________ . 
Shale, black, sOll'le fragments of coal (No.1') __________________________________________ ____ __ 
Shale, red, like that at 80 feet (No. 2) . ______ .~ __________________ . ____ . ___ .,--.------------.--------. 

~~!~:: ~~~: !~~\:~.~:~--~.~~:--~.~ .. :::::: :::::::::::::::: :::::::::::~::::=::::::::::::::::::::: : ::::: ::: ::::::::: 
Shale, like 'above ... __ : .. ____ .. : __________ . ______ . __ . __ .. ____ . ______ . ____ .. ______ : ... ____ . ______ . ______ ..... ____ .. __ ... __ 
Shale, like above ... __ . __________ .. ____ .. ____ ... ___ . ____ .. __ : __ ...... __ .: ... __ . __ .. ______ . __ . ______ . __ .... __ . __ .. __ . 

~~!~:: i~~~~ 1~~~:fml~:~ ~:~b·~~~~··:::::::::::::::::=::=::::=::::::::::::::::::~:::::::::::::::::::::::::: 
Sal!-dstone, fine· grained, with some shale ____ ... ___________________ .~ .... __ . ____________ ._ ...... ____ . 
Sandstone, fine, white grains, red shale. Last sample marked "No.2"· __ .. .. 
Shale, dark gray __ . __ .............. :._ ... __ ... ~ ...... __ .... __ ... __ ..... __ ...... __ .. ,--.--... --..... __ ....... __ ........ . 
Shale, black, very fine, 'marked "thicknllss 2 feet" ________ .. ________ ... __ .... __ .. __ ....... ,. 
Shale, ' dark' ~ray to black, nU,merous pebbles of various ki;nds which loo~ 

hke glaCIal gravel ...... __ ......... ____ ...... _. __ ._ .. , ....... __ .. __ . __ ....... _ ..... ____ ..... ____ '"''''.''' 
Shale, red, limy, with mixture of pebbles as above ____ .. ____ .. __ .. __ .. ____ .... __ .......... __ .. . 
Shale, red as above ____ ....... ____ __ ...... __ .... __ .. ____ .... ________________ ....... : .... ______ .. __ .... __ .. ________ .. __ . 
Shale, red like above but few pebbles ___ .. ________ .. ______ .. __ .. __ ., .... __ ...... __ ..... , ...... __ .. ___ 

~~!~:: :~h:~~~a~b~~ea~.~.~.~ __ ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Sandstone, very fine colorless grains, pinkish from iron stain or shale ____ .... __ 
Sandstone, like above ... , .... __ .. __ ...... , ................. __ .. __ ............. , ......... .' ..... ____ ........... __ .. __ 
Sandstone, like above, but tan color __ .: .... __ .... __ ...... __ ... ~:" __ .. __ ., .. ____ ... __ .. _______ .... ____ .. . 
Sahdstone, like 'above ...... __ ..... __ ......................... __ ....... _:: ..... ~ .... :.: .... __ ... ____ : ........ __ ....... . 
Sandstone, like above .... __ .. __ ...... __ .: ...... __ ....... : .. ____ ..... __ .... .:., ...... , ~ .. , __ .......... ___ .. : __ ... __ .. ; 
Limestone, gray, powder ~o rather cO!Lrse crystalline gra.ins which respond 

readily to acid. ,Some sand __ .... ______ : ...... ______ .. __ ............ __ ...... __________ .. ____ ........ __ __ 
Limestone, similar to above ... ___ ......... ______ .... __ .. ____ .. ____ ....... .,. ... : ........ ____________ .. _ .. ____ . 
Limestone, similar to above. These last three samples are St. Louis lime· 

stone ____ .... __ .. ______ .. __ .. ____ .... ____ .. __ ......... __ ................. __ ........... __ .... __ ........ __ ..... __ ._ .... __ . 

WELL OF FREDERIC LARRABEE , 

50 , 
, 80 
110 
125 
130 
150 
165 
180 · 
190 
200 
205 
215 
216 
225 , 
240: 

260 
270 
290 
310 
320 
330 
340 
350 
360 
370 . 
380 

390 
,400 

407 

In May, 1927, Mr. Larrabee had drilled by.Mr. J. J. Becker a 
well·on his farm, in the northwest quarter of section 13, Douglas 
township, two miles north~est of Fort Dodge. ,The well is 315 
feet deep; the altitude about 1100 feet and water stands 100 feet 
below curb. The description of the samples follows. Probably, 
all below the first one represent St.Louis limestone. . ' 

* ll,y Dr. James H. Lees. Assistant State Geologist. 

, , 
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Samples frMn. weU. of Frederio Larrabee* 

. DEPTH IN ,FEET 

~avel O'r cO'~rse sand" clean, g!flty, ,¥th :fip.e sand mixed .......... ,._ ........... , .. ,....... .. ' 90 , 
LImestO'ne, dark gray, fine-gramed to' sugary texture ........................................ 100 
SandstO'ne; fine· grained, gray', with abundant limestO'ne; perhaps as cement 110 
SandlltO'ne, cO'arse to' fine, light gray; limestO'ne in chips and PO'wder, gray 120 
Sandstone, very :fine· grained; light gray; much limestO'ne, alsO' fine ' PO'wder 130 
SandstO'ne, similar ;to' , abO've ...... , .................................................. :.~ ............... ~.... ... 140 
Shale, gray, almO'st gritless, sO'mewhat liIJ?y .................................. ,..................... 150 
SandstO'ne, dark gray, rathet fine·grained, much limestone in :fine powder.... 160 
LimestO'ne, in PO'wder and chips, light gray; cO'nsiderable sand .in small 

grains ............... _ ................................................................................................ . 
Lime8tO'~e, similar to' abO've, a little sand and some clay ............................... . 
LimestO'ne, dark gray, PO'wder to' chips, fine· grained fO'r mO'si< part, sO'me fine-

ly crystalline ., ......................................................................... , ......................... . 
Shale, dark gray, very :finely gritty, limy ...... c •••••••• _ •••• , ••••••••••••••••••••••••••••••••• ' ; '" 
LimestO'ne, dark gray, with sO'me clay and chert ....... , ......................... , ......•....... 
LimestO'ne, light gray, fine· grained ; sO'me darker limy shale ......... : ................. . 
LimestO'ne, gray, very finely sugary; very ready effervescence in acid, near-

ly all sO'luble. SO'me shale, may be frO'm abO've ......................................... . 

170 
180 

190 
200 
210 
220 

230 
LimestO'ne, very shaly, dark gray, in SO'ft PO'wder and chips; ready actiO'n in 

acid.. put much residue .................................................................................... . 240 
LimestO'ne, light gray, in finely gritty PO'wder, nearly all sO'luble in acid ...... 250 
LmestO'ne similar to' abO've but in cO'arser grains. A little residue O'f clear 

grains, prO'bably chert ........................................................................... _ ...... . 
LimestO'ne and shale, gray, limestO'ne in :finely gritty PO'wdE)r, shale in chips 
LimestO'ne, light gray, entirely sO'luble in acid. In small fragments ............. . 
LimestO'ne, ' similar to" abO've ............................................................................... _ .. . 
LimestO'ne, similar to' abO've ; sO'me shale ............................................................. : 
LimestO'ne, in nearly white, very finely gritty PO'wder ............. - ........................ . 
LimestO'ne, similar to' abO've ................................................................... _ .............. , 

GARRISON, BENTON COUNTY 
(Altituae 869 f eet) 

WELL OF IOWA CANNING COMPANY 

260 
270 
280 
290 
300 
310 
315 

In 1926 a well at least 1435 feet deep was completed for this 
company by Charles D. Nolan of Cedar Rapids. The principal 
supply was found from 1375 to 1435 feet. During the drilling' of 
the well, it is said, water stood about 12 feet below the curb until 
the main water bed was reached. when it fell to 21 feet below the 
same level. . 

On testing the well yielded to the capacity of the pump, 125 
gallons per minute, with the pumping cylinder set 80 feet below 
the curb and the draw down to 42 feet below the curb. ' 

49 feet of . 1~ rnch casing' i~( set to rock, and 191 feet of 8 inch 
casing through the Maquoketa shales. The cost of the well was 
$8610. . ' . 

• 1 . , 
* By Dr. James H . Lees, Assistant State Geologist. 



WELL NUMBER 2, GLENWOOD 205 

Description of samples of oottings frorll well of Iowff Ca~g yompany, Garriso,n 

DEPTH 11:'1 FEET 
Dolomite, in ,fine . buff , sand , ______________ __ ______ : ___ ~ _______________________________ ____________ ,____ 450 
Shale, blue, calcareous ('Maquoketa) _________ : ______ : ___ : ___________________ : ______________ : 529, 545; 595 
Limestone, nonmagnesian, Galena ,facies; 14 s,amples ____ , _____ ' __ , ____________ '-____ , 690- 975 
Dolomite, Prairie du Chien facies, some rounded grains of quartz sand, chert at 1095 ' ___________________________________ ___ -' _______________ ____________ , ______ : ___ ~: ________ ~_ 1090-1095 ' 

Dolomite and sand, as above; some blue-green shale, slightly calcareous 1150 
Shale, in light blue;gray concreted masses, highly dolomitic with 

minute crystals ' of' doloinite; some fine quartz sand and flakes 
of blue-gree~ shltle __ ,_, _______ ,-, ____ .,----------------------------------_______ , _________________ 1225, 1~35, 1255 

Dolomite, some grains of quartz sand ________________________ ____ L ______________________ 1315; 1340 
Dolomite and chert, oolitic, Prairie du Chien facies _____ : _____________ , _______ ,. 1400 

' " 'GLADBROOK, TAMA COUNTY 
(Altitude 850 feet) 

The city well of Gladbrook was completed in 1914 by E. A. 
Ford of Marshalltown. The depth is 828 feet and the diameters 
are 10 and 8 inches. The capacity of the well is 125 g.p.m. The 
well is cased with 10 inch pipe to 168 feet and wi~h 8 inch pipe 
from 160 to 412 feet. 

Driller's Log 
DEPTH, FEET 

W~sconsin and Kansan drift ___ _______ ______________ __ ___ ____________________________________________________ '0-168 
Mississippian lime, solid _____ _________ : ________________________ __ , ____ _______ __ __________________________________ 168-258 
Mississippian lime and shale __________________________________ ____________________ ________ _________________ 258-400 
Devonian lime ___ __ : ____ ,___________________ ____________ ________________ ________________________________________________ 400-685 
Silurian lime ____ ___ ___ _________________________________________________________ ____ ________ _____ :________________________ 685-828 

GLENWOOD 
(Altitude 10~1 feet) 

,CITY WELL NO. 2 

, . 

In April, 1925, a well now about 2200 feet deep, was begun by 
the Layne-Bowler Chicago Company of Chicago., The' diameters 
are, from 16 to 6 inches. ' The city officials state that the official 
test of the well, when 1990 feet in depth, showed that the well 
could produce about 60 g.p.m., about the present yield of -each of 
the two deep wells at Glenwood, the city well and that of the In­
stitution for the Feeble-Minded. As the contractors had agreed 
to bring in a well producing 200 g.p.m.; the city refused to accept 
the well and brought suit to recover $14,000 advanced to the 
company. The company later ' drilled some 200 feet deeper, with­
out success, so far as knoWn; and it is ' stated that'no appreciable 
work has been done. since 1926. , 

This instance illustrates the unwisdom of contracts guarantee-
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'ing 'a certain supply, even "where a geologist would be reluctant 
to assume any financial risk in the case. ' '51 . 

, Even in well exploited artesian fields the utmost which the con­
tractor should guarantee is good materials and workmanship. 

, Ariy guarantee of a specific amount of water is specially unwise 
and should never be asked in areas whose deep geology and water 
resources are little known. The best that can be said ,of such 
contracts is th~t they tend to distribute the cost of occasional 
failures to the entire clientele. 

The following data as .to w;:tter were supplied by the late Seth 
Dean, city engineer. 

Depth 
15 

,75-80 
, 525 

630-640 

1065 
1090 

, 1150 
1305 
1345 
1600 
1670 

Water B eds in City Well No. e, Glenwood 

Formation ' Capacity, g.p.m. 
Blue clay ................................... . 
Sand and gravel........................ 29 
Shale (Pennsylvanian), cased 

out ....................................... . 
Sandstone (Pennsylvanian), 

cased out .............. !.: .. :.......... 33 
Sandy limestone, cased out ..... . 
Sandy limestone, salt water 

rose from 165 to ............... . 
Hard limestone ......................... . 
Mississippian ............................. . 
'Limestone ..................... , ............. . 
Sandy limestone ....................... . 
Sandy limestone ................ :....... 85 

Head below Draw down, 
curb, feet feet 

15 
38 26 

200 
125 

140 
133 
120 
115 
i5 
67 93 

. In the above table the formations are assigned on the basis of 
the section of the. first deep well of Glenwood drilled in 1891,52 
In this well the Mississippian, reached at 1235 feet, extended 
probably at least to the base of a heavy shale at 1644 feet. The 
remainder of'the well, 2000 feet deep, was attributed to the Silur­
ian, because of the presence of gypsum from 1941 feet to the bot­
tom, with the possible exception of some upper iimestone which 
~ay be 1?evonian. 

GOWRIE, WEBSTER COUNTY 
, '(Altitude 1197 feet) 

, A deep well,'fot the town of Gowrie was completed in March, 
1926, by the Thorpe Brothers Well Company of Des Moines. 

51 Norton, W. H" Artesian wells of Iowa, Iowa Gaol. Survey, vol. VI, p. 418. ': ' 
• 52 Underground Water Resources of Iowa: Iowa Geol. Survey, vol. XXI, pp. 118.9, ,1140, PI. 
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GOWRIE CITY WELL 

The depth is: 1842 feet and the diamet~rs range from 16 to 8.inch­
es: W ater ~as found ,from 500 to 600 feet in Mississippian lime­
stones b,ut the principal supply was struck from 1700 to· 1785 feet 
in the Saint Peter and Upper Shakopee and at the bottom of the , 
well. The static level is 81 feet from the surface. 'With the 

, pumping cylinder set at 150 feet the pumping capacity isL 300 
gallons ,per minute. The cost of the well :w~s $16,673. ' 

t . ' ~ 

Ca8~g 

' Diameter Length Depth of bottom 
in inche's in feet ' in feet 

16 182 182 
12 ' 210 385 
10 106 86p 
8 226 1300 (1st line) and 1678 (2nd line) 
6 20 1693 

Record of Strata 
. ,:1 

DEPTH IN FEET 

Pleistocene and Recent (160 feet thick;, top 1139 feet" ·above sea level) : 
Clay, brownish yellow, sandy, noncalcareous, with pebbles of drift, 

grass roots at 80 feet; IS samples :........................................................ 0-130 . 
Clay," as above, some masses of soft, decayed, buff limestone .................. 140,150 

. pe:iJ.'nsylvanian (230 feet thick; top 984 feet above sea level): .. " 
, Shale, hard, blackis~ coaly on surface, 3 large chips ......................... ; .... ', . 160 

Shale, blackish and arab; 13 samples ........................... _ ............................. 170-310 
Shale, blue and light blue'gray, calcareous, in moulded masses'; at 350 

feet when washed gives chips of soft, gray, earthy, argillaceous 
, limestone; fine·grained sandstone; gray flint; pyrite; and ,some 
coarse grains of reddish silica 2 to 3 mm', in diameter ; 7 samples 320-380 · 

.Mississippian (420 feet thick; top 749 feet above sea level) : ' 
: Limestone, light yellow-gray, very soft and friable, macrocrystalline­

earthy, 'in large flakes; rapid effervescence in cold dilute HCl __ .. ,_ 
Chert, blue-gray, in large chips; some limestone, gray, fine· grained, 

rapid effervescence _ ................ ___ ................... __ ...... _ .......... __ ..... _: .. ___ .......... . 
Limestone, buff, rapid effervescence, hard, fine-grained; shale, olive 

colored, noncalcareous, large chips .. ___ .... __ ...... _, .. __ .... _ ...... ______ .......... _ .. . 
Limestone, as above _ .................................. : ..................... _ ... ;:., ....................... . 
Limestone, light yellow-gray, encrinital; some limestone, hard; blue-

gray ..................................................................... _ ..................................... .. 
Limestone, cream colored, soft, earthy; limestone, gray, earthy, 

speckled, hard, pyriti£erous; chalcedony, blue· gray .......................... .. 
Limestone, yellow-gray, ~oft, earthy, with sporadic calcite crystals; 

some oolitic limestone; some yellow gray calcilutite; some shale .. :. 
Limestone! b~~, finely crystalline; yellow-gray calcilutite; gray chal- . 

cedonlc slhca ........................................................... _ ........................... ! . ..... ' 

,. 'Chert, blue· gray ; chalcedonic silica, gray; limestone, light yellow-gray, 

390 

400 

410 
420 

430 

440 

450 

460 

· clVstalline ...................... , ............ _ .......... _ .. _ ................ : .............................. 470, :480 
Limestone, blue· gray, 'light yellow-gray and mottled, soft, macro crystal-

line ............................. _ ......................... , .................................. _ ............... ;... 490 
Limestone, ,whitish, macrocrystalline-earthy, soft, large flakes' ........... ;.... . 500 
Shale, drab; limestone, yellow· gray, mottled; white chalcedonic silica 510 

· Limesto~el light yellow-gray, soft, coarsely crystalline .... , ........... : .... :.:.... : .:520 
Limes.tone, light yellow· gray, ' fine'crystallipe, , rather . . slow reaction; , ,-

· some as .. above, l'apid reaction :,.::_ .. : .. 0 ... ,: ...... :.':.1.: ... : ........ : .. : .... : ........... ,530,'540 
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Limestone, whitish, oolitic, response rapid, in large flakes ..................... . 
Chert, blue· gray ; some yellow·gray limestone of rapid effervescence ..... . 
Limestone, light yellow· gray arid whitish, coarse crystalline'granular, 

some oolitic at 570; 3 samples ........................................... _ .............. __ ._. 
Limes.tone, yellow-gray, nne crystalline-granular, rapid effervescence ___ _ 
Limestone, light yellow-gray, coarse crystalline-granular, some oolite __ .. _. 
Limestone, light yellow-gray, cherty __ .. _______________________________ .. __ . _________ . ________ _ 
Limestone, light yellow-gray and br,ownish, finely granular ____ .. ______ . ______ . 
Limes,~~n~, ,light yell?w-gray and whitish, macrocrystalline'ea:t:thy, oolitlc In large chips ________ . _____________________________________________________________________ _ 
Limestone, yellow and, blue-gray, in sand __________ . ____ . ________________ . _______________ __ . 
Limestone"light yellow-gray and whitish, oolitic; some drab shale ________ __ 
Limestone, light yellow-gray, 'nnely granular; some large chips of 

coarse grained limestone __________________ . ____________________________ __ ____________________ _ 
Dolomite or magnesian limestone yellow-gray, nne cr'ystalline, slow ef-

fervescence, in medium sized chips . ___________________________________________________ _ 
Limestone, light yellow-gray and whitish, coarsely crystalline, rapid reaction ____________ . ___ _______________________ _____________ __________ ______ . ___________ ______________ __ ____ _ 

Limestone, light blue-gray and yellow-gray, nnely crystalline-granular, 
rapid effervescence, in coarse sand __ . ___________________________________ . __ . ____ . __ ____ __ 

Limestone, blue-gray and yellow-gray, crystalline, rapid reaction, with 
considerable clayey powder; 3 samples _____________________________ _______________ _ 

Limestone, as above, some 'nne quartz sand and :flint ____________ . __ . ______________ __ 
Shale, light blue, plastic, calcaJ;eous; ' 5 samples . ________________________ . ______ ______ __ 

550 
560 

570-590 
600,610 

620 
630 
640 

650 
660 
670 

680 

690 

700 

710 

720-740 
750 

760--800 
Devonian to Galena-Platteville inclusive (850 feet thick; top 329 f eet above 

sea level) : , 
Limestone, blue-gray, nnely crystalline; some yellow limestone of slow 

effervescence; mottled flint; argillaceous powder ____________________ . __ . ____ __ 
Limestone, blue-gray, rather rapid reaction ____________ . ______ . __ . ___________________ __ 
Limestone, buff and light blue-gray, crystalline-granular, rather slow 

reaction, cherty ___________ ... ____ . __ ... __ _____ . _________ ,_. _________ ____ .. ____ .. __ . _________________ .... 
'Limestone, blue-gray, nne'grained,-rather rapid response to acid _________ . 
Limestone, light buff· gray, coarser grained tnan above, rapid reaction 
Limestone, light buff-gray, nne-grained, rather rapid effervescence; some chert __ . ____________ . __ . __________________________________ __ ____ ________________ ______ . ______ , ________________ __ 

Limestone, gray, nne'grained, effervescence rather rapid; gray flint __ __ 
Limestone, yellow and blue·gray . ____ . __ . __ . __ ______ . __ . __ . ____________________________ . _______ . 
Limestone, magnesian, or dolomite, light and dark gray, slow effer· ' 

810 
830 

840 
850,860 

870 

880 
890,900 

910 

vescence, some rather rapid; , 4 samples ________ . ______ . ____ . ____ . __ . ________ . _______ 920-950 
Limestone, light gray and buff, mostly of rapid effervescence; much 

argUlaceous powder ______ _____ . ____ . __ . __ . __ .. __ .. ________ . ____ . _______ . __ .. ______ . ____ .. _______ . ___ . 
Limestone, light gray and olive gray, very nne· grained, rather slow reo 

action; yellow gray, rapid effervescence; some shale, light blue· 

960 

green, calcareous .. __ . __ . __ . __ . ____ .. __ ._. _________ .. ____ ... :. __ . _______ .. ___ . ____ . __ . ____ . _____ ... __ . 9'70, 980 
Limestone, gray, rapid response, some bI'ight yellow, very nne-grained, 

slow; shale, drab and blue __________ . ________________________________________ . ________________ __ 990 
Limestone, yellow-gray and drab, mostly rapid reaction; blue and 

blackish shale; cinders at 1030; 6 samples ______ __ __ . ______ . ______ . ____ . ______ . __ .1000-1050 
Limestone, light gray and yellow, compact, nne-grained, rapid response; 

some white chert; some limestone in smaller chips of rather slow 
effervescence; argillaceous powder concreting whole into rather dif· 
ficultly friable masses __ . __ . _____________ . ___________ . _______ .. ____ .. __ . _____________ . __ . __ . ______ 1060, 1070 

Chert, gray and whitish; some limestone of slow response; 3 samples ____ 1080--1100 
Limestone, light gray, both slow and rapid effervescence ________ . ____ . ____ . ____ 1110, 1120 
Chert, blue-gray; some limestone, slow reaction __ . __________ . _______________ :_________ 1130 
LimestonE}, blue· gray, argillaceous, rapid response to acid" highly aren-

aceous, grains fine, ill-rounded __ . ______ . ______ . __ . ______ . __________ . ______________________ . 1140 
Limestone, blue-gray, argillaceous, rapid effervescence __ . ____ . ______________ ._____ 1150 
Limestone, blue-gray, some whitish, response rapid; some dolpmitic _____ . 1160 
Chert, gray; some dolomite, light gray, a little limestone ________ . _______________ 1170, 1180 
Limestone, blue-gray, encrinital, rapid response; some light blue shale__ 1190 
'Limestone, nnely crystalline, rapid effervescence _____ , _____________________ . __________ ._ 1200 
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Limestone, buff-gray, fine-grained, rapid, reaction, some whitish, coarser, 
. crystalline, rather slow; some light blue shale, pyritiferous; 1l 
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samples ____________ _______________________ ___________________________________________________ __________________ 1210-1230 

. Limestone, light buff-gray and whitish, crystalline:granular, reaction 
rapid; some light blue 'shale; 3 sampl~s ______________________________________________ 1240-1260 

Limestone, light yellow-gray ·and whitish, crystalline, rather rapid ef-
. fervescence; limestone, blue-gray, macrocrystalline.l argillaceous ___ _ 1270 

Limestone, light yellow-gray, response . rather slow; ana blue-gray lime-
stone of rapid reaction ____ __ _____ ._. ___ __ ____ . __________ __ ____ . ________ ; ____________________ :.1280, 1290 

Limestone, whitish, crystalline, rather slow reaction, some gray and 
rapid, some blue-gray, finely laminated, siliceous; considerable shale ___________________ .. ________ . __________________ __________________ . __ __ _______________________________ _____ _ 

1300 
Limestone, yellow, rather rapid effervescence; wh,itish, rapid, and blue 

gray, rather slow reaction ________ ______ . ___ _______________________ __ ________________________ _ 1310 
Limestone, gray of vario~s tints, some ~apid reaction, some slow in same 

sample; 12 samples ___________________ . _________________________ __ ______ ___________________________ 1320-1430 
Chert and dolomite, gray ________________________________________________________________________________ 1440 

Dolomite, light yellow-gray; some limestone of rapid response, in larger chips , ___________________________________________________ . __ ______________ . _____ , __________ : ________ 1450, 1460 
T .. imestones, gray, ·rapid and slow response _________________________________________________ 1470, 1480 
Dolomite, light ' gray, compact, fine-grained, in small chips; some chert; 

some gray limestone of moderately slow reaction; 17 samples ___ : ____ 1490-1650 
Glenwood shale (40 feet thick; top 521 feet below sea level)-

. Shale, blull-green, some drab, fissile, in moulded masses; 4 samples ______ 1660-1690 
Saint Peter sandstone (60 feet thick; top 561 feet below sea level)-

Sandstone, white, clean, rounded and frosted grains up to 0.8 =. 
diameter; some fissile green shale; 6 samples ___________________________________ 1700-1750 

Shakopee dolomite (penetrated 30 feet)-
Dolomite, gray, much quartz sand and shale as above; 4 samples ________ 1760-1790 
No samples, to bottom of well ___ . ____________ .. __________________ . _____________________________ ____ __ 1800-1842 

Driller's Log 
DEPTH IN FEET 

Yellow clay _______________________________ ,_______________________________________________________________________________ 0-62 
Sand _________ ___ __ __________________________ ________________ ___ ________________ ______ _________________ ___ ___________ ___________ 62-66 
Yellow . clay _______________________________________________________________ : _____________________ _______________ .________ 66-155 
Red shale ____________ . ___________________________ ______________________________ , _________________________ ________ ________ 155-166 
Black shale ______ . _____________________________________________________________________ __ ________________________________ 166-175 
Gray shale ____________________ __ , _______________________________________________ ______ _____________________________________ 175-310 
Shale and lime ____________________ . ______________________________________ __ : _____ ______________________________________ 310-385 
Lime ____________________________ __________________________ ____ _____________________________ _____________________ • _________ :___ 385-750 
Gray shale _____________________________________________ ____ ______________________________ ___________________ __ ______ ____ 750-790 
Lime _________ ______ ________________ _____________ _________________ ___ _____________ __ ___ _______________________________________ 790-1200 
Broken lime ________________________________________________________________________________________________________________ 1200-1203 

~:l~ ::::::: ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::~::::::::::::::::::::::::::::::::::::~::=:::i~~t i~~~ Lime _____________________ _____ ________________________________________ ____ _________________________ _______________ __ __ ________ 1284-1650 
Blue shale __________________________________________________________________________________________________________________ 1650-1685 
Sand ______________________ _____________________________________________________________________________________________________ 1685-1735 
Lime and sand ______________________________________________________________________________________ ____ ______________ 1735-1785 
Sand _______________ ________________________________________________________________________________ ___ _________________ ________ 1785-1842 

Notes.-It is quIte possible that the boundary between the 
Pennsylvanian and the Mississippian should be drawn at the top 
of the blue shales from 320 to 380 feet, instea:d of at their base. 

The shale from 76Q to 800 feet is assumed to define the frontier 
between the Mississippian and the Devonian. 
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The limestones which extend almost without a break from the 
top of the Devonian at 800 feet . to the Glenwood .at 1650 feet 
present no' clear formational characteristics.. The shale of the 
driller's log at 1280 and the siliceous' limestone at 1300 are prob­
ably to be included in the Maquoketa, which here, as at Fort 
Dodge, seems . to be represented largely by limestones instead of 
shales. Probably the· lower 220 feet, at least, of this run of lime­
stone is Galena-Platteville. , 

The mixture of limestones -of various reactions to acid, and the 
presence of sha~e in limestone cuttings probably is due. to falls. 

The elevat~on.of t.he Saint .Pete~ sandstone, 561' feet below sea 
level, is somewhat above that of the forecast of the report of 1912 
(Map, Plate I), which placed 'it at a, little mQre than 600 feet. be­
low this datum. 

'Mineral Content of City Well, GOW7'f,e* 
" ' P.P.M. 

Bicarbonate .. __ : ________________________________________________ : ________ : _____ ___ 427.0 
Chloride . __________ .: ___ . _____ . _______ _____ __ _____ _____ __ _____ . _________ . ____ ~______ 14. 
Su1£;tte ______________________ . ______________________________________ . _________________ 208.1 

.. Silica __________________ .. ________________________ ______ ____________________ .... ____ .. _ 15.8 
Fe,O.+Al,O. · ... : .. _ .. _ .. ____ .... _ .. : .. ____ ... :: __ ........ _ ....... ____ .. ______ ... 3.6 ' 
Calcium .... __ .. ___ . __ ..................... _ ..... _ .. _ ....... _____ ........ ______ .<.... 93.6 
Magnesium .. __ ....... _______ .. ___ .. __ . _____ . __ ...... ____ .. _______ .. _.___________ 53.2 
Na + K as Na ____ ...... _ .. ___ .. ______ .. __ .: .... __ ... ______ . ____ . __ .... ____ ... _. 52.0 

Total . solids . __ ~ ___ :~ ________ ..... ____________ ..... ___ : __ ,--...... --... ----- 65? 7 

GRAND JUNCTION, GREENE COUNTY 
(Altitude 1099 feet) 

The city well at Grand Junction was drilled by Thorpe Broth~' 
ers Well Co., of Des Moines,being completed December 26, 1925 . 

. . It is 320 feet deep and is cased with 12 inch pipe to 105 ~eet and 
with 10 inch pipe from 100 feet to 250 feet, 6 inches. Static level 
.of the~ater is 15 feet below the surface. In testing the well the 
pump was set 40 feet, below the surface and it pumped 150 gal-. 
~ons per minute for 24 hours~ 

Driller's Log 
. : TmCKNESS 

FEET 

47 ' 
53 · 

150 

Clay _______ . ____ .. _____ . ____ . _____ .: __ ~ ___ :_: __ :: ___ :. _______ : _________ : _________ • _______________ : .. __ __ 

~:~~, ~tr:dd __ ~~~~_~::::::::::::::::::::::::::::::::::::::::::::::::::~:::::~::=::::::: 
Rock ___ , _______________ :_. __ ____ .. _____ ... ________ ; __ :. __________________ :.; __________ . ___ :. __ .. :. __ .. 24 
Sand rock __ ... _. __ ._ ... ____ . __________ ~---'-.,----... ,~--.. -----.. --:-,---.... - ;-.-.: __ , ....... __ 46 

DEPTH 
FEET . 

47 -
roo ) 
250 
274 

.3~0 : 

* Analysis by Dr. Harry F . Le.wis, Chemical Laboratory, Cornell College, -Mount Vernon, 1927. 

• 
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ARTESIAN WELL AT GREENFIELD 

'GREENFIELD 
(.tI.ltitude 1370 fe.et) 
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The deep well of the city of Greenfield at the close of"1928 had 
been drilled by Layne-Bowler Chicago Co. to the depth of 2505. 
feet. The diameters are from 20 to 8 iriches. The static level is 
505 feet from the surface, which may be compared with the head 
of the Stuart deep well, 350 feet. Some water was found in the 
sandstone near the base of the Pennsylvanian and also at about 
1600 feet in Mississippian limestone. At 2130 feet, in the Silur­
ian, .according to press reports at the time, a water sandstone was 
reach,ed. "From all appearances the sand resembles the St. ' 
Peters sandstone, which is supposed to be one of the best water 
bearing strata of sand. The sand is a: solid for~ation and re­
quires no casing. It is fine in texture and white in color and was 
found after a stratum of very hard rock was penetrated by the 
drill. When first taken from the well it resembles sugar sand 
in texture and color but gets darker after it is exposed to the 
air." The samples submitted ~o this office, however, were al­
mo~t wholly of dolomite with some gypsUm and showed no par­
ticular resemblance to the Sairit Peter'. They were referred to 
the same horizon-Silurian-which yields a supply for the Des 
Moines deep wells. The Saint Peter was not reached after 375 
feet of deeper drilling and probably lies about 750 feet below the 
rock mistaken for it. The yield of this stratum does not seem to 
have be~n measured accurately, but to quote again from current 
press reports" This sandstone contains a large quantity of good 
water as test by the bailer revealed. Tlie water coming :UP with 
the bail~r was . clear and ' suitable for drinking ' purposes. The' 
water in the well "cleared" when this vein of sand was pene­
trate~, showing a good inflow of water. • • • The striking of this 
stratum .did not, however, raise the water level in the well, which 
still remains within 500 feet .of the top." . 

Tests made after drilling was stopped ~t 2505 feet showed a 
capacity. of 65 g.p.in. with the pumping cylinder at 600 feet. The 
report by city officials stated that it "pumps down to the cylinder 
and. remains there if not more than 60 g.p.m. is pumped". 

Casing was placed as follows: from the surface 20 inch to 207 
feet, 16 ~n:?h to 285 feet, 12 inch to 980 f~et a:nd .~O inch to 1260 
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feet; from 1534 feet' 8 inch to 1780 feet. The 8 inch casing 'was 
inserted to case out the Kinderhook shale and some of the overly­
ing limestone and shale. 

The latest report from Greenfield (Dec. 31, 1928) states that 
"the well is not completed and will probably be drilled to 3500 
feet. " 

MVneral aoolysis .(water belilJ1!ed to be entel'ing well at 1600 feet) 

GR:AI~S PER GALLON 

&~~1!ft~'i:~~':!~~i~~!~~~~~~~~~~~~~~~~~~~~~~~~~~~~:::~::::::::~~:~~~~~~~~~.::~~~:~~:~~::: Ill~~ 
Sulphate of lime ........................................................................................ 9.622 
Carbonate of magnesia ...... : ............... : .................................. ~ ...... ~............. 5.839 
Sodium and Potassium sulphates ., .........• ,.............................................. 82 . .195 
Sodium and Potassium chlorides ............................................................ . 6.800 
Loss, etc ........ , ....... , ....................... :.............................................................. 0.005 

Total mineral solids' .................................................................................... . 120.888 

RecQlrd of strata, Greenfield city wel~. 
DEPTH IN FEET 

Pleistocene and Recent (200 feet thick; top 13'70 feet above sea level) : . ' 
. Till, yellow, clayey, sand and pebbles of drift, in hard lumps; ·5 \ 

samples ...................................... , ................................................................. 20-120 
Peat, blackish and dark brown, infla=able, some fossil wood ..... : ........ 120-140 
Till, gray, calcareous, in hard lumps .......... ~ ................................................. 140-160 
Till, blue·gray, as above .................................................................................. 160-180 
Gravel, pebbles of drift up to 3 cm. diameter, With yellow clay suffillient ' 

. . to bind ............... ~ ............................................ _......................................... 180-200 
Pennsylvanian (1130 feet thick; top 1170 feet above sea level) : 
. Limestone, yellow· gray, crystalline· earthy, rapid effervescence in cold 

. dilute ReI; some drab flint;, in chips .................................................. 200-220 
Shale, drab and blackish .................... : ............................................................. 220-2'30 
Shale, dark gray, red and bluish gray; 3 samples ...................................... 230-290 
Limestone, drab, fossiliferous, in flaky chips, "lime shell 306·310" •..... 290-310 
Shale, red and gray ........................................................................................ 310-330 
Limestone, drab and gray, hard, fine· grained, fossiliferous, argillaceous, ' 

somewhat siliceous .................................................................................... 330- 340 
'Limestone, gray; drab shale ................................................... "...................... 340-360 
Shale, blue· gray and red, drab, greenish gray; 3 samples ....... ,: ........... :... 360-425 
Limestone, gray, earthy, fossiliferous; 2 samples ..... , ................................ 42Q-460 

, Shale, drab; cJiips of light gray limestone ................. : ............. : ................. . 460-465 
Limestone, light gray and whitish, some coarse granular, some cal· ' . 

cilutite ............................................................... _ ................................ : ........ 465-475 
Shale, drab,. with chips .of ;Light gray limestone ................................... : .... 475-500 
Limestone, very light gray, macro crystalline· earthy, soft ........................ 500-515 
Shale, gray and blackish ... :. ................. c ........................ : ...... :.·· ....................... 515-525 
Limestone, 'light yellow·gray, earthy .. : ..... , ..... , ....................... : ...................... 52t542, 
Shale, red ; 2 samples ...................................................................................... 54 580 
Shale, blue·gray, with chips of argillaceous drab limestone .................. : ... 580-600 
Shale red and blue·gray; 2 samples .............................................................. 60Q-(l40 
Lime~tone, light browitish gray, rather hard, fo's'siliferous .: .................... 640-645 

. Shale, blue· gray and dr'ab : .... :: .......... : .... : ...... ,. .................................. , ............ 645-665 . 
Shale, blue· gray ; limestone ............................................................................ 665-685 
Shale, gray .and drab; 4 samples .................................................................. 685-750 
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Limestone, gray, earthy, argillaceous .... c ............................. , ............... : ........ ·750-755 
Shale, drab; some coal; 2 samples ' ... _ ........ _ .......... _ ........................ _ ..... ~.. . .. 755-800 
Shale, blue· gray and drab; 5 samples ........... _ .................... _ .... _ ................. 800-895 
Limestone, yellow·gray, argillaceous, siliceous ... _ .............. _ ........ :._......... 895-905 
Shale, gray and drab; 4 samples ............... _ ....... :_ ....................................... 905-965 
Shaie, . blackish ~ ..... : ...... - ................ :.. ... : .................... ~ ... _ .. _ ........... ~ ...... _ ...... _... 965-985 
Shale, drab .................... : ................ _ ...............•...... _ .•.............. _ ..... _ .... , ...... , ...... 985-995 
Sandstone, gray, fine, grains of clear quartz, highly irregular .............. 995-1005 
Shale, gray and drab; '5 samples ....... : ....... : ............................ : ... :.. ............. : ... 10.05-11.00 
Shale, blackish; 2 samples .......................................... _ ...... _ ......... _ ... _ ........ ->.11.00-1138 
Sandstone, gray, irregular grains of clear quartz, larger about 0.5 min. . 
. diameter; 2 samples ......... L. .. : ................................. , ..... : ..... :.~ ... : ... _ ....... 1138-1163 

Shale, drab and· blackish; 4 samples . ....... , ........................................ _ ......... ,.1163-1235 
Sandstone, as at 1138 ......... _ ............................. : ........ _ ....... : .. _ ........... : ........ _.1235-1250 
Shale, gray, finely ' arenaceous, noncalcareous; .some white chert; · pyrite · 1285 

Mississippian (450 feet thick; top 40 feet above sea level) : 
Limestone, drab ' and gray, slow effervescence, argillaceous, slightly' ,. 

arenaceous; .considerable gl'ay and white che,rt; .sandstene, · drab, 
very finely arenaceous, calcareous ............... _ ................ _..................... . 1330 

Limestone, light gray, crystalline· earthy, soft, in flaky chips .................. 1350 
Shale, medium blue· gray, micaceous, pyritic, in hard lumps .................... . 1390 
Chert, brown and white; some limestone ... : ..................... _ .... _ .............. :.... 1468 
Shale, medium. blue·gray; in ,hard · ltpnps ....... , ............ : .................. , ............ ;. 1510 
Chert, white and brown; chalcedonic silica; some limestone; 3 samples .. 1525-1590 
Shale, medium blue· gray, in liard lufups ... : ..... _ .... _ .. : ....... _.~ ..... :................. 1600 
Limestone, blue· gray, . and: yellow·gray, rather slow effervescence; light _ 

gray chert; blue"gray shale; all in chips; 3 samples ......... -:-............. 1600-1640 
Limestone, yellow· gray, rapid effervescence; . 2 samples ........... _ ..... : ..... :.1680, 1700 
Shales (Kinderhook), light blue· gray, some brown at 1770; 6 ~amples .. 1720-1775 

Devonian (125 f eet (7) thick;. top 410 fe-et below sea level): .. 
Limestone, light yellow·gray, rapid e'ffervescence; 6' samples ... _· ......... c;1780-1860 

Silurian (and underlying formations ') : . . 
Dolomite, brown, in sand, a little quartz sand and chert; 'a flake or so 

of selenite or gypsum ............... , .................... , ........................................ _. 1905 
Limestone, buff in mass, rather slow effervescence, som~ ra:pid; a little . 

gypsum ............... _ .................................. c ... -............................................... 1925. 
Limestone, buff, rather slow reaction, some r~pid, in sand; cons~derable .. 

gray shale; 2 samples ....... : ... _ .... _ ...................... _ ................................... 1950, 1980 
DOlomite, gray and bUff.gray; 3 samples' ... _ .. ; .... : .... , ........... : ............ : ......... 2000-20dO 
Dolomite, brown, in sand; 3 samples ... _ ...... , ................................. , .... _ ......... 2079-2100 
Dolomite, light brown and gray, in fu:ter sand, considerable residue of . 

'gyp'sum i pyrite; gray chert i white 'clay; a . little quartz ~and· ; . 
. • 2 samples ., ..................................... _ ..................... · ................ : ........ _ ........... 2120-2140 
Dolomite as above, a little gypsum, some cryptocrystallirie silica ... _ ..... 2160, 2180 
Dolomite, drab and gray; some gypsum; pyrite ................. : ..... :................ 220.0. 
Dolomite, brownish; gypsum ................... , ....... _ .......... _ .......... _ .. ,................... 222.0 
Dolomite, brownish and gray nsypsum in whitish grains; gypsebus clay; 

2 samples ................. " ....................... _ .......... ~., .......... ., ........ · ........ : ................ 2240, 228.0 
Dolomite or magnesian limestone, rather slow effervescence, soit, dis· 

integr'ating under weak acid into ' crystalline finest grains, argil-
laceous residue; whitish. gypseo,us calcareous clay in soft chips ...... 2340 

Dolomite or magnesian limestone, rusted, disintegrating under weak 
acid into finest 'crystalline sand'; whitish gypseous 'clay __ ._ ........ ,.... 2355 

Dolomit.e/ gray, much q~artz san.d, fine . grains rounded, some secpndary 
enlargements ... _ ...................... _ .............. _.................................................. 238.0 

Limestone, light, gray, crystalline·~arthy, rapid efferv~scence, argil· 
laceous ... ~ ..................... t; .................. - ........... ....... _ . . _ .... .... . ......... . . .. _......... 2400 

. Shale, reddish, in concreted ' masses; white masses of limestone in pow·" 
der with fine quartzose residue, and a little gypsum ... _.,................... 2420 

Chert, white, and chalcedonic silica, considerable quartz sand in fine 
rounded grains; a little limestone of rapid effervescence ... _........... 2440 
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Dolomite, light gray and whitish; whitish cryptocrystalline silica, sand-
stone, fine, calcareous, larger grains well rounded ___________________________ :_ 2455 

No samples ______________________________ ,_J ___________________________________ : ________________ • __ c _________________ ?455-:-Jl505 

N o£.es.-The gray sa~dstoIies o~~urrip:g ~t..9r I?-El!ll' the base of 
the Coal Measures (1138 to 1163 feet and 1235 to 1250 fee~) may 
be compared with the similar sandstone found at the same, hor- . 
izon at Lamoni, Atlantic, Bedford and Glenwood_ This sand­
stone furn~shed more or. less of the meager yield of· the well, as 
the' casing was perfora;ted from 1138 ~o 1168 feet_ . " , 

The cuttings at 1285 are rather ambiguous and might be classed 
as Mississippian. But as the log records a black shale 1~ feet 
~hick at 1298, the:· top of the Mississippian isplacE~d. at 1330 feet, 
the depth of the first sample of typical Mississippian facies. 

The s'amples of shale from 1720 to 1775 feet are Kinderhook 
in aspect and stratigraphically. 'With these assignments the 
thickness of the Mississippian foots up 450 feet, with which may 
be compared the thickness of the Mississippian at Lamoni, 453 

. feet, and .at Des Moines (Wood Bros. well) 450 feet, at Atlantic · 
probably at least 4.20 feet, and 405 feet, at Stuart . 
. . The limestones from 1780 to 1905 feet thus fall to the Devon­

ian. The .dolomites and limestones from 1905 to 2455 feet may 
be referred with plausibility to the Silurian on account of their 
position and their gypseous content. . The thickness given the 
S.ilurian-it car,ries through to 2455 feet-is thus 550 feet, some- . 
thing less than at Bedford, where it shows much more gypsum, 
and a little thicker than at Des Moines . 

. Drilling was stopped at 2505 feet on account, in part at least, 
of mechanical difficUlties arising from the loss of tools at the bot­
tom of the drill hole. 
, The Saint Peter sandstone, it is inferred, was stiil several hun­
dred feet below . . At. Stuart the distance from the top of the Mis­
sissippian to the top. of the Saint Peter sandstone is 1561 feet, at 
Nebraska City 1763 feet; at' Council Bluffs the Saint Peter had ' 
not been reached 1425 feet .below the same datum. On the scale 
of the Stuart well the Saint Peter would be found at Greenfield . 
~t 2891 feet from .the surface; 1521 feet .below s~a level, and on 
~.~~ scale of the. Nebraska City well about 200 feet deeper. If the 
last s~mple. is at or near the, base of the Silurian, and the thick-

\. . . \ 
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-ness of .the Ordovician above the 'Saint Peter sandstone be given 
a minimum of 300' feet, the Saint Peter sandstone would lie ~t 

:2755 feet from the surface ,or 1385 feet qelow .sea level. 

Driller's log 
/ . 

DEPTH IN FEET DEPTH IN FEET 
Yellow clay ..................... _........... 0-120 . Limestone .................................... 895-905 
Black mud .... _, ............. _ .......•....... 120-140 
'Blue shale ..... : ... _ ......................... 140-180 

Gray shale .................................. 905-920 
Mottled shale .............................. 920-1020 

Yellow clay ................... : ...... : ....... 180-200 
White limestone, medium soft,. 200-220 

Gray shale ............................. : .... 1020;-1080 
Pink shale ........ , ..... :_, .................. 1080-1100 

Black shale .... : ........ _ ...... _........... 220-230 
Mottled Clay' : .................... :.. .. : ....... 230-250 
Red shale ...... : .............. _ ............... 250-270 
.Blue shale , ····· .................... , .. ' .. "r ... , ,270-290 
Blue shale and lime· shells, soft 290-310 
Red shale ' .~ ........... ~ .. _ .............. : .... . 310-330 

Black shale ........... ,,-..; ................ ,.1100-1138 
Sandstone ................................... :1138-11{!.3 
Black shale ... _, .... , ....................... 1163-1235 
Sandstone, 'soft .. ,..~ .......... _ ...... :1235-1265 
Black shale ... _ ............................. 1265-1280 
So'ft sandstone ......... _ .......... _ .... ~280-1295 

White lhriestone ...... : ............ ,._ ... 330-340 
Blue shal~ ; .. ;:-..... .' .......... " .......... ,.. 34,~380 
Gray shal.e ......... , .... .-...... _............. 380-425 
Gray limestone .... _ ................... :... 425-460 

Black shale ....... : .......................... 1295-1310 
Shale and sand .......................... 1310-1330 
Lime ................................... : .......... 1330-1350 
Gray shale .. : .................................. 1350-1390 

Green s~~le ........................... : ...... 460-465 ; 
White lImestone ............... _ ......... 465-475 

Lime .............................................. 1390-1395 
,Sandy . shale ................................. 139s:-1465 

Blue .shale .................................... 475-500 Lime .............................................. 1465-1500 
White lillie'stone :.~ .................. : .... 500-515 . Shale · ... ~ .... : .............. ' ......... : .......... 1500-1510 
Black shale . ......... _ .. __ .... : ... _ ........ 515-525 Lime ... _.: .................. _ ................... 1510-1570 
White limestone .......................... 525-542 
Black sha:Ie .................................. 542-545 

Gray shale ...... : ....... , ........ _c •.••••••••• 1570-1640 
Lime ......... _ ................ _ ................. 1640-1720 

Red shale ............... _ .... _............... 545-580 Shale ........... _ .............. _: .............. 1720-1785 
Blue shale : ........ _ .... _ .... :.T ..... :;;. 580-600 
Red shale, ....................................... 600-620 
Blue ,shale ... _ .... _ .... _ ...... _ ..••....... 620-640 

Brown lime ................................ 1785-1790 
Shale .............. :_ ........................... 1790-1800 
Hard lime .................................... 1800-1880 

Limestone ................... _ ........ : ...... . 640-645 Lime .....................•..... _ ................. 1880-1890 
Blue shale ............... _ ................... 645-700 
Mottled shale ... _ ............... :_....... 700-750 
Gray limestone ... _: ... _................. 750-755 

Sandy lime ....................... _ ......... 1890-1900 
Brown .lime .............. : .................... 1900-1930 
Hard lime .................................... 1930-2080 

Mottled shale ....... _..................... 755-780 Brown lime .................................. 2080-2108 
Blue shale .................................... 780-820 
Gray shale ............... _ .... _ ....... : ... 820-875 

No record, except about 4 feet 
of shale at 2445 ................ 2108-2505 

Mottled. s?-~le ................ ; ............. 875-895 

GRINNELL 
(.&.ltitude 1007 feet, C., B. I . <t P. By) 

CITY WELL NO.5 . -
< .'rhis well, drilled 'in 1920 by. the ~horpe Brothers Well Com­
pany of Des Moines, is 2000 feet deep and its diameters are 'from 
16 to 8 ·inches. The principal supply was found at 1800 feet in 

: fh~ ,~h.a:i{Qpee dolomite; 'other water beds were encountered at 
1500 feet .in ~he Galena ~nd '~t 1~00 feet in the New Richmond. 

The ·s.tatic level is 250 feet belovy the surface. The capacity 
;under the air lift is 120 gallons per rp.inute but continuous pump-

. . 
t . • ~ .... • . ', ' I :_ 1 
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-ness of .the Ordovician above the 'Saint Peter sandstone be given 
a minimum of 300' feet, the Saint Peter sandstone would lie ~t 

:2755 feet from the surface ,or 1385 feet qelow .sea level. 
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Yellow clay ..................... _........... 0-120 . Limestone .................................... 895-905 
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Blue shal~ ; .. ;:-..... .' .......... " .......... ,.. 34,~380 
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Lime .............................................. 1390-1395 
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White lillie'stone :.~ .................. : .... 500-515 . Shale · ... ~ .... : .............. ' ......... : .......... 1500-1510 
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Black sha:Ie .................................. 542-545 
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< .'rhis well, drilled 'in 1920 by. the ~horpe Brothers Well Com­
pany of Des Moines, is 2000 feet deep and its diameters are 'from 
16 to 8 ·inches. The principal supply was found at 1800 feet in 

: fh~ ,~h.a:i{Qpee dolomite; 'other water beds were encountered at 
1500 feet .in ~he Galena ~nd '~t 1~00 feet in the New Richmond. 

The ·s.tatic level is 250 feet belovy the surface. The capacity 
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ing draws , down the head 100 feet. The cost of the well was 
$32,692. ' 

-Samples of the cuttings were carefully saved and the following 
description by 'Lees (somewhat abridged) corroborates the rec­
ords of the earlier city wells.ss 

Record of Strata 
DEPTH IN FEET 

P leistocene : . , 
Sand and gravel, some limestone fragments, to one-half inch diameter , 

some quartz and greenstone grains. Possibly represents both glacial 
gravel and bed rock ____ . __ ........... __ .. ____ ! .. __ . __ . __ .. __ .. __ .. __ . __ .. __ . ___ . __ ... ______ ...... __ . 2'0'0-21'0 

Mississippian : ' 
Saint Louis limestone and Osage shale-

Limestone, gray, in fine powder concreted in sample; some clayey 
residue ; 2 samples ... , __ . __ ..... ____ . __ . __ ... __ __ ___ . __ . ____ ___ __ _____ __ __ __ ____ __ __ . _____ . __ . . 210-23'0 

Limestohe, light gray, finely crystalline, sugary texture . __ . ______________ 230-24'0 
Limestone, dark gray; in fragments and powder ___ .. __ __ . ___________ ._. ______ 24'0-25'0' 
Limestone, dark gray, in fragments and powder, some dark clay ____ 250- 26'0 
Limestone, similar to above; 5 samples ____ . _____ ____________ .' ___________ . ____________ 260-31'0 
Limestone, fragments of both light and dark gray, finely sugary 

texture ____ . __ .. __ ... __ __ .. _______ . __ .. ____ . ____ !.. ••• ____ • __ •• •• • ____ __ __ • ••• • ____ • __ • _____ • •• • __ .~ __ ____ 31 '0-32'0 
Limestone, medium and light gray, in fine powder (at 37'0 also in 

small chips); 7 samples . __ .. _____ ... __ . ___ .... ______ . ____ ._. ____ _____ . ___ .. __ . ____ . __ ._. 320-39'0 
Kinderhook shale-

Shale, limy, darker gray than sample above, in very fine powder 
concreted into lumps __ __ . _____ ... __ . ______ . _____ . _____ . ______ . __ . ____ . ________ _ . ______ : __ .________ 390-4'0'0 

Shale, in finely gritty blue-gray powder, ready response to acid, but 
large residue of clay; 5 samples _____________ . ___ . __ __ . _________ ._. ____ __ __ . __ . _____ 4'0'0-45'0 

Shale, darker gray, in powder and chips . __ . ___ . __ . ___ ... _________ . ____ ._. ____ . __ ..... 45'0-46'0 
Shale, rather dark gray, hard, very little or no ,response to HOI; 

9 samples . __ . ________ . __ ____________ ___ . __ . _______ . ______ .. __ .. __ ._. __ ________ . ___ ... ___________ .. 46'0-54'0 

Shale, limy or sh'!tly limestone, medium dark gray, ready response 
to acid, but large clay residue ______ ___________ ________ . __ . ______________ . __ ._. ____ . 55'0-56'0 

Shale, medium dark gray, no response to acid _._. ________ . __ . _____________ . ____ 560-57'0 
Devonian : 

. Limestone, medium dark gray, shaly, finely gritty, large clayey residue; 
4 samples --.---------.".---.-----.----- ------.--.. ----- -______ . __ .. ___ ._-.--------------... -.c ••• ----.... 570-61'0 

Limestone, shaly, gritty, dark bluish gray, brisk response to acid, some . 
• clayey residue; 8 samples ._ .... ____ __ . __ .. ___ .... ____ __ ____ . __ .. _. ____ . ___________ . __ __ . __ . __ 61'0-69'0 

Limestone, dark gray, some hard chips, response to acid more brisk 
than above . ________________ ._. _____________ . ____ . __ .. ___ ______ . ______ ._. _________________________ ...... 69'0, 7'0'0 

Limestone, dark gray, in coarse powder and hard, fine·grained chips; 
9 samples (in finer powder at 77'0) ____ ._. ___ _ ... _______ .. __ .. __ . ___ ._ .. __ . ____ . ______ . 7'00-79'0 

Silurian : 
Limestone, light gray, in fine gritty powder, concreted ____ .. _______ .. ______ . __ . 790-8'0'0 
Limestone, rather dark gray, in coarse powder; 8 samples (some chips . -

at 81'0, 86'0 and 87'0, some :line powder at 84'0) . __ .. _____ . __ __ __ . __ . ____ . __ __ ... 8'00-88'0 
Limestone, gray, small chips, 'coarse powder; 3 samples _____ .. __ ._. ____ . _________ 880-92'0 
Limestone, similar to above; some soft white grains; 6 samples ___ . _____ . 920-98'0 
Limestone, dark gray, some light gray chips; 3 samples _______________ ... _____ 980-1'01'0. 
Limestone, lighter gray, much powder; gypsum in light blue-gray 

chips __ .............. __ ____ . ___ ...... __ ... ___ .. __ ...... __ , .. __ ..... _____ .. __ ......... __ ._. ________ ____ . ____ . __ .1 '0;1 0-1'02'0 
Limestone, light gray, rather fine powder, and small chips; gypsum . 

in light blue·gray chips ____ .... ______ ._ ... __ . ______ . __ . __ . __ __ _ ._. __ .... _____ . ____ . ____ ... ______ 1'020-1'03'0 
Limestone, light gray, in fine powder, concreted, brisk effervescence 

in cold acid; some small gr,ains of white and blUish chert _____ .. __ . __ ._1'03'0-1'04'0 
----

58 Under~ound Water Resources of Iowa. I owa GeoL Survey. voL XXI. pp. 580-582. 
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Limestone, similar to above, 'powder quite fine ......... _ ..................... , ........... 1040-1050 
Limestone, similar to above, . considerable clayey residue ........................ 1050-1060 
Limestone, light gray, with ' sbme chips of dark green shalef sample 

chiefly small chips; 5 samples ... _ .................. _ ..................................... 1060-1110 
Limestone, reddish, very fine· grained, much residue ......... _ ....................... 1110-1120 
Limestone, mixed light and dark gray chips, not so .much .reaction with 

acid .. : ............ _ ................................................................................ _ ........... 1120-1130 
Limestone, similar to above, brisk reaction to acid; 3 samples ..•...... , .... 1130-1160 
Limestone, dolomitic, fragments light gray, finely crystalline; 3 sam· 

pIes ... _ ........ _ ........................... , ........................ _ ............ _ .......... _ ............... 1160-1190 
Ordovician: 

MaquQketa shale-
Shale, dark gray, slightly limy; 24 samples (small fragments of 

pyrite at 1210, no response to acid at 1260, 1270, 1340, 1360, 
very limy at 1430, with lighter gray lime fragments at 1400· . 
1420) ................................... - ............................................................... 1190-1430 

Galena-Platteville limestone- . . . 
Limestone, dolomitic, brownish gray, finely granular powder, al· 

most completely soluble in hot acid; 6 samples ........................ 1430-1490 
Limestone, ready l'esponse to acid, light brownish gray and medium 

gray; 3 samples ............... _ .................. _ ................................ _ ....... 1490-1520 
Limestone, gray, dolomitic, considerable residue; ' 4 samples ... _ ....... 1520-1560 
Limestone, medium gray, ready response to cold acid; 3 samples .... 1560-1590 
Limestone or dolomite, no response in cold acid ............. _ ..... _ ........... 1590-1600 
Limestone, dolomitic, similar to above ................................................ 1600-1610 
Limestone, dolomitic, gray, granular texture .......... _ ................ _ ....... 161(}-1620 
Limestone, mingled light and dark fragments, fairly ready reo 

sponse to cold acid ............... _ ........... , .... _ .................. _ ................... 1620-1630 
Limestone, dark gray, in small chips and powder, veri ready 

effervescence in cold acid ............... _ ............................................... 1630-1640 
Shale, greenish, limy, fairly fine texture; some pyrite grains ........ 1640-1650 
Limestone, dark gray, in small chips and powder, ready response 

to acid; 2 samples ......................................................... _ ................. 1650-1670 
Limestone, lighter gray, finer texture than above · ............................ 1670-1680 
Limestone, similar to above, powder a little more gritty ......... _ ....... 1680-1690 
Shale, green, not limy, fine texture ....................... _ ............................. 169(}-1700 
Limestone, gray, in rather fine powder, ready effervescence in cold . 

. aci4 ... - .......... - ........................................................ _ ........................... 170.0-1710 
Saint Peter sandstone-

Sandstone, light gray, almost white, very fine grains, reaction with 
acid slight, not increased with boiling; 2 samples .................... 1710-1730 

Prairie, du Chien-
Shakopee dolomite-

Limestone, dolomitic, dark gray, slight reaction in cold acid, 
vigorous in hot acid; 5 samples ......... _ .............................. _.1730-1780 

Limestone. dolomitic, light gray, very fine· grained, consider· 
able fin.e sandy residue; 4 samples ..................... _ ............... 1780-1820 

Limestone, dolomitic, light gray, fine powder; 5 samples ........ 1820-1870 
Limestone, dolomitic, medium gray, coarser grained than 

above, considerable white sandy residue, sample in s~b· 
rounded sparkling granules; 2 samples ..................... _ ......... 1870-1890 

Limestone, light gray, ready effervescence in cold acid, large 
sandy residue ..................... __ .................... _ ............ _ ............... 1890-1.900 

New Richmond sandstone-
Sandstone, coarser and somewhat darker than sample above .......... 1900-1910 

. Limestone, cream colored, ready response to cold acid; sample 
similar to 1890·1900 ................. _ .................... _ ............................... 1910-1920 

Sandstone; sim~lar to sample at 1900 (This and the last ~ample 
may be reversed) ... :.. .... _ ...... _ .............................................. _ ........... 1920-1930 

Sandstone, small light gray sparkling grains ................................... , .. 1930-1940 
Sandstone, in fine sparkling grains, mixed light and dark gray; 

2 samples ................. _ ............ : ........... _ ............................................... 1940-1960 

f 

".I' 
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'Sandstone, light gray, larger g.rains than abj)ve ................... ~ ... : ......... 1960,.:1970 Limestone, . dolomitic, sarrdy, lighter colored. than sample above; . : I. 
( 

no response to cold acid; some fine sandy residue after tr;eating 
I .r, . with hot acid ... __ ... _ ........... __ ._ ... _ .... __ .. ____ ._. ___ .. _. __ ~ ____ .... __ ... : ... __ ..... _ .. ___ .1970'-1980 Oneota. dolomite--

{'"no 

.Liniestone, darker gray than sa)D.ple aQove, Me sparkling grains, . considerable response to cold acid, increased on heating, some . sandy. residue ....... L ..................................................... · ...................... 1980..:1990 Limestone,siniilar to sample at 1970·1980, small sandy.residue ...... 1990..,,2006 

Driller's Log* 
. I 

DEPTH IN FEET Pleistocene: ' 
.~~~f:ws~~ay·~::::::::::::::::::::::::::::·::::::::::::::::::::~::::: ::::::::::::::::::::::::::::::::::::::::::: ::::: Blue clay : ..................... : ............................. : ...................................................... . 
~t!~o:l:;,n~~m~la:r~;;i··::::::::::::':::·::::=::::::::::::~::::::::::::::::~ :::::::::::::::::::::::::::::::: Yellow clay and sand .............................................. : .................... , ................. . Mississippian: 

0-2 
2-25 

25-41 
41-90 
90-180 

180-209 

Saint Louis a.nd Osage-- . . , .Brokell hmest.o~e .............. ;.,., ............... , ................. : ................................. 209-214 Shaly limestone .............. : ................................. : ........ , .............................. 214-240 Limestone, harder ............................................................ ,....................... 240-246 Shale .............................................................................................. ::............ 246-248 Limestone ......................... :........................................................................... '248-256 Shale ...................................................... : ..................................................... . 256-268 Hard limestone .................. : .................................... _ ............. ; ................... 268-400 Limestone, sandy ...................................................... : ... : ..................... : ....... 400-411 Shale ....... 0 • • •••••••••••• : ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 411-425 'Kinderhook shale-:- . 
~ight blue shale ......... : ..................................... _ ..................................... 425-490 

; .' ~~:~:: .~;~~e~r;~~··::::::::~:::::::::: :::::::::::::::::·:::::::~:.=::::::::.::::::::::::::::::::::::::::: ~~t~~~ 
Dn~u: ". • Limestone, and shale streak ............................................................................ 567-594 . ( .. Shale ............ ~ .. ~ ............ : ........ ~ . : ...... : ......... !: ........... ~. ... .................... ...... ................ 594-601 Limestone ................................................. : .............. : ............................................ 601-630 

~~e~t~!:e~~ ... ~~ .. ~~~.~ .. :::::::::::::::::::::::::::::::::::~::~::::::::=:::::::::: ::::::::::::::::::::::=::::: ~~t~i~ 'Shale and lime .. : ............................................................................................... 713-734 Hard lime ......................................................................................................... : 734-750 Very har!i Fme ............. ,- .................................................................................... 750-774 Hard shale and lime ................................................................. _ ..................... 774-792 Silutian: 
t:::~~~:; t~~~:Ol.~~~.:::::::::::::::::::::::: :::::::::=::::::::::::::::::::::::=:~::::::::::::::::::::::: ~~~=~~~ Limestone, light color ..................................... : .............................................. 875-889 

~f;~rtg::l~: .. ~~~ .. ~~.~ .. :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ~~~=ii~2 Shale, reddish .................................................................................... : ............... 1112-1120 Limestone, sandy ............................................................................................ :.1] 20-1151 Limestone ......... : ........................... : .............................. : ....................................... 1151-1197 O,rdovician : " . Maquoketa shale- ... . ., Green shale ............................................ ~ .................................................... 1197-1220 

i. " . ~~~~~la~!hsh~i~··:::::::::::::::::::::::::::::::::::::::::::::::::==::::::::::::::::::::::::::=::::=:::i~~~= i~~~ 
1:' . ~tx:r~; . ~:l.·~:,::::::::::::::::;::::::::::::::;::::::·::::::::::::::::::::·::::::::::::::::::::::::::~::::;.::::i~'~~= i~~~ 
I .' .' * Geological interpretation 'by Dr. 'James H. Lees, Asst. 'State Geologist. 
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Lime, black ......................... , ........................ ~ ....................... , ........... , ......... 1283-1289 
Lime .rock, shale streak ................................ ,: ..... ~ ...... , ................. _ ......... 1289-1350 
.Shale and lime ............................... _ ...............................................•........ ,1350-136~ 
Limestone, some shale ................. , ........... : ............... _ ........................ _ ..... 1361-1407 

Galena·Platteville- " . 
Limestone ............... _ .........................................................•......................... 1407 -1560 

. Limestone, sandy, cuttings washed .................... , ................................. 1560-1595 
Limestone ................................. - ...•.............................. : ............... ~ .............. 1595-1649 
Shale, green ......................................... _ ........................................ _ ......... 1649-1652 
Limestone, "sandy ............. , ....... _ ............................................................... 1652-1690 
Shale, green ............................... _ ............................ _ ....•....... , .................... 1690-1696. 
Sandy lime ' ............................. _ ...................................... _ ......................... 1696-1698 

.Saint Peter- . . 
Sandstone ....................................................... _ ...... _ ................................... 1698-1730 

Prairie du Chien-
Shakopee- . . . 

Hard lime, sandy, cutting washed away ............................... .: ....... 1730-1769 
Limestone : ... ~ ..................................................... : ................................ :1769-1839 
Sandy lime and sandstone .....................................•........ _ ........ _ ....... 1839-1860 
Sandstone, cuttings washed away ... : ....... , ................. _ ................. :.1860-1868 
Limestone ............................................................................................ 1868-1902 

New Richmond- ' , 
• 4~ Sandstone ._ ........ _ ......................... ___ ... ___ .... _ ......... __ .... _ .. __ ... ___ .... _t .... __ ... __ . ..... __ ...... ___ 1902-1979 

Oneota- . ' , 
. Limestone, sandy ..................................................................... _ ....... 1979-1982 

Sandstone ........... _ ...... _ .................................................. _ .... _ .... _ ....... 1982-1986 
Sandy limestone ............... _ .. __ ........................................................... 1986-2006 

CITY WELL NO, 6, GRINNELL 

rrhis weli was completed in 1926 by Thorpe Bros: of Des 
Moines. ' The depth is 2500 feet, the diameters from 16 to 10 
inches, the latter diameter carried from 444 feet. The 'principal 
supply 'was found at. 1700 feet and other water beds were struck 
at 1900 and 2190 feet. , The static level is 258 feet below the curb. 
Continu.ous pumping with the air line at 635 feet lowers the 
water 35 feet. ThE) ~apacity of the well is 500 gallons or more 
per minute. Casing IS placed as follows: 16 inch to 300 feet, 12 
inch from 300 to 444 feet; 9 inch from 444 feet to 1700 feet. ' The 
cost of the well was about $501000. 

:Record of strata, City well no, 6, Grinnell 
,', 

:! ,.As, the section of this well parallels that of well no. 5" given 
above, to the depth of 2006 feet, the footing of the latter wen, 
o:rili.'th~ cuttings below that depth are described. 

DEPTH IN FEET' 

Oneota (120 feet thic~; top (at ,1970 feet') 942 feet 'below sea level) : 
. l1olomite, light cream color, vesicular" in chips ........................ : ................. 2000-2010 
;, Dolomite, . whitish, in fine . meal .................................................................... .2010-2020 

. Dolomite, .light cream color, in .. chips ............................................................. 2020-2030 
'Dolomiter brown,. graY', yellow:gray. and .buff, ,cherty; 4 sampl!lB ....... : .... 2030-2080 
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Dolomite, light gray and light buff, in meal, cherty at 2080, and from 
2110 to 2150; 10 samples ............................................................. , ......... 2080-2190 

Jordan sandstone (60 feet thick; top 1162 feet below sea level) : 
Sandstone, white, moderately well rounded grains" up to 0.7 =. 

diameter, with considerable dolomitic meal ........................................ 2190-2200 
Sandstone, light yellow· gray, dolomitic cement, larger grains 1 mm. 

diameter; in chips and sand ............................. _ ................................... 2200-2210 
Sandstone, white, larger grains 1.3 mm. diameter, well rounded, dolo· 

mitic cement ................................................................................... , .......... 2210-2220 
Sandstone, light yellow·gray, dolomitic cement, fine, rounded grains .... 2220-2230 
'Sandstone, whitish, fine, grains well rounded ............................................ 2230-2240 
Sandstone, whitish, somewhat dolomitic, grains minute, ill·rounded, 

larger grains well rounded ......................................... _ ... ~ ..................... 2240-2248 
'Sandstone, gray, dolomitic, finely arenaceous and quartzose; some 

rounded grains in cuttings, perhaps from above ................. , .............. 2248-2250 
Saint Lawrence, Trempealeau beds (110 feet thick; top 1222 feet below . 

sea level) ': 
Dolomite, whitish, soft, minutely arenaceous and quaftzose; some fine 

grains of well rounded quartz sand perhaps from above .............. :.2250-2254 
Dolomite, as above; dolomite, rown, hard, minutely quartzose ... , .. _ ..... 2254:-2261 , 
Dolomite, whitish, soft and gray; minutely quartzose .......... _ ................... 2261- 2263 
Dolomite, brown in mass, rusted; some highly arenaceous with fine well 

rounded imbedded grains ........................... ; ........... _ .........•................... 2260-2270 
Sandstone, dark gray, minute, ill·rounded grains, dolomitic, argillace· 

ous, pyritiferous, in chips ................................................. : .................... 2280-2290 
Dolomite, light yellow·gray, in fine sand ........................................ _ .......... 2290-2300 
Sandstone, gray, minute grains, dolomitic, in chips .......... _ .................... 2310-2320 
Dolomite, light yellow·gray, in powder and meal, minutely arenaceous 

and quartzose, with some lal'ger grains, argillaceous ..... _ ................. 2330-2340 
No samples ....................................................................... _ ............................... 2340-2350 

Saint Lawrence, Franconia beds (penetrated 140 feet; top 1332 feet below 
sea level) : ' 
Dolomite, gray, minutely quartzose; sandstone, gray, glauconitic, dolo· 

mitic ... _ .............................................................................. _ .. _ ................. 2350-2360 
Dolomite, yellow·gray and whitish; minutely quartzose, glauconitic; 

2 samples ................................................................................................... 2370-2390 
Marl, light blue.green, dolomitic, al'gillaceous, highly quartzose, some 

fine ill·rounded graiJ).s, some with secondary ' enlargements, glau· 
conitic ............................................. _ .......................... _ ............................... 2390-2400 

Dolomite, gray and whitish, in small chips, minutely quartzose, glau· 
conitic at 2410; 2 samples .............................................. , ..................... 2400-2420 

Dolomite, buff, minutely quartzose, quartz grains, as those of samples 
above, too small generally to polarize in strong colors .................... 2420-2430 

Dolomite, gray, finely arenaceous, glauconitic .......................................... 2430-2440 
Sandstone, minutely quartzose, dolomitic, glauconitic; shale light 
, . green, noncalcareous ................... _.:., ........................................... : ..•........ 2460-2470 
Sandstone, drab and gray in mass, minutely quartzose, dolomitic, glau· 

conitic, argillaceous at 2495; 4 samples ......................................... _ ....... 2470-2500 

Driller's log, City well'll<). 6, Grinnell 

DEPTH IN FEET 

Soil and clay ~ ................................. : ...... _ ................ _................................................. 0-48 
Sand ........................... _ .................. _ ........ _: ....... _ ................................................. ,..... 48-53 
Clay, blue .......................... ~ .................... : ................... _ .................. _ ............ _ ...... _... 53-197 
Shale ............................................................................................. _ ...... _ ............ _ ....... 197-199 
Hard lime ..... : ......... _ ................ _ .......................................................... _ .. ~ ... _ ........... 199-220 
Lime and shale . ................ , .................................................... _ .... _ ............. ~ ........ , ...... 220-248 
Shale, blue ................................. _ ...... _ .......• _ ....... _ ..........................•............ .-.......... 248-258 
Shale with lime ....................................................................... _ ............................... 258-268 
Lime rock ..................................... ,.. .... _ .................. ' .................................................... 268-399 
Lilne and shale ............................................................. , ..... , .............. , ....................•.. 399-414 
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Shale, light colored ................................... _ .... _ ....................................................... 414-490 
Shale, dark ................. _ .................. _ ...... _ ...... _ ...... _ ................................................. 490-530 

~~:: s~:~ ;h~i~··:::::::::::::::::::::::::::::::::::=:::::::::::::::~=::::::::::::::::::::::::::::::::::::=::::::::: ~~t~~~ 
Li,mestone ................................................... _ .................... _......................................... 592-620 
Shale with a little lime .......................................................................................... 620-706 

~:l~ .~.~.~~ ... :::::::::::::::.::::::::::::::::::::::::::::::::::::::::::.::::::::::::::::::::::::::::::::::::::::::::::::::::::: ~~t~~~ 
t::; ~~!:n .. :::::::::=::::::::::=::::::::::::::::::::::::::::::::::=::::::::::::::::::::::::::::::::::::::::::::::::::: ~:t~:~ 
Lime, white .... , ... :_ ............ : ...............................................................................•...... ,. 863-873 
Sand, shale and lime ......................................... :...................................................... 873-903 
Lime with small streaks of shale .......................................... , ............................... 903-1026 
Shale, light ............................................................................. _ ................................. 1026-1030 
Lime, sharp .................................................. : .............................. _ ............ _ ............... 1030-1077 
Shale, red ......... _ .................................................... _ ................................................... 1077-1079 
Lime with streaks of shale ............... _ ................................................................... 1079-1108 
Lime, sharp ................................................................................................................. 1108-1169 
Cherty lime, very hard ............................................................................................ 1169-1186 
Shale, green and light ............... _ .................................................... _ ....................... 1186-1221 
Shale, chocolate brown ............................................................................................ 1221-1264 
Shale, light and real hard ............................ ~ ......................................................... 1264-1321 
Shale, chocolate brown ................................. ,._ ................................. , ................. , .... 1321- 1363 
Shale, light and hard ........ _ ..................................................................................... 1363-1391 
Lime ............................................................................................................................ 1391-1638 
Shale ............................................................ : ....................•.. ~ ....................................... 1638-1643 
Lime, hard ................................... _ ................................ _ ......................................... 1643-1676 
Shale ............................. _ .............................................................. , ...................... : ....... 1676-1681 
Sandstone .....•............. _ .............................. _ .. _ ................................ _ ......................... 1681-1714 
Lime, J1ard ........... _ .................................................... _ .... :. .................. _ ..................... 1714-1768 
Lime rock, some sand ....................... _ ..................................................................... 1768-1914 
Sandstone, New Richmond ... _ ............................................................................... 1914-1968 
Dolomite ............................................................... _ ..................................................... 1968-2181 
Sandstone ................... _ .................................................. : ............................... _ ........... 2181-2233 
Dolomite with streaks of shale ........... _ ............................................................ _ ... 2233-2438 
Shale, light ......... _ ................... _ .......... _ .......... _ ........................................................ .2438-2443 
Dolomite ....................................................................................................................... 2443-2486 

GRUNDY CENTER • 
(Altitude 989 feet) 

A well 255 feet deep and 10 inches in diameter was comp1eted 
for Grundy Center in 1917 . by E. A. Ford of Marshalltown and 
pumped in 1922 80 g.p:m. The town also has installed an 8 inch 
well 360 feet in depth yielding 65,000 g.p.d. 

Driller's Log 
DEPTH IN FEET 

Clay ............... _ .............................................................................................. :.............. 0-161 
Shale ........................... : ...................................................•................................. _ ......... 161-171 
Rock ....... _ ...... _ ...... _ .................................. _ .......... !.................................................... 171-255 

GRUNDY COUNTY POOR FARM (Four miles southwest of Grundy Center) 

In 1925 a well was drilled for this institution by E. A. Ford of 
Marshalltown. and tested 25 g.p.m. The depth is 507 feet and the 
diameters are 8 and 6 inches. 
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Driller's Log 
DEPTH IN FEET, 

~~iIe .~~~~~~~~~~~~:~~:~::::::::::::::~::~~~::~:::::::::::::::::::::::~:::::::::::~::::~~.~'.'.:::~~~~~~~~~~::::'::::::::::::::::::. 25~~~~g 
Rock .................. : .. _ ...................................................... _ .. _ ...... _ .................... _ ............. 353-507 

GRUNDY CANNING COMPANY, GRUNpy CENTER 

This wen, 428 feet deep and 8 inches in diamet~r, was complet­
ed in 1919 by E. A. Ford'of Marshalltown. The tested 'capacity 
of the well is 125 g.p.m. The cost was $1805. 

, • DEPTH IN FEET 

Clay (Pleistocene) .................................................................................................... 0-113 

~~!~ (~~~~~~~r~~~ ... :::::~:::::::::::::::::::::::::::::::::::::::::::::::::::::::=:::::::::::::;:::: ::::::::::: ~~t!~~ 
WELL OF H. F. SPRAGUE, GRUNDY CENTER 

The well at the Sprague Ice Factory is 509 feet in depth, with, 
diameters from 8 to 6 inches. It w:as completed in 1917 by E. A. 
Ford of Marshalltown . . The principal supply was found ,at 506 
feet. The well supplies 35 g.p.m. under the air lift. There are 
156 feet of 8 inch casing and 175 feet of 6 inch. The ' cost of the 
welt was $1313. , 
, The owner states an interesting fact in the operation of the 
well. "I' use 'the ,Sullivan air lift for pumping and we pump 
enough so that I have a small stream overflowing from the tank. ' 
But with the same air pressure and other conditions the same, if 

,the wind blows from the southeast for about 24 hours there will 
be a smaller amount of water pumped, for the overflow will stop. 
As soon as the wind gets out of 'that quarter, we will have the 
overflow stream again. I have h'Jard of this in shallow wells, out 
not in deep wells before." ' 

The log 'of the city well, given in the water report of 1912, in- I 

dicates that the well foots in, the, Devonian limestone, possibly 
reaching the Silurian. 

HAMBURG,FREMONTCOUNTY 
(Altitude of C,' B. ;,. Q. B, B. Sta., 911 feet) 

, Driller's record of oil prospect on Spicer Farm, 3pudiJed in June ' eo, 1ge5. Located 
on the NElJ4 of the NElJ4 of section 3, township 67, range 4e, Fremont cou~ty, 

. . three miles' north' and oite·half mile e~t of Hamburg 

. THICKNESS, FEE~ DEPTH, FEET" 

Loess and glacial drift ............................................ 90 .• 
Shale and gravel, light colored" soft ...................... 10 100 
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Shale, light colored, .soft · ... _.~ .. : ............ : ..... : .......... _. 
Lime, 'Yhite, hard ..................................................... . 
Shale, white, hard ..................................................... . 
Lime, white, hard ..................................................... . 
Slate, black, soft ..................... _ ................................ . 
Lime, white, hard ................... ! •••••••••••.••• _ ••••••••••••••••• 

Shale, :white, soft ............................. _ ...................... . 
Lime, white, hard ..................................................... . 
R~d rock, soft ............ _ ............................................ : .. . 
Shale, white, soft ....................................... _ ............ . 
Lime, white, firm ................... _ ................................... . 

~:::: ::::t~: ~~;~ :::::::::::::::::::::::::::::::::::::::::::::::::::::: 
~~:, .. ~~.?_:~ .. ~.~~~ .. :::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Shale, gray, soft ..................•..................................... 
Lime ................................. _ .......................................... . 

. , Slate, black ......................................... _ ....................... . 
Lime, ·broken, firm .... : ............................. , .................. . 

· Slate, black ...................... __ ... ____ .......... __ ........ __ . ____ ..... __ . 
· Lime ........ __ .... __ ....... _________ .............. ____ ......... __ ............ __ __ 

Shale, light . __ ...... __ . __ . __ ... __ .. __ . __ ......... , ...... __ ........... __ , __ .. . 
Shale, black .............. __ ..................... __ ..... __ ..... __ .......... . 

, Shale, gray . __ ................... ___ ...... __ ................ __ ..... __ .. __ , .. . 
Lime, white, hard . __ . __ .................................. __ .......... __ 
Shale, white __ ................. __ .. ___ . __ . __ ............. __ ..... ____ ........ . 

· Slate, black ______ . __ ... __ ......... ____ ______ ...... __ ... ____ .......... ______ .. 
, Slate, white, soft ......... __ .. : .... __ ... __ . __ ..... __ ... ____ ...... __ .... .. 

Slate, black ................... : ............ __ ................. __ .. __ ...... . 
. Lime, white .... __ .......... __ . __ .... __ .. __ . ____ . __ .... __ , ................... . 

Some oil .was found at the bottom of the well. 

HAMPTON 
(Altit1lde 1140, C. G. W. B. B.) 

' 100 
10 
80 
5 

135 
55 
10 

5 
5 

90 
20 

· 5 
35 
5 

15 
10 

· 40 
5 

70 
10 
80 

· 50 ' 
5 
5 
5 

50 
5 

50 
5 

' 5 

. WATERWORKS WELL NO.2, 1926 

200 
210 
290 
295 
430 
485 
495 
500 
505 
595 
615 
620 
655 
660 
675 
685 
725 

. 730 
800 
810 
890 
940 
945 
950 
955 

1005 
1010 
1060 
1065 
1070 
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This well, 1700 fe.et deep, was completed in February, 1926, by . 
the Thorpe Br:os. Well' Company of Des Moines: The diam~~ers 
.are from 20 inches to 8 inches. The principal supply was found 
at 1700. feet in the Jordan standstone. 'Water found in the Saint 
Peter sandstone at 1200 feet was cased out. The static level is 153 
feet below the' surface. Wi~h the cylinder at 200 feet the well 
delivers 10QO g.p.m. with a draw down of 23 feet. The cost of the 
well was $23,000 and of the pumping machinery $5,000. 
; The normal static level of well no. 1, drilled in 1900, H was 50 

f~et below the surface with a draw down to .160 feet. The static 
level is now the same as that of well no. 2, which is only 30 feet 
distant. The capacity originally was 160 g.p.m., but after well no. 
2\ was drilled it w'as reported at 366 g.p.m . . 

' 5/. Norton, .Underground Water' Resources 'of ~owa, Iowa Geol. Survey, vol. XXI, pp. 777·779. 
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Record of strata, Hampton city well no. t 
DEP'l?H ·.IN FEET 

Pleistocene and Recent: No samples _____ __ ___ __ ________________ ______ __________ ________ __ __________________________ ____ __ _________ :_______ 0_10 

Mississippian, Kinderhook (140 feet thick,· top 1106 feet above sea level). : 
Limestone, ocher-yellow, effervescence in cold dilute HCl rather slow, much rusted and decayed ____________ _______ ___________________________________________________ _ 

Sandstone, gray, argillaceous, highly calcareous, grains of quartz min-
ute and ill-rounded; in easily friable masses ___________________________________ _ 

Shale, gray, slightly calcareous, minutely arenaceous ___ __ _____________________ __ _ 
Sandstone, as at 20 and 30 feet _________________________________________________________________ _ 

t~:::i~~:; . ;;~~ :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::'=::::::::::::::::::: Shale, blue; 7 samples __________________________________________________________________________________ _ 

Devonian and Silurian (') (450 feet thick, top 966 feet above sea level)': 
Limestone, brown, crystalline-granular, effervescence moderately rapid, in large chips __ 1.. _________________________________________________ ____________________________________ _ 
Limestone, drab; powder of shale ____________ ____ _______________________________________________ _ 
Limestone, drab, fine crystalline-granular; whitish, same texture . ________ _ 
Shale, blue-green, in concreted masses ____________________ "' __________ _______________________ _ 
Limestone, varicolored _________ : _____ : ______________________________________________________ _____________ _ 
Shale, greenish gray, i'n concreted masses ________ : __________________________________ _____ _ 
Limestone, drab, fine crystalline-granular; calcite __ _______________________________ _ 
Shale, blue and green-gray; 6 samples _-----------------------------------------------------__ _ Limestone, whitish, in large chips __________ ___________________________________________________ _ 
Limestone, cream colored and gray, fine grained; 4 samples ____ _____ ________ _ 
Limestone, brown-drab _________ ___ ____ . _________________ _______ _____ _____ ___ ___ _____________ __ __ _________ _ 
Limestone, cream color and gray, with much powder of shale _____________ : __ _ 
Limestone, gray, buff and brown, effervescence generally rather slow, 

some brisk; 11 samples , ________________________ ___________________ ___ ___________________________ _ 
Limestone, light brown, compact, cryptocrystalline, slow effervescence 
Limestone, whitish and light yellow-gray and buff, rapid reaction _____ _ 
Limestone, blue-gray and yellow-gray, reaction rather slow, some rapid; 5 samples __________________________________ J _____ __ : ___ , ______ _ ____ _______ _______ _________________ ___ : ___ _ 

Limestone, yellow-gray, moderately rapid __________________________________________________ _ 
Limestone, whitish, soft, response rapid; 3 samples ____________________________ .. ____ _ 

Maquoketa shale (140 feet thick; top 516 feet above sea level) : Shale, light brown, calcareous ___ : ________________ ______________________ ________ _________ -' ________ _ 
Shale, light reddish brown; some , greenish yellow _____ _______ : ____ _____ , ____________ _ 
Shale, blue; 3 samples ________________________________________________________ : _________________________ _ 
Limestone, yellow-gray, slow effervescence ______ .: ______ : ___ _______________ , __ . __________ _ 

10 

20,30 
40 
50 
60 
70 

80-140 

150 
160 

170,180 
190 
200 
210 

220,230 
240_290 
300,310 
320_350 

360 
370 

380-480 , 
490 
500 

510-550 
560 

570_590 

600,610 
620 

630:"'650 
660 

Chert, gray, and shale, some limestone; some red shale at 700.; ' 4 sam-ples ____________________ _______________ _____ __________________ __________________ : _____________ :: _________________ 670_700 
Shale, gray; 3 samples _____________ __ _____________________________________ : _______________________________ 710_730 

Galena and Platteville limestones (400 feet thick; top 376 feet above sea 
level) : . 

. Limestone, drab and light b~ff, reaction rapid; chips of sh,ale __ , ___________ 740, 750 
Shale, blue-gray _____________________________________________________________________ ._________________________ 760 

Limestone, gray and yellow-gray, slow and moderately slow efferves-cence _____ ___ __ _____________ __________________ __________________________ ________________________________________ 770, 780 
Limestone, whitish, rapid reaction _______ : ___ ___ ______________________________ ,_________________ 790, 800 
Limestone, gray in mass; .25 samples , ________________ _________________ 0 ___ _________ __ _________ • ~10-1050 

Shale, blue-green ______________________________________ ._______________________________________ ________________ 1060 
Limestone, gray in mass; 7 samples _, ____ ____________ ________________ ; ________________________ __ 1070-1130 

Glenwood shale (30 feet thick) : 

~~:~:: ~~~~, a~~e~~~:~ :::::::::::::::::::::;::::::::~::=:::::::::::::::::::::::::::::~::::::::::::::::::: Shale, green, fissile ____________ ___________ __ ___ _______________________ , ______________________________________ _ 

Saint Peter sandstone (70 feet thick; top 54 feet below sea' level) : I 
Sandstone, whitish, of Saint P eter facies; with much yellow-gray lime-

stone of rapid effervescence in ·small chips ____________________ . __________________ _ 

1140 
1150 
1160 

1170 
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Sandstone, white, grains up three-fourths =, in diameter'; consider-
able shale in flakes ___________ . __________ .. ____ __ ______ __ ____ .:. _______________ ____ ________________ . 1180 

Sandstone, white, clean except for a little sMle _________________ . __ . ______________ ~ ... _1190, 1200 . 
Shale, blue-green, noncalcareous; a large chip of sandstone, dark gray, " 

of well cemented rounded grains __________ . _______ . __ ... __________ _____ .... ___ ____ .______ 1210 
Sandstone, white, rusted yellow at 1230 _______________ ____ . ___ __ ______ .. ____ .. ____ .. __ ....... 1220, 1230 

Prairie du Chien (410 feet thick; top 124 feet below sea level ): 
Dolomit e, light gray, in fine chips; most of sample consists of quartz 

sand ____________ . ____________ __ ___ .. ~ ___ . __ .... ___________________ __ .. ________________________ . __ . ____________ .. 1240, 1250 

Dolomite, gray, buff and whitish; highly arenaceous from 1300 to 1480, 
sandstone at 1460 (New' Richmond); 37 samples __________ . __ ..... ____ ... __ ... 1260-1620 

~~~~:~:: ~~~~~f a:::~c~~~~ .. :::~:::::::::::::: :::::::::::::::::::::::::::::::::::::::::::::::::=:::: ' ~~!g 
Jordan sandstone (penetrated 50 feet; top 534 feet below sea level ) : 

Sandstone, white, clean, gl'ains well rounded, up to about 1 mm. diam· 
eter ; 6 samples .. __ ....... __ ........ ____ .................. __ ... __ . __ ...... __ ............................. 1650-1700 

HAWKEYE, FAYETTE COUNTY 
(A ltit1bde 1176 f eet) 

A well 835 feet deep and 8 and -6' inches in diameter was drilled 
for this town by Thomas James of Shullsberg, Wisconsin. 

At 600 feet a water bed was struck, when the water in the well 
dropped ,to 90 feet from its previous head of 30 feet below the 
curb. ' The main supply was found at 835 feet, when the water 
fell to the static level of 265 feet. 

, The well now delivers 100 gallons per minute under air. The 
cost of the well was $5,200. 

H OLSTEIN, IDA COUNTY 

CITY WELL NO.2, 1924 

This well was drilled by Thorpe Brothers of Des Moines. Its 
depth is 2040 feet and the diameters are 12 inches to 6 inches. 

, With the cylinder of the pump placed at 600 feet, the well has a 
pumping capacity of 200 gallons per minute. 

The static level of the water is about 290 feet below the curb. 
The chief water beds reported are the Pleistocene at 275 feet, un­
differentiated Paleozoic at 750 feet in dolomite and the Prairie 
du Chien at 1550 feet. Water is also said to have been found in 
the Cambrian at 1900 feet. The cost of the well was $34,000 and 
that of the pumping machinery $4,000. In city well no. 1 (1897) 
water was found in quicksand at 390 feet, at 1200 feet in Galena 
dolomite and "below 1500 feet", i.e. in the Prairie du Chjen and 
possibly the subjacent beds. ' 
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Record of strata in City well no. $, Holstein 
DEPTH IN FEET 

Pleistocene and Recent (42(} feet thick; top 145,7 feet above sea level) : ' 
Till, drab, clayey, calcareous, small pebbles of dolomite ....... :.:: ............... . 
Clay, blue, gritty, calcareous ................... : ...... : .............. _ .......... _ ................ . 
Clay, light greenish drab, hard, concreted, calcareous, gritty ................. . 
Till, clayey, pale yellow, calcareous, small pebbles of igneous rocks 

and limestone ........................................................................................... . 
Clay, as at 40 feet ............................................ ~ .............................................. . 
Till, drab, clayey, with small pebbles; 5 samples ....................................... . 
Clay, as at 40 feet, gritty with coarse sand ............................................. . 
Clay" drab, hard, noncalcareous, with ,rare grains of siliceous limestone 
Clay, gray· buff, calcareous, gritty with coarse sand of quartz and 

. sonie of limestone ....................................... _ ..................... , .................... . 
Till, gray· buff, clayey, with small pebbles; 2 samples ........... _ ................ . 

, Till, drab, clayey, with small pebbles; 3 samples ..... _ ................. , ............ . 
Till, drab, sandy, friable, pebbly ................................. _ .............................. . 
Till, drab, clayey, with pebbles, many of chert and limestone, 7 sam· 

pIes ............................................................................................................. . 
Clay, reddish buff, noncalcareous, with small ironstone brownish con· 

cretions ....................................................................................................... . 
Till, light drab, clayey, gritty, calcareous ................... _ ........................... .. 
Clay, friable, sandy, brownish drab ....................................... _ ................... ,. 
Clay, as at 290 ...........................•......................................... , ............ : .............. . 
Clay, dark gray, noncalcareous, gritty; 4 samples ................................... . 
Till, clayey, dark gray, calcareous, gritty, with many pebbles of lime· 

pennSYlv!~:~ N)e(~~~n~~~u~~;~k t\~p··io37··f~~t··~b~~~··~~~··i~;~1)··:·············· 
Shales, drab, gray and red, plastic, noncalcareous; 15 samples ............. . 

Mississippian (140 (f) feet thick; top 867 feet above tide): 
Sandstone, light yellow·gray, grains imperfectly rounded, of pure 

20 
30 
40 

50 
60 

70-110 
120 
130 

140 
150,160 
180-200 

210 

220-280 

290 
300 
,310 
330 

340-370 

380 

420-580 

quartz, largest up to 1 =. and 1.5 mm. diameter; 3 samples ...... 590~610 
Limestone, light yellow· gray, crystalline· granular, rapid effervescence 

in cold dilute HOI ............................................... _ .................................. . 
Sandstone, as at 590 ......................................................................................... . 
Limestone, as at 620 ..................................................................................... . 

,Limestone, as above, in thin chips, cherty; with much quartz sand of 
highly irregular grains; 3 samples ..................... _ .............................. . 

Limestone, drab, effervescence rapid; with a little quartz sand ............. . 
Limestone, magnesian, or dolomite, light buff, fine crystalline·granular, 

moderately slow eifel've'scence ................. _ ............. : .............................. . 
Limestone, as above; with much white fossiliferous chert, and much 

quartz sand, irregular 'grains varying much in size, some pinkish 
Limestone, gray and light yellow, compact, rapid reaction, with much 

, sand as above ............................. _ ............................................................ . 
Undifferentiated Paleozoic, lower portion Galena and Platteville (700 feet 

thick; top 727 feet above tide) : 
Shale, hard, blue'green, fissile; and sandstone, gray, fine, of pure quartz, 

moderately well rounded, apparently from horizon of Saint Peter, 
and out, of place, as no like shale and sand appears in cuttings of 
immediately underlying beds ......................... ~ ..................................... . 

Dolomite, or magnesian limestone, blue·gray, and yellow· gray, earthy, 
laminated, in flaky chips ..... _ ................................ _ .............................. . 

Dolomite, drab, subcl'ystalline, hard, compact, in chips; with some large 
chips of buff limestone at 770; 3 samples ........... : ............................. . 

Dolomite, as abo"\"e; with considerable quartz sand of vari·colored and 
ill·rounded grains probably from above ..................... _ ........................ . 

Dolomite, drab, chiefly in sand, some blue shale ....................................... . 
Dolomite, ]:llue, drab and light yellow·gray; with some blue and green 

hard fissile shale, and some irregular grains of quartz ................... . 
Dolomite, blue and yellow·gray, pyritiferous; with much quartz sand 

of well rounded grains and dark green·gray hard, finely laminated 
shale ....................................................... _ ...... -' ........................................... . 

620 
630 

640,650 

660-680 
690 

700 

710 

720 

730 

740,750 

760-7.80 

790 
800 

810 

820 
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Dolomite, light gray, with a little green shale and sand .......................... 830, 840 
Dolomite, drab, hard ................... : ....................................... _........................... 850 
Dolomite, light yellow·gray, in sand; with much green shale, some with 

c?ne.in·cone s~ructure, and well rounded quartz sand up to 1 =. 
diameter ........................... _......................................................................... 860 

Dolomite, gray and blue· gray, in crystalline sand and' small chips" I., 
argillaceous, and with some blue shale at 1040-50, a little white 
chert at 1080-90, highly cherty 1100-30; 23 samples ................. _ ..... 900-1130 

'Shale, gree)lish drab, hard, fissile; and sandstone, rounded grains up to 
1.3 =. diameter; much white chert ....... _ .................................... :...... 1140 

Dolomite, light gray and yellow·gray, cherty ................................... _ .... __ .1150, 1160 
Dolomite, blue and yellow·gray, in crystalline sand, at 1170 dark drab 

in chips, cherty at 1250; 16 samples ......... ...: ......................................... 1170-1310 
Dolomite, yellow· gray, with some drab shale . __ ....................................... 1320, 1330 
Dolomite, blue, argillaceous; , with some sandstone, blue, argillaceous, 

of minute grains ..................................................................................... . 
Shale, light green·gray, calcareous, arenaceous with minute grains .... : .. 
Sandstone, rounded grains, a few reaching 1.8 mm. in .(!iameter; much 

1340 
1350 

green TIssile shale, a little. gray 9,olomite .............................................. 1360 
Shale, bright green and blue·gray, calcareous; 3 samples ... _ ........... : ..... 1370-1390 
Limestone, response rapid, gray, with shale .............................................. 1400 
Shale, green and light brown ................................................................. _....... 1410 
Limestone, gray, rapid reaction, with much shale, all in small chips .... 1420 

Ordovician: 
Saint Peter sandstone (20· feet thick; top 27 feet above sea level)­

Sandstone, white, nne, grains well rounded, with some chips of 
green shale ........................................................ , ................................. 1430, 1440 

Prairie du Chien (180 feet thick; top 7 feet above sea level) : 
Dolomite, light yellow· gray ......... _ ........................................................ . 1450 
Dolomite, drab, sparse floating grains of sand, oolitic, with much 

quartz sand and drab shale ........................................................... . 1470 
Sandstone, clean, white, well rounded grains up to abo'ut 0.5 mm. 

diameter; some green, TIssile s'hale ................................................ 1480 
Dolomite, gray, in sand; mucl~ shale at 1510 ...................................... 1490-1510 
Dolomite, gray, oolitic ............................................................................ 1540 
Dolomite,· light yellow'gray, cherty (duplicate sample : sandstone, 

. white, well rounded grains) .......................................................... 1550 
Dolomite, gray and buff, in nne crystalline sand; 6 samples .......... 1560-1620 

Cambrian: . 
Jordan sandstone (f) 

Sandstone, white, well rounded grains, up to 1.2 mm. diameter .... 
Saint Lawrence dolomite and shales and undifferentiated Cambrian 

(3'40 feet thick; top 183 feet below sea level)-
Dolomite, gray, highly al'enaceous with minute quartz grains and 

1630 

particles, somewhat argillaceous; 5 samples ......... _ ..................... 1640-1680 
Shale, green· gray, calcareous, minutely · quartzose, glauconitic, in 

powder and friable masses ....................................... _ .................. . 1690 
Dolomite, highly arenaceous, grains minute, at 1740 argillaceous; 

4 samples .......................................................................... , ............... 1700-17 40 
Shale, gray" highly' calcareous, minutely quartzose ............................ 1750, 1760 
Sandstone, grains minute. dolo.rrp.tic, glauconitic ...... :.:..................... 1770 
Shale, green· gray, as at 1750 ................ ..... ~ ......................................... 1780, 1790 
Sandstone, as at 1770 ...... ................................. _..................................... 1800 
Shale, as at 1780, in powder ............................. _ ................................. :... 1810 
Sandstone, gray, calcareous, argillaceous ............................................ 1820 
Shale, greenish and blue· gray, plastic, hal'd, in splintery chips, 

slightly calcareo)J·s ; 4 samples ..... _ ............................................... 1830-1880 
Dolomite, buff, arenaceous, glauconitic ......... _ .............................. _..... 1890 
Shale, greenish, in hard ' splintery chips .............................................. 1900 
Dolomite, gray, highly quartzose, glauconitic, in chips, with much 

shale .................................................................................................... 1910, 1920 
Shale, drab, hard, non calcareous, with dolomite as above .............. 1~30, 1940 



228 DEEP WELLS OF IOWA 

. Shaler- calcareDus, quartzDse ................................. :.: .............. ~............... 1950 
Shale, hard, . green . gray, plastic ............. :._ ................... , ........... : ........... 1960, 1970 

Red Clastic beds (40 feet thick; tDP 523 feet belDw sea level): . . 
SandstDne, red, grains 'Of clear uncDIDred quartz well rDunded, little 

. brDken, .with surface .befDre washing reddened with DchreDus inter· 
stitial material, with balls, dark red, DchreDus,. ellipsDidal and 
glDbular, up tD 2.7 mm. diameter, cDncentric ' structure, 'Outer cDat· 
ing dark red, inner ' reddish yellDw; nDncalcareDus; 3 samples ........ 1980-2000 

SandstDne, cuttings .flesh cDIDred, grains 'Of clear quartz :with a light 
. sur.face .stain, grains well rDunded, up tD 1.5 mm. diameter, in 

sand; with SDme chips 'Of flesh colDred sandstone, noncalcaTeous, 'Of 
minute . grains of clea r u:p.colored quartz ......................... : .. ,:.............. 2010 

Archean (f) (penetrated 20 feet; 'tDP 563 feet below sea level) : 
Granite, pink; with much quartz sand ' in rounded grains and a little 

shale; compDnents 'Of granite; orthDclase feldspar, -quartz in small 
grains, white mica (muscDvitef), and a black ferro'magnesian 
mineral, yellow brown when pulverized, with no noticeable pleD' 
chroism; in 'chips and sand; 3 samples ...................................... · ........ 2020-2040 

N otes.-While the sampl'es of the cuttings of this well, on ~he 
whole, have evidently been taken with care, yet some obvious 
misplacements have taken place. · T.he city officials who packed 
them for shipment to this office called attention to this fact, and 
iIi copying labels other errors could happen. Thus a Pleistocene 
clay is labelled with a depth of 890 feet. The s-andstone of 
Saint P eter facies at 730 feet also is very probably out of place. 

The drift is of exceptional thickness, and the shales beneath it 
carry no very convincing , evidence as to whether they are Cre­
taceous or P~nnsylvanian. Comparing this section with that of 
the deep well at Cherokee, eighteen miles north, it will be seen 

. that the nondolomitic lim .. estones and sandstones assigned to the . 
Mississippian have thinned gI1eatly to ' the south, while the under­
lying. dolomites have correspondingly thickened. Probably the 
larger portion of these dolomites belongs to the Gale'na and 
Platteville. The gray and b~ue-gray argillaceous and in part 
cherty dolomites from 900 to 1130 feet probably include the Ma­
quoketa. A thin sandstone of Saint Peter facies occurs at Hol­
stein, according to the samples, at 1360 feet and is associated 
with the green shale so common at this horizon. The top of the 
Saint Peter, however, is placed at 1430 feet, where a white sand­
stone occurs in greater thiclmes~, at near the level of the Saint . 
Peter in well no. 1, and where it is underlain by the usual dolo­
mites of the Shakopee. 

The white sandstone at 1630 feet is too thin to be assigned with 
any certainty to the J orda~, 'but the underlying thick series of 

7 
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dolomitic, argillaceous quartzose "beds, in places glauconitic, with 
some shales, are typically Saint Lawrence and EauClaire. Np . 
well defined Cambrian water bearing sandstones, such as the 
Dresbach and Mount Simon of northeastern Iowa deep well sec­
tions, are found here below the Saint Lawrence~a fact of major ' 
importance in well drilling. The beds of the lithologic facies of 
the Franconia or EauClaire rest directly on ·a red ochreous' sand­
stone, tentatively correlated with the Red Clastics of southern 
Minnesota, as its loosely cemented grains show no evidence that 
it had ever· been quartzitic. . . 

The importance of the granite floor reached at 2020 feet has 
been set forth by Lees,ss who was consulted by the drillers and 
after visiting the town and examining the cuttings identified the 
rock as granite in which the drill was working and advised stop­
ping the work immediately. 

From Cherokee to Holstein the south dip of the Saint Peter 
sandstone is about sixteen feet per mile. The Cherokee ~ell did 
not go below the Saint Peter, and while additional water might 
have been found in the Prairie du Chien, the Holstein section 
shows that it would have been unadvisable to enter the Saint 
Lawrence. Indeed,,if the Archean surface is of slight relief and 
the Cambrian formations above it thicken to the south, it might 
easily have been reached at Cherokee from 300 to 500 feet below 
the bottom of the well. 

It is worth remark that the red sandy, cherty, caving shale 
found in the first city well at Holstein at 1520 feet, not far below 
the base of the Saint Peter, where such residual formations are 
not uncommon, is entirely absent in the second well. 

Mineml Content of City well, no. Ie, Holstein* 

P.P.M. 
Bicarbonate ___________ . ____ ________________________ ______ __ _____ . ______ _____ . __ ,_ 236.7 
Chloride _____ ._. ________ .. ___ __ . _____ ____ . _____ . __ __________ ._____ __ __________________ 13. 
Sulfate ____ .. ________ _____ .: ___ ._ .. _. ____ . ______ __ _________ .. ___ ____ .____________ __ ____ 757.8. 
Silica __________ . _______ ___ __ _____ . ________________________________ <_________ ______ ____ 24.4 
Fe,O.+Al,O. ___________________________ ________________________________________ __ 10.0 
Calcium . ___________ _____ ______________________________________________________________ 139.5 
Magnesium __________________________ ______________________________________________ 77.8 
Na + K as Nli ________________________________ __ ______________________________ 109.6 

Total solids ___________ ____________________________________________________ 1250.4 

~;; Proc. Iowa Acad. Sci" voL XXX, pp. 445-450. 
* Analysis by Dr. Harry: F. Lewis, Chemical Laboratory, Cornell College, Mount Vernon, 1927. 
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HUXLEY, STORY COUNTY 
(Altitude 1046 feet, Ft. D., D. M. if S. R. R.) 

The well which furnishes the public supply for Huxley is 892 
feet deep and was completed in 1921 by Thorpe Brothers of Des 
Moines. The diameters are from 10 to 5 inches. The main sup­
ply was found at 891 feet and small veins were struck between 
125 and 325 feet. The original static level of 125 feet below the 
curb and the pumping capacity of 75 g.p.m. are both maintained. 
The consumption, of the village averages 5,000 g.p.d. with a max­
imum of twice that amount. ~rhe · pumping cylinder is hung at 
] 60 feet and. continuous. pumping has no eff.ect on the level of the 
water. The water is reported as rather hard on boilers. The 
cost of the well was $10,000. ' 

Driller ' s log of town well at H 'lv;;ley 

THICKNESS, FEET 

Black dirt ................................................... ~ .. ........ .. .... 8 
Yellow' clay ............................................................. _ ... ' 40 
Blue clay...................................................................... 72 
Shale ,............................................................................. 120 
Limerock ................................... _................................... 40 
Shale .............................................................................. 80 
Limerock ............................. :.......................................... 60 
Shale ............................... :.............................................. 120 
Limerock ........................................................................ ·180 
Shale .............................................................................. 40 
Lime .............................................................................. 110 
Shale ............... _ ...................... _..................................... 22 

DEPTH, FEET 

8 
, . 48 

120 
240 
280 
360 
420 
540 
720 
760 
870 
892 

Hole started 10 inches in diameter. 8 inch pipe from surface to solid formation. 
120 feet of 6 inch pipe from 500 feet to 620 feet, 4 inch pip~ to bottom. 

INWOOD, LYON COUNTY 
(Altitude 1466 feet) 

The city well of Inwood was drilled in 1917 by the McCarthy 
Well Company of. Saint Paul. The depth is 914 feet; the diam­
eters are 12 and 10 inches. The principal supply was found in 
the "fine sand" from 290 to 300 feet. A "light vein" was struck 
at 450 feet in the" shale" of the driller's log, yielding soft water. 
About 5 gallons per minute were obtained from the Sioux quartz­
ite. 

The static level is 275 feet below the curb and is not ' drawn 
down by pumping. The pumping capacity is named at 23 gal­
lons of clear water . . The plimp, whose cylinder is set at 297 feet 
below the curb, will lift 60 gallons, but the water is then turbid. 
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The cost of the well was $10,000 and of the pumping machinery 
~~ . 

Driller's Log 
DEPTH IN FEET 

Clay .............................................................................................................................. 0-290 
Fine sand ................................... _ ..................... _ ........................................................ 290-300 

• Shale ............... , ................................... , .....•......................................................... _ ....... 300-475 
Granite ........................................ ,. .................... _ ........... ~ ............................................. 475-915 

. A few samples of. the cuttings of this well were obtained . . The 
first, stated to represent the material from the surface to 300. 
feet, is a .blue clay with pebbles of the northern drift. That 
labeled 300 to 475 feet is shale, drab, noncalcareous, with much 
quartz in fine angular particles. The sample at 475 . fee't and 
three others to and including 500 feet are of Sioux quartzite, in 
clear pinkish grains, coarse, up to 2.5 mm. in diameter, and at 500 
feet sliowing greater induration by more complete fractures. The 
top of the Sioux quartzite lies about 1000 feet above sea level. 
The shale above it may be Cambrian. The fact that the drillers 
noticed no difference of material from 475 feet to 915 feet gives 
a shade of probability to the supposition 'that the quartzite ex­
tends to the bottom of the welL 

While the drilling was in progress Assistant State Geologist 
Lees gave the advice not to drill into the quartzite "as it is in 
most places very hard and close-grained and yields very little 
water"-advice which if followed would have saved the town 
several thousand dollars. 

Mineral Content of City Well, InwQod* 
P.P.M. 

Bicarbonate ............. ' ........................................................... 380.6 
Chloride ..................................... : ....... .:: ....... :....................... 9.0 
Sulfate ...... , ............................ : ........ :~ .................................. 957.8 
Silica ...... , ........................................ :.................................. 20.0 

~=l~~A~~~~.~::::::::::::::::::::::::::::::::~:::::; ::::::::::::::::::::::::::::: 2~~:~ 
Magnesium .......................................... , ............................. 162.5 
Na + K as Na ............................................... _ ...... _....... 63.1 ' 

Total solids ............................... _ ............................... 1663.7 . 

IOWA CITY 

. WELL OF THE STATE UNIVERSITY OF IOWA, 1927 

This well is located just north of the east ,end of the Burlington 
Street bridge on the bank of Iowa river at an elevation above 

* Analysis by Dr. Harry F . Lewis, Chemical Laboratory, Cornell College; :Mou~t Vernon, 1927. 

·1 
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sea level of '672 feet. The depth of the well i~ '840 feet. A 10 
inch pipe extends to 199 feet; an 8 inch pipe, from this point to the 
bottom, is perforated at the water beds. Flowing water w3:s 
struck In the Galena limestone at 755 feet, with a natural ' dis­
charge of 100 g.p.m. 

The pumping capacity on completion, was found to be 210 
g.p.m. with a draw down of 20 feet. An air lift now raises 300 
g.p.m. with a draw down of 70 feet. The well was drilled by the 
Thorpe Bros. Well Company of Des Moines at a cost of $9700. 

Chemical analysis of water of UnVver~ity well, Iowa City, done by the Cochrane 
' Engineering Co. ' 

GRAINS PER U. S. 

MagneSium carbonate . ________________________ ______________ __ ___ _ 

~a~~~:us~l;~~l~a-:~--:::::::::::::::::: ::::::::::::::::':::::::::::::: Sodium sulphate ____________ _____________________ ___ ___ _____________ _ 
Sodium chlor~de __________________________________ __ __________ ___ ___ ___ _ 
Silica _______________________________ . __________________________________ ______ _ 
Iron oxide and alumina _______________________________________ _ _ 

GALLON ' 

5.98 
1.79 

10.85 , 
21.00 

4.55 
0.44 
0.02 

Record of strata, State University well, Iowa City, 19t7 

Cedar Valley limestone: DEPTH IN FEET 
Limestone, light cream yellow, soft, earthy, fine-grained, compact, 

laminated, rapid effervescence in cold dilute HCl, in thin flakes 55-65 
Wapsipinicon limestone (140 feet thick) : 

Limestone, light yellow-gray, soft, earthy, rapid reaction; chip of same 
texture shows fragment of small brachiopod shell with plications, 
another chip a fragment of a larger plicated brachiopod shell; 
some light gray limestone ___________________ ... __________ _______________________________________ 65-75 

Limestone, light yellow-gray, calcilutite, conchoidal fracture; also 
buff-gray, crystalline-earthy; buff, laminated; and buff with brown crusts __________________ .. _. ________ . ________ . ______________________________ ____ ._________________ 75-80 

Limestone, light yellow-gray, and light gray, calcilutite; some chips 
show crystalline-earthy gray limestone inclosing minute fragments of calcilutite ______ ___________________________________________________________ . ______ ... ________________ 80-90 (') 

No samples __________________________________ __ _________________ ___________ ___ _______ __________________________ . 90-110 

Limestone, yellow-gray, earthy, argillaceous, rather slow effervescence 110-120 
Limestone, dark buff, fine crystalline-granular, in large chips of rough 

surface and irregular fracture; slight quartzose and argillaceous residue _________________________________________________________________________________ _______ . ________ ___ ,_ 120-130 

Limestone, gray, crystalline-earthy, soft, rapid effervescence; some 
buff dolomite or magnesian limestone, slow reaction; some silica, . 
whitish, translucent _______________________________________________________ , _________________________ ]30-140 

Shale, light gray, in clean large flaky dolomitic chips, and earthy 
argillaceous limestone of same color ________________ __________ __ ____ ______________ _____ . 148 

Dolomite, gray, crystalline-gra,nular, in chips ___ _________ . _____ __________ _______ : ______ __ 150-160 
No samples ______________ ___ ______ .______ ___________ ___________________________________________________________ ____ 160- 185 
Dolomite, grll;y and yellow-gray, cryptocrystalline _______ . ___ . __ . _____ . __ . _____________ 185-190 
Shale, dark greenish gray, ' noncalcareous, unctuous, pyritic, highly 

arenaceous, grains fine, of clear quartz and many of larger grains , well rbunded ________________________ ____ __ __________ _________________________________________________ __ ___ 201-205 

Niagaran (150 feet thick; top 462 feet above sea level ): 
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Dolomite, light yellow·gray, cryptocrystalline, vesicular, rough frac· 
ture; 3 samples ........... : ...................... ........................................................ 210-240 

Dolomite, light blue·gray and yellow·gray, cherty at 340; 12 'samples; 
no samples from 280·320 ............•.... _ ..................................... : ............... 240-360 

Maquoketa (top 312 feet above sea .level) : . • . 
Shale, light blue·gray and green· gray, plastic, dolomitic; 2 sample.s ...... 360-380 
No sample ............................................................................•................... , ......... 380-390 
Dolomite, blue·gray and yellow·gray, crystalline; shale, hard, drab ...... 390-400 
Shale" light blue· gray, plastic; 3 samples .................................................... 400-430 
Dplomite, gray, hard; much gray chert ...................................................... 430-440 
Dolomite as above, earthy; some chert ........................................................ 440-450 
Dolomite, 'gray, earthy .................................... ....... : ....................................... _ 450-460 ' 
Shale, light blue·gray, plastic; 2 samples ........... , ....................................... 460-478 
Shale, hard, drab and greenish drab; gray shale, noncalcareous, 

arenaceous with fine well rOllnded grains of clear quartz; dqlomite, 
greenish drab, earthy; lumps of decayed chert; 2 samples ............ 478-490 

Notes on this section will be found under Oakdale sanatoriwm well, 1928. 

Driller's log, well of Sta~e University of Iowa, 1927* 
DEPTH IN FEET 

Pleistocene and Recent (50 feet thick; top 672 feet above sea level) : . , 
Soil ' and clay ................................................................. ,._................................. 0-15 
Sand .................................................................................................................... 15-50 

Devonian limestones and shales (155 feet thick; top 622 feet above sea 
level) : 
Sandy limestone ................................................................................................ 50-60 

. Limestone ...................... ......................................................................... ............. 60-95 
Broken lime rock ............................ :................................................................. 95-105 
Limestone; water, 25 g.p.m . .......................................................................... 105-128 
Shale ........................................................................... _ .................................. _ ... 128-136 
Lime .................................................................................................................... 136-164 
Shale ..........................................•....•..................................................................... 164-172 
Lime ................. _ .......................................................... _ ..................................... 172-179 
Shale .............................................................................................................. :_ ... 179-185 
Limestone ........ c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• _ ••••••••••••••••••••••••••••••••••• 185-201 
Shale ......................................... , .......................................................................... 201-205 

Niagaran limestone (155 feet thick ; top 467 feet above sea level) : 
Lime ' .................................................................................................................... 205-250 
Lime .................................................................................................................... 250-360 

Maquoketa shale (193 feet thick; top 312 feet above sea level) : 
Shale ............................................................. _ .................................................. :... 360-390 
Lime .................................................................................................. , .. _............. 390-406 
Shale .................................................................................................................... 406-432 
Lime; more water .......................................................................... : ................. 432-465 
Shale ... _ ........................................ _., ................................................................... 465-478 
Lime .................................................................................................................... 478-499 
Lime ................................................................... _............................................... 499-504 
Sh!J.le .................................................................................................................... . 504-553 

Galena·Platteville (287 feet thick; t op 119 feet above sea level) : . 
Lime ............. ~ ......................... _ ........................................................................... 553-563 
Sand rock ..................................................... _ ................................................... 563-568 
Lime rock ............................................................................................................ 568-580 
Shale ................................................. _ .......................... ~.. .. . .. ........ .. . .......... .......... 580-585 
Lime ................ ~ ................................................................................................... 585-755 
Magnesia lime; more water .............................................................................. 755-77{) 
Magnesia lime .................................................................................................. 770-812 
Hard lime ......................................................................................... ~ ........... . ... . 812-828 
Green mud (Glenwood shale') ...................................................................... 828-835 
Mud, blue (Glenwood shale1) ............................................................... _ ....... 835-840 

* Assignment of formations by W. H . Norton. 
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KEOKUK 
(Altitude 504 feet) 

WELL OF ELECTRO·METALS CO. 

This well was arilled by S. B. Geiger ~nd Co. of Chicago, and 
was completed in 1928. It is 888 feet in depth and from 12 to 8 
inches in diameter. There are 40 feet of 12 inch casing at top 
and an 8 inch pipe from 245 to 470 feet 'cases out the Kinderhook 
shales. 

The natural flow is 294 g.p.m. A small flow was obtained from 
the, Galena-Platteville limestone at 625 feet and one of 125 g.p.m . 

. at about 730 feet in the same formation~ The Saint Peter gave a 
flow of 275 g.p~m. at about 820 feet and this had increased to 294 
g.p.m. at the bottom of the welL The temperature of-the. water » 
is 63° F. The curb is 513 feet above sea leveL 

DrUler's log and record of strata. 
DEPTH IN FEET 

"Fill and white sand" __ .... __ ..... __ ... __ ...... __ .... __ .. __ ....... , ... __ ... __ ..... __ ... __ ...... __ ......... : 0-58 
Clay, gray and buff, with a few pebbles, some rolled : __ ......... ____ ...... __ .... __ 10-37 
Sand and gravel __ .... ____ . ____ ..... __ .. ____ .. ____ .. __ .... __ .......... ____ ........ ____ ........... __ .. __ __ : ... __ . 37-40 

Mississippian, undifferentiated (222 feet thick; top 475 feet ab.ove sea 
level ) : . 

, , White lime' , __ .... __ ..... __ .. __ ..... __ ... _______ . __ . __ . __ ........ __ .... __ ..... __ ... __ .......... __ ............. : .58-150 
Limestone, white, soft, earthy, in :flaky chips, rapid effervescence in cold 

dilute HCI ............. __ .......... __ ..... __ ... __ ... __ ............ ~ .. ___ ................ __ ..... __ .... __ .... 40-137 
Limestone, dark gray and yellow·gray, soft, crystalline·earthy; in 

chips and argillaceous powder __ ..... __ .......... ____ .. __ ..... __ . ___ ................. __ ..... 137-150 
"Shale" . __ . ____ ... ____ . __ .. __ .. __ .... ____ . _______ .. ____ . ____ .... __ ... _ .. __ ... __ .. __ ... ____ . __________ . ____ . __ ..... __ . 150-155 

Shale, blue· gray, somewhat cllolcareous; a little white chalcedonic silica 150-155 
· ' 'Gray lime" ....... __ .... __ .......... ____ ..... __ .. __ .. __ ............ __ ... __ ...... __ ,: ................ ____________ ... 155-170 

Sandstone, dark blue· gray, caillareous, highly argillaceous, grains ir· . 
regular, microscopic; a little chalcedony ____ . ____ . __ . ______ __ . __ .. ____ .. __ .......... 155-170 

"Shale" ..... ____ .. ______ ...... ___ . ____ . __ . ______ .. ______ . ____ .. _____ . __________ . __ . ____ .. __ . __ .... __ ... __ ... ______ ... 170-180 
"White . lime " ............... __ .. __ .... ______ .... __ . __ ....... __ .. __ .... __ ..... __ ................ ____ ... ____ .. ____ . __ 180-260 

· Limestone, yellow'gray, fine-grained, earthy, rapid effervescence .. __ .. __ .. 180-250 
· Limestone, drab, in sand, rapid effervescence . __ . ______ ... __ ... ____ .. __ ..... __ ....... __ .: 250-260 

Kinderhook shale (200 feet thick; top 253 feet above sea leyel) : 
, , Shale' 1 : . __ .... __ ____ ....... __ ...... ____ .. ________________________ • __ : __ • ________________ .. ______ • _____ . : ______ .... __ : 260-460 

Devonian f Silurian f Maquoketa f Galena· Platteville (322 feet thick; top 
53 feet above sea level) : . . 

, 'Brown lime" . __ .. ____ .. __ . __ . ___ . ___ . ____________ . ____ . __ .. ________ . __ : __________ . ____ . ____ . ____________ . __ .__ 460-590 · 
"Sand" .. ________ . ______ .. _________ . __ .. ____ ....... __ . ______ . __ ... ____ .......... __ ........ __ ........... ____ ............. 590-755 

· Dolomite, light buff gray in mass; in sand ______ .................. __ . __ ... ____ ... __ ......... 590-595 
Dolomite, as above ............................ __ .... __ ............ __ ... __ ...... __ .. __ . __ ... __ ...... __ ......... 595-605 
Dolomite, brownish buff in mass, in coarser sand; a little white chert.. 605-625 

"Lime" .. __ ... __ ........ __ .... __ ......... __ ................................................................ __ ...... ____ .: 755-782 
Dolomite, grayish buff __ . __ .. __ ....... __ ................................................................ __ 755-782 

St. Peter sandstone (106 feet penetrated; top 269 feet below sea level) : 
"Sand" . ____ . ____ ........ ____ .... __ .................... __ .. ____ .. ______ ... __ .. __ ........ __ ............ : ...... __ .......... 782-888 

Sanp,stone, white, fine, exceptional grains 1 min. diameter, grains frost· 
ed, fairly well rounded, some secondary . enlargements ....... __ .. , .. __ . __ . 782-850 

Sandstone, white, finer than above, larger grains generally well rounded. 
and frosted ............................................. __ ..... __ ................... ,...................... 850-888 
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N otes.-The fO'llowing descriptiO'n O'f tWO' samples O'f the cut­
tings is O'mitted frO'm the abO've recO'rd as their labels ar~ 'prO'ba­
bly interchanged O'r O'therwise misplaced. 

Limestone, gray, in sand, rapid effervescence, some chips of brown, 
noninfla=able shale .............................................................................. 260-460 

Shale, blue gray, in concreted mass, calcareous, some very feebly so .... 460-590 

These samples, which cO'ntradict the log as to' the place O'f the 
KinderhO'O'k shale, CO'ntradict alsO' the cuttings and lO'gs O'f earlier 
wells at KeO'kuk. , 

The shales and sandstO'ne at 150 feet are nO'ted in the sectiO'ns 
O'f the Y. M. C. A. and the PO'ultry CO'mpany's wells. In the 
abO've lO'g the sandstO'ne is called "gray lime;" as it O'ccurs in 
chips and its arenaceO'us nature is nO't evident withO'ut test. 

The "sand" O'f the driller'sJO'g frO'm 590 to' 755 feet is eYident­
ly the Galena-Platteville dO'IO'mite O'f the samples, a rO'ck w4ich, 
as is O'ften nO'ted, is apt to' crus~ under the drill intO' sparkling 
crystalline dO'IO'mitic sand. 

, WELL OF THE KEOKUK PURE ICE CO. 

This well, 701 feet in depth and 6 inches in diameter, was 
drilled in 1913 by T. J. Haggerty O'f KeO'kuk. The main supply 
was fO'und at ' 680 feet. On cO'mpletiO'n the natural flO'W was 85 ' 
g.p.m. In 1914 the cO'mpany, needing more water, put in a centrif­
ugal pUmp with the pipe placed at about 40 feet and the supply 
was thus increased to' 110 g.p.m. TwO' years later this amO'unt 
became insuffi'cient. The well wa.s nO'w cased fO'r the first time, 
using 200 feet O'f 5 inch pipe, and an air lift was installed with 
the nO'zzle at 150 feet. The yield was nO'w raised to' 180 g.p.m. 
and later experiments with lO'wered nO'z.zle and l~rger mO'tO'r 
failed to' increase it. 

The natural flO'W gradually lessened until early in 1918 it prO'b­
ably was nO't mO're than 50 ,g.p.m. At this time twO' large wells 
(thO'f:je O'f the J. C. Hubinger BrO's. CO'.) were put dO'wn one mile 
distant frO'm the well and O'n ground 70 feet lO'wer than the curb. 
In July it was found that, as an effect O'f interference, the static 
level had fallen to' 6 feet belO'w the curb and since that timE) it has 
fallen to' 41 feet belO'w that level. The delivery at present is 135 

' . 
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g.p.m., with the air lift nozzle at 150 feet. The temperature of 
the water is 62° F. 

WELL NO. ' l, J. C. HUB INGER BROS. CO. 

In June, 1928, this w~ll was completed by the S. B. Geiger Com­
pany of Chicago. The depth is 692 feet and the diameters are 
from 15lj2 to 10 inches. The main flow came from between 597 
and 692 feet. On completion the flow was 890 g.p.m., but by De­
cember 1 of that year it had fallen to 705 g.p.m. The pressure or 
head was riot taken. The temperature of the water is given as 
64,0 F . The elevation of this well and that'of wellno. 2 are stated 
to be that of the Union station, 'or approximately 504 feet above 
sea leveL There were placed 34 feet of 16 inch casing at the top 
of the well and 227 feet of 10 inch casing on the 459 foot leveL 

Driller 's log 

DEPTH IN FEET DEPTH IN FEET 

Dirt and clay.............................. 0-33 Lime rock .................................... 564--597 
Lime rock .................................... 33-243 Sand rock .................................... 597-650 
Shale ............................................ 243-564 Sand and lime ................. _ ......... 650-692 

R ecord of stmta 
DEPTH IN FEET 

Mississippian: 
Keokuk formation, Montrose cherts (top 471 feet above sea level)­

Chert, white; limestone, light gray and whitish, rapid effervescence, 
only a little limestone at 100; Montrose cherts, '33·63 and...... 100 

Burlington and Kinderhook limestones (121 f eet thick; top 379 feet 
above sea level)-

Limestone, white, soft, macrocrystalline ....................................... _..... 125 
Limestone, light gray, crystalline· earthy .............................................. 138 
Shale, light blue·gray, in concreted masses with chips of gray and 

yellow·gray limestone ...................................................................... 143 
Sandstone, blue· gray, of microscopic grains of crystalline quartz, 

argillaceous, calca.reous, in chips .................................................. 148, 157 
Shale, light blue·gray ............... _............................................................. 165 
Limestone, light gray, calcilutite, conchoidal fracture, somewhat 

siliceous, rapid effervescence as are all limestones above .......... 172-175 
Dolomite, brownish gray, fine'crystalline" some gray limestone ........ ' 188 
Limestone, light yellow·gray, fine·grained; · rapid effervescence; 

some brown dolomite ...................... : ...... :.......................................... 200 
Sandstone, blue·gray, argillaceous, calciferous, grains microscopic .. 232-237 

Kinderhook shale (204 feet thick; top 258 feet above sea level)-
Shale, blue· gray, siliceous, calcareous .................................................... 246 
Shale, blue ................................................. _ .......... _................................... 274 
Shale, brown, some chips slightly inflammable .................................. 310 
Shale, gray and light blue·gray .. , .... _ ................................. 344, 350" 392, 400 

Devonian (106 feet thick; top 54 feet above sea level) : 
Limestone, light gray, some brown· gray, earthy, rapid effervescence ' .. ' , 450 
Limestone, gray and buff, hard, in coarse sand, rapid effervescence ...... 502 
Limestone, brown, mottled gray, in flaky chips, rapid effervescence ...... 523 
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;Limestone, ,light gray and yellow-gray, llLminated, calcilutite, rapid ef-fervescence ____ ___ ___________________ __ _________ __ ' _____ : _____________ ,____________________ __ ____________ ___ 556 

Ordovician: Unknown, ' no samples __________ ____________________________________________________________________________ 556-5,80 ' 

Galena-Platteville (samples for 17 feet; top 76 f eet below sea level)-
Dolomite, light brownish; crystalline granular, in sparkling sand ____ 580, 597 

Notes.-No' ~ttempt is made to separate the Burlington from 
the Kinderhook limestones in the above section; although the 
dolomite and sandstone at 188 feet and below clearly belong to 
the latter both by place and by character. The Kinderhook shale 
has thinned both southward from Fort Madison, where it is 268 
feet thick, and also eastward from Donnellson, wher'e it is 3?,p 
fe.et thick. The Devonian limestones are characteristic and the 
calcilutite recurs which is found near the base at both Donnellson 
'and Fort Madison. Nothing similar to the Niagaran dolomites 
occurs in this ,area. The Maquoketa shale also is wanting and it 
will be noted that at Donnellson it ,had thinned to five feet and 
was found but 18 feet thick at Fort Madison. 

According to the samples of the Electro-Metals Company's 
well, the Galenfl dolomite extends to 269 feet below sea level, 81 
feet below the footing of well no. 1 of the J. C. Hubinger Bros. 
Co. The log of this well thus makes the common mistake of con­
fusing the sparkling dolomite sand of cuttings of the Galena with 
t~e quartz sand of the Saint Peter, where especially the forIIter 
is water-bearing. The thickness of the Galena-Platteville is 
about the same as at Donnellson and about 50 feet thinner than 
at RUrlington. 

Although well no. 2 of this company is 45 feet deeper than well 
no. 1, reaching 233 feet below sea level, it still falls short of the 
horizon of the Saint Peter at 269 feet below sea level in the well 
of the Electro-Metals Co. The yield of well no. 2 also leads to 
the inference that the Saint Peter was not reached. Large as is 
the yield from the Galena it would appear that wells at Keokuk 
should be drilled to the base of the Saint Peter sandstone and 
that for certainty samples of the cuttings should be submitted to 
a competent geologist. . 

"-' WELL NO.2, J. C. HUBINGER BROS. CO. 

On the 25th of July, 1928, S. B. Geiger completed a second deep 
well for the Hubinger Bros. Co. This is located 295 feet due 
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west of well no. 1 and is of the same diameters. The . depth is 
737 feet. The main flow came from 6$0 feet to the bottom. Al­
though this well is deeper than well no. 1, the discharge was much 
less-339 g.p.m. which later (December 1) had · fallen to 310 

, g.p.m. Thirty-four feet of 16 inch casing was placed on the 34 
foot level and 227 feet of 10 inch casing on the 459 foot level. 

Driller's log 

DEPTH IN FEET DEPTH IN FEET 

:Dirt and clay.............................. 0-34 Lime rock ....... _........................... 459-630 
Lime rock .... ,................................. 34-250 St. Peter's sand and rock ........ 630-737 
Shale ............................................ 250-459 

Mineral analysis of the J. C. Hubinger Bros. deep wells 

PARTS PER GRAINS PER 
MILLION 

Total solids .............. ~ ..................... :................................................... 3860 
Potassium ........... _ ...................................................... _....................... 115 
Sodium ..... _ .. , ................................................. _................................... 813 

~~~~i~ .. :::::::::::::::::::::::::::::::::::=::::::::::::::::=::::::::;:::::::::::::::::::::::::: 1~~ 
A=onium ....................................................... , ................. _............... 4.3 
Bicarbonate ........................................................... _........................... 301 
Sulphate ............................................................................. _............... 1490 
Chloride .............................................................................................. 690 

HYI'OTHETICAL COMBINATIONS 

Potassium chloride ............................. _ ............................................ . 
Sodium chloride ................................... _ .............. _ ........................ _ .. . 
Sodiu:in sulphate ............... _ .................. _ .......................................... . 

. ~a~~i::~p~~feh~~.~ ... :::::=::::::::::::::::::::::::::::::::::::::::=::::=::::::::::=::::: 
Calcium carbonate ..................................................................... _ .... . 
Silica ................................ - .......................................... _ .................. _ .. . 
Alumina and ferric oxide .................................................. _ ........... . 
Hydrogen sulphide ........... : ......... : .... : ............... _ .... _ .......................... . 

~O.XVILLE 

220 
966 

1341 
406 
364 
212 

26 
20 

1.4 

GALLON 

225.0 
6.7 

47:4 
4.8 

10.9 
0.3 

17.6 
86.9 
34.2 

12.8 
56.4 ' 
78.2 
23.7 
21.2 
12.4 

1.5 
1.1 

WELL NO.2 OF THE · STATE HOSPITAL FOR INEBRIATES 

Record· of strata 
'DEPTH IN FEE'!' 

Pleistocene and Rece'nt '(25 · feet' thiCk) : 
, .Clay,··light buff; slightly calcareous ..... _ .. , ...................................... :.............. 10 

Des Moines: . 
Shale, idrab ............................. ; .......... : ................................... ~ ...... :.................... 25 
Sandstone, gray, micaceous ................................. _ .... __ ........ _ .... _ ....... _........ 33, 36 
Limestone, gray, rapid effervescence in cold dilute HCl; powder of 

. shale in cuttings ................... , ...................................................... : ....... _..... 48 
Shale, .light blue·gra,y, fissile ................................................................•......... 60 
Limestone, light gray, rapid effervescence, earthy, in large chips .......... 70 

. Shale? dark , gray .......................................................... , ..................... ~............. 80 
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Limestone, as at '48 feet; powder of shale; pyrite ____________________ ________________ 90 
Limestone, white, rapid effervescence, in concreted fine sand and pow-

der, highly arenaceous with small imperfectly rounded grains of 
quartz), which occasionally are seen imbedded ___________ _______ _________________ 100 

Sandstone, light gray, fine irregular grains' _________________ ___________________ ____________ 108 
Shale, black, coaly ______________ __ ______ ' ________ __ ________ __ __ _____________ __ __ _______ ______________ ~-------- 117 
Shale, gray, hard _______________________________________________________ _______ ____ ________ ____________________ 125 

Shale, calcareous, cherty ~ pyritiferous, in powder and fine sand ____ ________ 130 
Limestone, reddish, reaction rapid; chert; shale; all in coarse washed sand ________________________ ________________ _____________________ __ ____________ ____________ ___ __ ______ ______ 142 
Shale, dark and light gray, arenaceous, micaceous ____ __ ________ ___________ ___________ 150 
Shale, dark gray; sandstone, light gray, of minute quartzose-angular 

grains, argillaceous, noncalcareous _____________________________________ : ____________ 159 and 161 
Limestone, light gray, rapid reaction, with obscure minute structure as of foraminifers ______________________________________________________________________________________ 170 

Limestone, blackish, hard
" 

argillaceous, response rapid, pyritiferous ____ 175 
Limestone, as at 170 feet ______________________________________________ ________ ___ ___ ________________ ,___ 179 
Shale, drab, fissile; 5 samples ________________________________________ ___ __ _________________ : _________ 190-225 
Coal _____________________________ !_____ _________________ _____________ ______ __________ ___ __ __________ __________ _________ 225 
Shale, light gray, highly siliceous _____________ • _______________________ : ________ :_________________ _ 240 
Limestone, gray, effervescence rapid, fossiliferous _______ _____________________________ 250 
,Shale, blackish ________ _____________ __ ____ __________________________________________________________________ 260 

Sandstone, gray, moderately fine, some ·secondary enlargements ___ _________ 270, 280 
Sandstone, gray, coarser than above, soft, friable, ______________ : __________ : __ ___ :_~_ , ' 290 

~:~~:~~~:: tit~ \r:k ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::~::::::::::::::: ,~~~ 
Limestone, brown, mottled, earthy, rapid reaction____________________________________ 315 
Sandstone, whitish, fine, grains imperfectly rounded, calcareous ____________ ' 320 
Sandstone, ' rather fine __________ :___ ___ ___ __ ____________________ ________________________ ____________________ 33'0 
Limestone, blue-gray, rapid effervescence ___________ ___________________________________ ~ _____ 340 

LAKE MILLS, WINNEBAGO COUNTY 

Lake MUls has two city wells, one 235 feet deep, 6 inches in 
diameter, 'with a pumping capacity of 80,000 g.p.d., the other 
374 feet deep, 12 inches in diameter, with a pumping capacity of 
250,000 g.p.d. The average town consumpt~on is 40,000 g_p.d. 
and maximum 60,000 g.p.d. The record given below is of the 
deeper well. 

Be-cord of strata in the Cit,!! well of Lake Mills 

DEPTH IN FEET 

Pleistocene and Recent ' (1~2 (') fe!!t thick; top 1'266 feet above sea level) : No samples ___________________________________________________________ : __________________________________________ _ 

Devonian and inferior Paleozoic terranes· (penetrated 252 feet; top 1144 
feet abbve sea level) : " , • , , 
Dol_omite, pright buff in, small chips and crystalline sand "rotten \ 

, rock" of label ___________________ : ____ , ___________________________________________________ ~-------------- 122, 134 
Dolomite, ,gray, crystalline-granular, soft, in small chips; 4 samples ____ H4-174 
Dolomite, buff, fine-grained, large dark argillaceous residue ___________ _______ 184-194 
Limestone, drab, ':fi:D.e-grained, rapid effervescence in cold dilute 'HCl ' 204 
Limestone, blue-gray, Illoderat,ely rapid ,effervesc,ence ______________ , _______ :___ __ ___ 214 
Limestone, magnesian, blue-gray, reaction moderately slow, fine-grained 224 
Limestone, grayish buff, fine-grain~d, some calcite, response moderately 

. rapid. ' All the above 'from , 184 feet h::rve' large argillaceous resi- ' ' :" '. ", 
due _____ ___ , ____ ____ __ ____ .-------------------------------__________ . ____ , ____________ ~ __________________ : __ : ____ ,_, '234 

Limestone, light blue and yellow-gray, fine-grained _______________ • ___ :_:_ •.... :._. -' , 244 ", 
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'Limestone, magnesian, or dolomite, gray and · grayish buff, soft; fine-
grained, earthy; 3 samples .~" ............. ' ................................................ _. 254-274 

Dolomite, gray, with chert at 284; 3 samples .................................. _ ........... . 284-304 
Dolomite, light blue· gray, earthy, soft, fine and close-grained, large 

argillaceous and minutely quartzose residue ........................................ 314 
Limestone, . light gray and white, soft, earthy, argillaceous with finely 

divided cryptocrystalline silica; rapid 'effervescence ........................ . 324 
Dolomite, gray·buff, fine crystalline'granular, much. white chert, large 

drab argillaceous residue with finely divided white chert ·and min· 
ute grains of crystalline quartz ............................................................ 334 

Dolomite, gray, fine crystalline·granular, soft, argillaceous ..... _............. 344 
Dolomite, in fine buff crystalline sand .......................................................... 354, 364 
Limestone, crystalline'earthy, 'disseininated calcite crystals, encrinital .... 374 
"Shale and whitish clay, unable to get samples" 

N otes.-The shale reached at the bottom of the well, 892 feet 
above sea level, appears to correspond with the Maquoketa 
reached at Mason City at 824 feet aQove sea level. But with the 
gradient of the summit, of the Saint Peter from Mason City to 
Blue. Earth, Minnesota, the Maquoketa would be reached some 
75 feet higher, provided that the Galena and Platteville main­
tained their thickness to the Northwest from Mason City to 'Lake 
Mills. It is possible that the basal dolomites of the section be­
long to th~ Galena, which they much resemble lithologically and 
that the shale at 374 feet is the Glenwood. 

Mineral Content of City W ell, Lake Mills" 

P.P.M. 
Bicarbonate ....•................................. : ................................. 456. 
Chloride .................................. _ ................................... _..... 2. 
8.ulfate ................................................................................ 37. 
Silica ..................................... :............................................ 43.8 
Fe,O.+Al,O • ...................................................................... , 5.8 
Calcium .............................................................................. ,99.7 
Magnesium ..... _ .... :............................................................. 34.5 
Na + K as Na ................................................................ 23.6 

Total solids .............................. ~ ....................................... 474.4 

LAKE PARK, DICKINSON COUNTY 
(A.ltit~!de 146~ feet) 

WELL OF CHI~AGO, ROCK ISLAND AND PACIFIC RAILWAY 

. The following account of this well is given by Meinzer in his 
repo:rt on the underground waters of Jackson county, Minne­
sota.56 "At Lake Park, Iowa, «< «< ~ a well was drilled for the rail­
way company Ito a depth of 804 feet. Stratified formations, . . 

* Analysis by Harry F. LewIs, Chemical La.boratory, Cornell College, Mount Vernon, 1927. 
56 Geology and Underground waters of Southern Minnesota., U. S. Geol. Survey Water Sup­

ply Paper 256, p. 213. 
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chiefly shale, sand, and sandstone, seem to make up about 550 
feet of this depth. The upper portion is supposed to be Cre­
taceous in age, but the lower probably belongs to some Paleozoic 
formation. This well was tested with a la.rge steam pump. ·The 
water is said to stand nearly 300 feet below the surface, or about 
1200 feet above sea level. It is so hard that it is not used by the 
railway company." 

LAMONI, DECATUR COUNTY 
(Altitude 'lU9 feet) 

The city 'well of Lamoni 'was drilled in 1927 by Thorpe Bros. 
Well Co. of Des Moines and is 2193 feet in depth. The diameters 
are from 16 to 6% inches. The casing is as follows: 94 feet of 
16 inch pipe from the surface; 552 feet of 12 inch pipe' from the 
surface; 271 feet of 10 inch pipe from 510 feet to 781 feet; 500 
feet of 8 inch pipe from 635 feet to 1135 feet; 561 feet of 6% 
inch pipe from 1070 feet to 1631 feet. 

The static level was found to be ·340 feet below the surface of 
the ground, with a drawdown to 525 feet when pumped on test 
for 36 hours at the rate of 100 to 105 gallons per minute. 

City well, Lamoni, Driller's log 

DEPTH IN FEET 

Clay and boulders ...................... 0-100 
Sand .............................................. 100-105 
Clay .............................................. 105-15'0 
Mhed shale .............. .................. 150-158 

. Rock .............................................. 158-160 
Rock, very hard .......................... 160-165 
Blue shale .................................... 165-169 
White shale ........................... , .... 169-175 
Lime rock .................................... 175-218 
Black shale .................................. 218-231 
Gray shale ............................. : .... 231-237 
Lime rock .................................... 237-259 
Black shale .................................. '259-264 
Lime rock .................................... 264-291 
Black shale .................................. 291-302 
Gray shale .................................... 302-322 
Lime rock ........................ ............ 322-337 
Black shale .................................. 337-345 
Black shale streaked with rock 345-410 
Black shale ................................ 410-430 
Lime rock .................................... 430-442 
Gray shale .................................... 442-464 
Black shale .................................. 464-475 
Gray shale .................................... 475-543 
Black shale .................................. 543-557 
Coal ........... : .................................. 557-559 

DEPTH IN FEE:'!' 

Fire clay...................................... 559-562 
Black shale .................................. 562-590 
Lime rock .................................... . 590-600 
Soft light shale ....... , .................. 600-611 
Black shale .................................. 611-620 
Light shale .................................. 620-642 
Black shale .................................. 64?-6'52 
Gray shale .................................... 652-680 
Gl'ay ,sandy shale ........................ 680-770 
Sandstone, hard, cut very fine .. 770-780 
Sand and lime, cut very fine ...... 780-785 
Sandstone, hard, cut very fine.. 785-839 
Hal'd black lime ........................ 839-842 
Black shale ................................... 842-885 
Sandstone, hard and fine .......... 885-955 
Blue shale .................................... 955-1010 
Black shale .................................. 1010-1015 
Gray sandy shale .................. ; ..... 1015-1070 
Lime rock .................................... 1070-1120 
Shale ............................................ 1120-1180 
Lime ............................................ 1180 ... 1185 
Shale ............................................ 1185-1195 
·Light shale streaked with rock .. 1195-1223 
Hard lime .................................... 1223-1363 
Light shale .................................. 1363-1367 , 
Hard lime .................................... 1367-1481 
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Gray shale ............... _ ............... l .. • 1481-1523 Sand and lime, fine, hard, most· 
Lime rock ........ L .. : ...................... 1523-1543 ly sand ..................... _ ........... 2020-2075 
Hard lime .................................... 1543-1870 Lime rock ............. : ...................... 2075--2100 
Lime streaked with shale .......... 187{}-1876 , Sandstone, water·bearing ........ 2100-2143 
Hard 'lime ........................... _ ....... 1876-1920 Flinty lime .................................. 2143-2193 
Dime rock ......... _ ......................... 1920-2020 

Record of strata 
DEPTH 'IN FEET 

Sandstone, fine, highly irregular grains, rusted; pyrite· .......................... 900 ' 
Sandstone, as above ............. ,._ ......................................................................... 940, 950 
Shll-Ie, blackish ........................................................................... _ .......... _......... 990 
Sandstone, gray in mass, fine irregular grains, argillaceous, calcareous 1030 
.Limestone, white, earthy, in large flaky chips, rapid effervescence in 

cold dilute HCI; much quartz sand; some black shale ... _ .......... _ .... . 
Limestone, light gray, rusted, crystalline· earthy, rapid effeJ;"Vescence; 

'chalcedonic silica in chips, sandstone in sand and calciferous chips 
Sandstone, in sand and chips, fine· grained, some cryptocrystalline silica 
Limestonjl, light gray, crystalline· earthy" rapid effervescence ; shale, 

blue·gray ...................................................................................................• 
Limestone, gray, very fine·grairied, hard ............... _ .................................... . 
Lim,estone, yellow· gray, calcilutite; gray, softer and in some chips 

arenaceous and involving chips of chert; greenish shale ... _ .......... _ .. 
Limestone, very light gray, soft, in thin flakes, rusted buff in mass ... . 
Limestone, or dolomite, brown, hard, fine· crystalline, slow effervescence, 

1070 

1090 
1110 

1120 
1140 

1150 
1170 

in sand; limestone, gray, rapi<il effervescence .................................... 1190 
Shale, light blue· gray, calciferous; 3 samples ......... _ ................................. 1200-1220 
Limestone, light gray, rapid effervescence, in sand; with light blue 

shale at 1240; 3 samples ........... _ .......................................................... _.1230-1250 
, Limestone, gray and yellow· gray, rapid effervescence; some light brown 

chert ..................... _ ................................................ _ .................. _ .... _ ........ . 
Limestone, gray and brown·graY; fossiliferous, :t:apid effervescence, in 

large chips .............. l ••••• ••..••. _ ••••••......•.•••••• _ .••••••• _ ......•..••••••• _ .••••••••• _ ••••••• 

Limestone, gray and drab, some mottled, rapid effervescence, in sand . 
Limestone, gray, rapid effervescence, much brown and white chert, in 

sand ......... _ .............................. _ .................. _ ............................................ : .. 
Limestone, gray, light gray and whitish, rapid effervescence, in sand; 

1260 

1270 
1280 

1290 

chert, gray and white, and chalcedonic silica; 6 samples ................ 1300-1350 
Shale, light blue.gr~y, .~ friable masses, with minute quartz grains; 

some chalcedonlc slhca ....... _ ........ _ ........................................................ . 
'Limestone, light gray; milky white translucent silica ............................. . 
Silica, chalcedonic, milky white, in small chips; whitish limestone, rapid 

1360 
1370 

effervescence; some shale; 5 samples ................................. _ ...... _ ....... :.1380-1420 
Limestone, gray and white, rapid effervescence; a, little silica as 

above; considerable gray shale ....................................... l .•••• _ ••••••••••••••• 

Chert, gray; shale, hard, blue· green, in flakes, calcareous; gray liIlle· 
1430 

stone; "caving some" ............................................. _ ............... ~_ .......... . 
Limestone, gray and yellow'gray, rapid effervescence; chert; pyrite; 

shale ............................................. _ .................................................... : ........ 1470,1480 
Shale, light blue· gray, plastic, calcareous, some brown·gray; 4 samples 1490-1520 
Limestone, gray, light gray, and whitish, rapid effervescence, fossili· 

ferOliS at 1570; with more or less gray and drab shale and a little 
brown inflammable shale, in chips and powder; 8 samples .............. 1530-1600 

'flotes.~As many of the labels of the cuttings taken above the 
depth of, ~OO feet have become illegible, the geologic section of this 
depth is best made out from the driller's log. This portion of the 
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section clearly lies in the Pleistocene and the Pennsylvanian. 
The sandstone at the base of the Pennsylvanian may pe com­
pared with that found at the same horizon at Atlantic, Glenwood 
and Bedford. After passing this sandstone the well was tested 
-at 1080 feet-and was found to yield 55 g.p.m. 

The cuttings below 1070 'feet at ' lea~t as far as i523 feet, are 
typically Mississippian in the predominance of light gray and 
whitish limestone, nonmagnesian in its reaction to acid, milky 
white, more or less translucent cryptocrystalline silica, and con­
siderable shale. The shale from 1481 to 1523 feet in the log 
(samples from 1490 t'o 1520 feet) is assigned to the Kinderhook. 
This gives a total thickness to the Mississippian of 453 feet, with 
its top at 53 feet above sea level and its base 400 feet below that 
datum. The map of the elevation of the top of'the Mississippian 
published in our 1912 report gave this elevation at Lamoni at 
about 25 feet above sea level. . 

The limestone from 1523 to 1600 feet thus falls to the Devonia~ . 
. Below this it is hardly safe without cuttings to assign the geolog­
ical formations. Probably the water-bearing sandstone at 2100 
feet is referable to the Silurian, corresponding to the Silurian 
water-bearing sandstone at Des Moines. At Des Moines the 
strata measure (Greenwood Park well) 947 feet from the base of 
the Coal Measures to the base of the Silurian. At Lamoni the 
distance . from the base of the Coal Measures to the base o~ the 
water-bearing sandstone assigned to the' Silurian measures some­
what more-1073 feet. It is hardly probable that this sandstone 
at 2100 feet (1077 feet below sea leyel) is the Saint Peter. In 
that case · the Saint Peter would be actually higher at Lamoni 
than at either Des Moines (1114 feet below sea level) or Stuart 
(1176 feet below sea level), while the Saint Peter in the south­
western county \)f .the state is shown by the deep boring . at 
Nebraska City to reach at least 1853 feet below that level. The 
absence in the log of any shale referable to the Glenwood also 
m'akes against the placing of this sandstone with· the Saint Peter. 

LEON 
(A ltitude 1019 f eet) 

On May 23, 1923, Thorpe Bros. Well Co. finished a well for -
the town of Leon at the depth of 1103 feet. The well stood a 
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pumping test of 35 gallons per minute. The static head was ,380 
feet below curb, the pumping head 490 feet. The altitude of the 
well is ·about 1100 feet above sea. Casing was inserted as fol­
lows: 

DEPTH, FEET LENGTH, FEET 

333 
DIAMETER, INCHES 

16 o to 333 
149 8 in. 

'148 2 in. 
344 10 in. 
127 5 . in. 

12 310 to 462-8 in. 
10 

8 
6 

442-8 to 590-10 
565-2 to 910 
872-7 to 1000 

Driller's Log of Well at Leon 

THICKNESS 

Yellow clay .............................................. .................... ..................... . 
Blue clay 'and stone .................................... : .................................. . 
Blue clay and boulders ................................................................. . 
Yellow clay ................... : ........................ J ••••••••• ••••• ••••••••••••••••••••••••••• 

Blue clay ........................................................................................... . 
Sand ....................................................................................... ............. . 
Blue clay ........................................................................ , ................ . 
Gravel ................................................................................................. . 
Blue clay ......................................................................................... . 
Clay and gravel ............................................................................... . 
Blue clay ................... : ..................................................................... . 
Limestone ................................... "'." .................. _ .......... _ .................. . 
Coal ..................................................................................................... . 
Soapstone .............. : ................................................................... ......... . 
Bluestone ........................................................................................... . 

~;~~ :.~~.~:.~.~~~~: .. :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
White soapstone ......................................... : ................................... . 
Limestone ......................................................................................... . 
Black slate ....................................................................................... . 

:la:c~ ~~:r:t~~~ .. :::::::::::::~:::::::::::::::::::::::::: : :::::::::::::::::::::::::::::::=::::: 
Coal ...................................................... ! .........•............•.. . .. _ .............. . 

Blue soapstone ............................. _ ................................................ . 
White limestone ........................................... _ .............. _ ...... _ ...... _. 
White soapstone ............................................................................. . 
Hard white soapstone ................................................................... . 
Coal ................................................................................................... . 

~~~~r~~~;!~~: ;~t;;··:::::::::::::::::::::::::::::::::::::::::::::::::~::::::::::::::::=: . 
Lime ............................................................................. _ ........ _ .......... . 
Sandrock, some water ............... _ .................................................. . 
Shale ................................................... .... _ .......................... _ ............ . 
Sandy shale .................... _ ................................................................ . 
Sand rock ......................................................................................... . 
Shale ....................................................................................... _ ........ . 
Lime ................................................................................................. . 
Sandrock ...................................................................... : ................ _ .. . 
Lime ............... _ ............ _ .................................................................. . 

. Sand ............................................................................. _ ............ _ .... . 
Shale ..................................................................... _ ........ _ ................ . 
Sandrock .................................................................... : ...................... . 

FEET 

55 
80 

5 
23 
22 

1 
40 
14 
47 

6 
40 

2 
2 
7 

10 
23 . 

1 
62 
4 
6 

20 
1 
4 

33 
7 
6 

44 
4 

56 
15 
10 
20 
95 
20 
10 

5 
10 

5 
7 
8 
5 
5 

DEPTH 
FEET 

55 
135 
140 
163 
185 
186 
226 
240 
287 
293 
333 
335 
337 
344 
354 
377 
378 
440 
444 
450 
470 
471 
475 
508 
515 
521 
565 
569 
625 
640 
650 
670 
765 
785 
795 
800 
810 
815 
822 
830 
835 
840 



LOG OF LYTTON WELL 

Shale ................................................................................................. . 
Sandrock ........................................................................................... . 
Lime ..................................................................................... ~ ............ .. 
Shale ... _ ............................................................................................. . 

. ~~!~r~~~k ~~~~ ... ~~~~~ .. :::::::::::::::::::::::::=::::::=::::::::::::::::::::::::::::::::: 
Shale ..................................................................... _ .......................... . 
Lime .................................................................................................. .. 
Shale .................................................................................................. .. 

DECATUR COUNTY FARM WELL ' 

20 
10 
20 
4 
6 

10 
84 
26 
83 

245 

860 
870 

. 890 
894 
900 
910 
~~4 

1020 
1103 

Messrs Thorpe Brothers 'of Des Moines have furnished the 
following log of a well which they drilled for the Decatur County 
Farm near Leon. This well was finished in December, 1924, and 
is cased with 10 inch pipe to 287 feet, thence with 8 inch pipe to 
343 feet, 6 inch pipe to 636 feet and 282 feet of 4 inch pipe at the 
bottom. The static head of the well is 380 feet below curb and the 
pumping head is 440 feet below curb. The well yielded 30 gal­
lons per minute under' a forty-eight hour pumping test. 

Drille1"s log of well 
THIC'KNESS 

To solid formation . ............................ , ........................................... .. 
Lime ................................................................................................... . 

~~!~ ;~~k··:::::::::::=::~:::::::::::::::::=:::::::::::::::::=::::::::::::::~:::::::=::::::::::: 
Shale ............................................... _ ............ _ .................................. . 
Sand rock ................................. _ ....................................................... . 
Shale ................................................................................................ .. 
Lime ...................... ~ ............................................................................ . 
Shale ....... ~ ................. _ ...................................................................... . 

LYTTON, SAC COUNTY 
(Altitude 1225 feet) 

FEET 

343 
5 

288 
30 
42 
45 

167 
5 

17 

DEPTH 
FEET 

343 
348 
636 
666 
708 
753 
920 
925 
942 

The well from which Lytton draws its public 'supply is 1150 feet 
deep and 8 inches in diameter at top. It was completed in 1920 
by Thorpe Brothers of Des Moines. Water was found in sand­
stone at the bottom of the drill hole. The static level is "about 
75 to 100 feet". The cost of the well and pumping machinery 
combined was $10,000. 

Log of Well at Lytton, Sac County 

THICKNESS DEPTH 
FEET FEET 

Black dirt ................................................................. _....................... 10 10 
Yellow clay........................................................................................ 30 4·0 
Sand .................................................................................................... 10 50 
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~~~!e ~~~~ .. :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Lime rock ......................................................................................... . 
Shale ................................................................................................... . 
Lime rock ....................................... , .....................• , .......................... . 
Shale ............................................................. ; ...................................... . 
Lime ................................................................................................... . 
Shale ................................................................................................... . 
Lime ... f ••••••••••...••••••••. : ••.••••••• , •••• : ••••••••••• •••• ~ ••••••• , ••••••••••• : •• : ••••••••••••••••••• . 

Sand rock .................................................................................. ~ ...... . 
Lime .................................................................................................... . 

110 
60 
30 
80 

190 
40 

200 
20 

285 
75 
io 

160 
220 

' 250 
330 
520 
5'60 
760 
780 

1065 
1140 
1150 

100 feet of 10 inch standard pipe. 8 inch pipe extends down 160 feet to solid 
formation, 6 inch-pipe 420 feet, 4 inch pipe to the bottom . 

. , 
MA,..lqSON, POCAHONTAS COUNTY 

(Altitude 1297 feet) 

CITY WELL NO.2, 1928 

This well was completed May 1, 1928, by the Thorpe Brothers 
Well Co. of Des Moines. The depth' is 1211 feet and the diam­
eters are 16 ' to 10 inches. The static level is 90 feet from the 
top of the curb. The well tested to '300 g.p.m. with a draw dpwn 
of 2 feet on a 24 hour run. On a half hour test the yield was 360 
g.p.m. with a draw dawn of 5Y2 feet. Besides 59 feet of tempo­
rary pipe the following casing was placed: 

400 feet of 16 inch pipe froni surface , 
616 feet of 12 inch pipe from 350 feet to 966 feet 
191 feet of 10 inch pipe from 904 feet to 1105 feet 

The cost of 'the well ~as $20,000. 

Record of strata, Manson City u,'ell, 19£8 
DEPTH IN' FEET 

- Pleistocene and Recent (230 feet thick; top 1232 feet above sea level) : 
Till, blue· gray, calcareous ............................................................................. . 
Sand and gravel, up to 1 cm. diameter, pebbles of drift; ll).mps of gray· 

blue clayey till. In one lump out of 15 pebbles 6 were limestone, 7 
. dolomite, 1 crystalline rock, 1 'black shale. In the coarse sand of 
this lump out of 24 grains 11 were limestone and dolomite, 1 shale, 
8 quartz, 4 other minerals of crystalline rocks ................................... . 

Till, yellow, calcareous .................. : .......................... c ..................................... . 
Clay, yellow, ~nely arenaceous, calcare~us, in hard lumps .................... .. 

Cretaceous ('), Pennsylvanian ('): . 
Shale, gray, in hard concreted masses inclosing pebbles of light gray 

and yellowish limestone, gray and buff dolomite, red sandstone, 
yellow jasper, one of red quartzite .................................................... .. 

Shale, blue· gray, few pebbles ....................................................................... . 
Shale, drab, in hard 'concreted masses, inclosing many pebbles. Out of 

37, 21 were of limestone, 8 of dolomite, 3 red ' clay·ironstqne, 2 
white quartz, 1 arkose; limestone and dolomites we,re of various 
textures and colors ................................................................................... . 

Shale, drab, iI!. hard masses inclosing much coarse material, mostly vari. 
colored limestones and )dolomites; one . pebble, 3% cm. diameter, 

35 

90 · 
174 
200 

230 
250 

270 



RECORD OF STRATA AT MANSON 

sU:bangular smoothed, of light gray, fine calciferous sandstone; one 
decayed mass, 1 inch diameter, greenish gray, ' of crystalline rock 
with , 'disintegrating particles of crystalline quartz and other min-
erals _ ... _ ............................................ : ............ ~ ........ _ .................................... . 

Shale, drab, as above, nodule of drab feebly calcareous shale, large 
. fragment of gray fine· grained crystalline limestone ......................... . 

Shale, drab, as above, included chips r:tnd pebbles mostly limestones 
and dolomites; some brick red finely arenaceous shale; some 
weathered ' feldspathic material. Of identified grains of included 
sand up to 3 mm. diameter 23 were limestone, 9 magnesian lime-
stone, 13 silica or feldspar, 2 red shale, 1 red sandstone, 1 gray 
sandstone, 1 arkose ............. _ ............ ! .... . .......... _ ......... . . ........................... . 

Shale, drab as above ...................................................................................... ' 
Shale, drab, as above, inc~uded chips and pebbles examined were 

mostly limestone and dolomite, several of feldspar with or without 
associated ferro magnesian minerals ..... _ .......................... __ .............. . 

Shale, drab, as above ................ : .. : ............................................. _ .................. . 
Limestone, light buff, soft, SOIl).e crystalline, some .earthy, rapid ef· 

£.ervescence in cold dilute HCI ....................... ; ........... _ ........................ . 
Shale, drab, in concreted masses, inclosed chips of shale, calcareous; 

with inclosed fragments ,of limestone, etc.; at 360 blackish, fine, 
hard, only microscopically ' arenaceous, pyritic; at 400 with fewer 
included pebbles : buff dolOJ,nite, drab limestone, red ochreous 

247 

280 

290 

300 
310 

320 
330 

340 

ironstone; arkose, red jasper; 13 samples ' .......................................... 350-470 
Shale, blackish, in concreted masses, inclosed chips of shale, noncalcare· . 

ous ... _ .... _ ...................... _ .. _ .......................................... _ .............. _ ...... _ .... . 
Shale, drab, 'in concreted masses. At 510 feet of 20 included frag· 

ments examined 6 we:e limestones, 2 dolomites, 2 calcite, 4 sand·, 
stone, 5 quartz of vanous colors, 1 feldspar·quartz aggregate. At 

480 

500 f eet chips of shale noncalcareous; 5 samples .............................. 490-540 
Sandstone, gray, coarse to fine, some pebbles up to 5 mm. diameter; 

grains subangular, mostly of clear quartz, some yellow, pink, and 
bright red; some white limestone; some feldspathic .......................... 550 

, Sandstone, as above; shale, chocolate brown and drab ..... _....................... 560 
Shale, drab and blackish ................................................................................ 570 
Sandstone, as at 550, concreted into friable masses with drab shale ...... 580, 590 
Shale and sandstone as above; coarse irregular grains, considerable 

arkose; fragment 2 cm. diameter of gray and red argillaceous 
arkosic sandstone, noncalcareous; pebble of gray siliceous rock of 
15 mm. diameter with irregular pitted surfaces _ ............................ . 

Shale, ocher· red, concreted with much quartz sand; 4 samples .............. .. 
Sandstone, red, fine subangular grains, with much red shale .................. .. 
Shale, red, noncalcareous; '10 samples ....................................... : ................ .. 
Sandstone,. fine to coarse, grains of clear quartz highly irregular, some 

600 
610-640 

650 
660-750 

yellow and pink; feldspathic material; chips of fine red argil· 
laceous sandstone; all concreted in friable masses with' red shale.... 760 

Shale, blue· gray and red ................................................................................ 770-780 
Sandstone, fine to coarse, grains irregular; some yellow quartz; some 

of feldspathic rock ; ·bluish sandstone very fine· grained ; fine red 
sandstone; red and gray shale ............................................. ,................ 790, 800 

Shale, drab and red, plastic ............................................... _ ......................... 810, 820 
Sandstone, fine to coarse, grains irregular, some yellow and red quartz; 

a little feldspathic rock; in friable masses with red shale ............ .. 
Shale, red, some blue ............. , ......................... _ ....................... , ...................... . 
Sandstone, 'irregular' grains, fine to coarse, a little limestone and cal· 

cfte; concreted in friable masses with gray shale ............................. . 
Shale, ,drab and blackish ....................................... _ ......................................... . 
Shale, blue-gray ........................ : ............................................................ _ ........ . 
Sandstone, coarse to fine, some grains rose·red and yellow, considerable 

feldspathic material, 'considerable limestone very light gray, of 
rapid effervescence, and yellow and blue· gray, of slow effervescence; , 
fine red sandstone; ,chips of shale; fragment of "fine arkosic 

830 
840 

850 
860 
870 
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sandstone with quartz, altered feldspar, ferromagnesian and al-
tered ferromagnesian minerals; some of the latter staining the sur-
rounding grains' '" ________________________________________ ... __ .... _ .... ______ ...... __ .. _ .. ___ .. _ .. _._ 

Shale, drab, some red _ ... ___ .. _____ . __________ ... ~._ .... ____ ._ .... __ . __ ...... _ .. _ .. _ ... _ ...... _ ....... .. . 
Sandstone, blue·gl·ay in mass, :fine irregular grains of clear quartz, sec­

ondary enlargements; feldspathic material,. limestones, whitish, 
light yellow and gray, some of rapid effervescence, some of slow; 

880 
890 

concreted with much drab shale . ______ ..... __ ....... _ .......... _ .... _ ..................... 900,910 
Shale, reddish gray, in lumps ._ .. _ ............. __ ..... _ ............ _, .............. __ ... _. __ ........ _ 920,930 
Sandstone, coarse to fine, inegular grains, some pink quartz; "frag' 

ments of light gray feldspar, arkosic sandstone, and fine iron· 
cemented sandstone";* limestone whitish and drab; much drab 
and red shale in chips and lumps ............ __ .... _ .......... _ .... __ _ ...... _ ............ 940,950 

Shale, drab with reddish tinge concreting quartz sand as above, arkose 
and limestone .. __ .. _ .. _ ....... _._ ... ____ ._ ........ ___ ... _ ... __ ..... ___ ... _ ...... _ ..... __ ............... . 

Shale, drab, plastic, arenaceous _ .... _ .............. _ ............ _ .... _. __ ........................... . 
Shale, drab, some red, concreting much arkose, a little gray limestone; 

fragment 1.5 cm. diameter composed of "fl'agments of white feld· 
spar, quartz, and sOll1e ferromagnesian mineral altered to iron 
oxide. There are veinlets of' clear calcite through the mass and 
what appear to be joint surfaces covered ~ith a light green min-
eral 0.1 to 0.3 mm. thick' '* ....................................... : ........................... . 

Shale, drab, in small chips and 'lumps, wi~h much arkose and grains of 
:fine and coarse quartz sand as above ................................................. . 

Sandstone, arkosic, grains of quartz lIP to 1.5 mm. diameter, ill·rounded, 
~ome .secondary enlargements; much drab shale, some red shale, 
In chI ps ................................................................................... _., .............. . 

Arkos~, in ma&s gray, ' speckled whitish; much feldspathic material in 
whitish chips up to 7 mm. diameter, ' some speckled with blackish 
mineral; quartz grains :fine to coarse, irregular, some pink and 
yellow ........................................ _ ............................. _ ................ _ ................. . 

Shale, drab, in hal'd lumps, concreting coarse material as above __ .... ____ __ 
Arkose as at 1010; whitish feldspathic grains up to 5 mm. diameter .. __ 
Arkose, purplish red in mass, speckled white; chips of shale and :fine 

red sandstone; quartz sand grains up to 5 mm. diameter .... __ . __ .. __ . 
Arkose, as above, fragment of rolled pebble of yellow silica 12 mm. in 

diameter; red shale; one" arkosic fragment 5 mm. diameter seems 
to be a single fragment of a ferromagnesian granite with probably 
augite as the .carrier of the iron. Spots of pyrite in the ferro· 
magnesian minel'al. Ochreous spots between quartz and feldspar 
on some surfaces' '* ... __ ..... ____ ............. __ . __ ... __ .. __ . __ __ .. __ .......... __ .......... ____ ..... . 

960 
970 

980 

990 

1000 

1010 
1020 
1030 

1040 

1050' 
Arkose, drab,. s:peckle~ wh~te in mass; constituents as above, whitish 

feldspathlc matenal, quartz sand, drab shale; 5 samples .... __ ..... ____ .1060·1100 
Sandstone, coarse, up to 6 mm. diameter; rusted, rolled pebbles of 

limestone; chips of sandstone, feldspathic material, micaceous 
material, shale ............................................ _ ............................................... 1110, 1120 

Arkose, as at 1060 .... __ ....... __ ......... ____ ... ____ .. ___ ...... _ .............................. _........... 1130 
Arkose, gray, fine to coarse, much white feldspathic material. At 

1160 one fmgment 10 mm. in diameter" of . gneissic rock which 
has layers .of quartz and feldspar separated by irregular layers of 
what seems to be chlorite to give greenish color and gneissic struc· 
ture" ;" 3 samples ....................................................... __ ................ __ ....... 1140-1160 

No sample ... _ ............................ _ ........................ _ .............. _ ....... _ ..... _................... 1190 
Arkose, light reddish brown in mass, in chips and sand. Reddish sand· 

stone of micI'oscopic grains of clear quartz, highly argillaceous 
and ferruginous; "arkosic sandstone and fragments composed of 
feldspar and ferromagnesian minerals; somewhat less than one· 
half of the samples in bulk;' '* 3 samples ......... __ ...... _ ..................... __ 1200-1211 

* Determination by Dr. Earl T. Apfel of Syracuse University. 
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Driller' ~ log, Manson City well, 19!B8 

DEPTH IN FEET 
Soil, yellow clay and boulders 0-20 
BI e clay and gravel ______ __________ 2G-52 
Coarse gravel ____ __ _______________________ _ 52-58 
Blue clay ______________________ ______________ 58-92 
Sand __________________________ ____ __ ______________ 92-102 
Blue clay ____________________________ ___ __ ___ 102-145 
Sand _____ _______ ____________ __ __ __________________ 145-154 
Yellow clay __________________ ________ ___ ___ 154-175 
Blue clay ____________________________________ 175-340 

Blue shale, streaked with rock._ 34G-385 
Light blue shale, with rock ______ 385-525 
Rock __________ ____________ _ : ______________________ 525-528 

_ Red shale __ _______________ ______________ __ ___ 528-530 
Blue shale and rock ____________________ 53G-545 
Hard rock ________________________ : ___________ 545-560 
Rock (some sand running in 

from behind the pipe) ______ 56G-608 
Red shale ____________________________________ 608-683 
Rock _______ !_________________________ ____ ________ 683-692 
Red shale -____________________________________ 692-708 
Rock ____ ~ _____________ __ __ __ __ ____ ________________ 708-711 

, DEPTH IN FEET 
Red shale ____________________________________ 711-750 
Shaly rock __________________________________ 750-765 
Red' shale ____________________________________ 765-767 
Light blue shale ________________________ 767-825 
Flinty sandstone _______ _________________ 825-850 
Lime rock and shale ______ ___ _______ __ 85G-863 
Blue shale __________________________________ 863-875 
Rock ___ ___ ________________________ ____ ! ___________ 875-890 
Rock and shale ____ ________ _____ _____ __ ____ 89G-920 
Red shale ' ____________ ________________________ 920-946 
Lime rock ______________ ____ __________________ 946-960 
Blue shale ____________________________________ 960-981 
Rock ______ __________ : __ __________________________ 981-986 
Red, shale ______________________________________ 986-996 
Flinty rock __________________________________ 996-1004 
Lime and sand rock __________________ 1004-1105 
Sandstone (lighter in color and 

finer at 1140, with some water) __________________________________ 1105-1160 
Hard white sandstone ______________ 1160-1207 
Red sandy shale _____________ _____________ 1207-1211 

Notes.-The Manson city wells are' unique not only in the 
quality of their water but also in their geologic sectioll. This is 
clearly seen if the Manson section is compared with the strata 
pierced by other deep wells of the area. If the strata betwe.en 
here and Fort Dodge, 19 miles east of Manson, were continu­
ous, unchanged and horizontal between the two points, the drill 
at Manson would have entered the Saint Louis limestone at 
about 900 feet above sea level, 332 feet below the surface, and 
would have stopped in limestones of the Galena-Platteville. From 
the top of the 'Mississippian to the bottom of the well, it would 
have been predominantly in limestone. Instead, the drill did not 
reach the Mississippian or other liillestone formations and below 
the drift is almost wholly in shale, sandstone and arkose, some of 
the rock with the appearance of conglomerate. ' 

If the strata rose from Fort Dodge 'westward to Manson the 
' Mississippian limestones would be struck at a still higher level 
and the abnormality of the well section would be still greater. 
As to the, actual lie of the strata in this area, it is known that the 
Paleozoic formations dip westward as far as Webster City" as 
measured by the contours of the Saint Peter sandstone. From 
Webster City to Fort Dodge the Saint Peter -sandstone is about 
on the level. From Fort Dodge the Saint Peter rises from 406 
feet below sea level westward to 27 feet above sea level at Hol-
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stein, west-northwest to 323 feet above sea level at Cherokee, a,nd 
west-southwest to 249 feet below sea level at Rockwell City. The 
elevation of the Saint Peter at Rockwell City seems to preclude , 
any considerable downfold west of Fort Dodge in whose trough 
Manson, might be located . 
. If we entertain the supposition that the Mississippian and 

other limestones have changed to shales and' arkosic sandstones 
in the short distance west of Fort Dodge ,to Manson, we are met , 
with the fact that they carry 'through still farther west to Chero­
kee and Holstein, as well as southwest to Rockwell ·City. Not 
only the surface exposures but also the deep, wells of northern 
Iowa show that the Mississippian, is there predominantly of 
limestone. If the rocks pierced by the drill at Manson belong in 
whole or part to the Mississippian they must have been deposited 
under abnormal conditions. 

If the entire section at Manson below the drIft be assigned to 
either the Pennsylvanian or the Cretaceous or both, it remains 
abnormal both in thickness and in facies. At Manson ' the com­
bined thickness of the Pennsylvanian strata penetrated below 
the drift is 981 feet . At Fort Dodge (Beaver Products Co. well) 
~he thickne,~s of the Pennsylvanian is 70 feet, at Rockwell City 
160 feet, at Sorp.ers at,most 402 feet, at Gowrie 230 feet, at Hol­
~tein 170 feet, at Cherokee 495 feet, and at Herndon 100 feet. 

The facies of the cuttings also is abnormal, especially ' in the 
appearance of conglomerate and in the large amount of arkosic 
material. In some aspects they are strikingly similar to those of 
the De Witt well below the Saint Peter sandstone, and to :::imilar 
sections at Maquoketa and Preston, which the writer has inter­
preted as the fill of deep erosion channels cut in rocks of the 
Prairie du Chien during the int'erval preceding the deposit of the 
Saint Peter sandstone. 

The , exceptional character and thickness of the shales and 
arkose of the Manson well are explainable by a like hypothesis­
the fill with continental deposits, and finally with marine sedi­
ments also, of a valley of erosion. The depth of the valley, 
300 feet deeper than that of the Mississippi in northeastern Iowa, 
is notable. The arkosic material of the fill suggests that the 
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. 
headwaters of the river worked in the igneous rocks of the states 
bordering Iowa on the north. , 

The deposits themselves, so far as the cuttings reveal them, 
do not appear to offer conclusive evidence as to their age, whether' 
they were laid at the close of the long erosion interval preceding 
the deposit ' of the Pennsylvanian or of that preceding the Cre­
taceous~ The fact that Manson is located less than 5 miles west 
of the provisional eastern ' border of the Cretaceous would pre­
clude the expectation of finding there any great thiclmess of 
normal ma,rine sedimentary deposits of Oretaceous age, but not 
the fill of a deep pre-Cretaceous valley. 

The character of the water, so far as that goes, would seem 
to favor the reference of the deposits to the Pennsylvanian. The 
water is of extraordinary softness; standing in strong contrast 
to that of the deep wells of ~orth-central and northwestern Iowa, 
and especially to the heavily mineralized well waters of the Cre­
taceous. The water of well no. 2 ,has not been \analyzed, but no 
doubt it is the same chemically as that of well no. 1, 1250 feet 
deep, analyzed by Hendrixson. *,. Hendrixson comments as fol-

P.P.M. 
Silica , (SiO,) ................................. _ ........ :........................ 10.0 

~l:ni~~::: (Ai)":::::: ::::: :::::::::::::::::::: ::::::::::::::~:::::::::::::::::: ~:~ 
Calcium (Ca) ............................................... ,.................... 16.0 
Magnesium (Mg) , ............... _ .............................. _........... 8.0 
Sodium (Na) and Potassium (K) .............................. 221.0 
Bicarbonate radicle (HCO.) .............................. :........... 4.0 
Carbonate radicle (CO.) ................................................ 38.0 
Sulphate radicle (SO.) ........................................... , ...... 162.0 
Chlorine (Cl) .......................... -' ......................................... 206.0 

Total solids ........................................................................ 651.0 

lows :* "The well at Manson is the only deep well in the state 
whose water was found to contain normal carbonates; the mag­
nesium and 'calcium in it are very low, the solids being mostly 
'alkaline chlorides and sulphates. It may be questioned whether 
its comparatively soft water and its alkalinity may not be due to 
contamination by surface water owing to faulty casing." 

, This tentative suggestion by Hendrixson of surface contamina­
tion was as good an explanation as could then be made with the 

• Hendrixson, W. S. , Iowa Geol. Survey, vol. XXI, p. 178. 
* Ibid, p . 174·5, 
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data at hand. The log of the well, no. 1, was also found" exceed­
ingly peculiar" by Norton. t In the absence of cuttings little 
~ttempt was made toward its interpretation. ' The reference of 
the basal sandstone of the well to the Saint Peter by the driller 

. and by cItizens was controverted. The suggestion was made that 
the so-called" sandstone" was the Galena dolomite, "not, infre­
quently called sand rock because of the sparkling crystalline sand 
to which it is crushed by the drilL" This also was perhaps as 
good a suggestion as could be made with the data then at hand. 
Fortunately the complete set of samples of the cuttings saved 
by 'the Thorpe Bros. Well Co. points the way toward a solution 
of the dual mystery. The" exceeding peculiarity of the log" of 
well no. 1 is now seen to be due to the exceeding' peculiarity of 
the formations it pretty faithfully records. The abnormal qual­
ity of the wat~r is not due to surface contamination but to the 
abnormal arkosic aquifer and the ' absence of limestone in beds 
of any considerable thickness. The character and thickness of 
the deposits and the quality of the water are entirely normal in 
the continental deposits of the' fill of a deep erosion channel, al­
though such channels and fills are exceptional in Iowa deep wells. 

The log of well no. 1 records "sandstone" froJI!. 1050 to 1220 
feet, and "red shale" from 1220 to 1250 feet, at which depth 
"granite-like rock" was struck. According to the log of well no. 
2 the "red shale, sandy" is penetrated four feet, from 1207 to 
1211 feet. Apparently then the reddish sandstone and arkose 
extends some twenty feet, more or less, below the footing of well 
no. 2. The" granite-like rock" at the base of well no. 1 may have 
been a boulderet in a coarser conglomerate. It will be remem­
bered that even in the field, as at Colorado Springs, arkose may 
hav:e a strong superficial reselublance to the granite which is its 
sour:ce. The large content of crystalline rock in the lower cut­
tings of the Manson well indeed gave rise to the question whether 
the drill was working in decayed gneiss or granite. The quartz 
sand and limestone pebbles of the cuttings answered this question 
in the negative. The softness of the 'deposit is shown by the 
fact that the drill . penetrated from 1110 to 1180 feet in somewhat 
less than four days. 

t Norton, W . R " Iowa Geol. Survey, vol : XXI, p . 1017, 
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From the cuttings it is diffi~ult to draw the line between glacial 
tills arid shales on which they rest, although the distine!ion is 
usually perfectly obvious. ' Assuming that the driller's log's' use 
the term "blue clay" only of till; the logs of the wells give the 
Pleistocene thicknesses of 310 and 340 feet. But on account of 
the close resemblance of the cuttings ' of shale below 340 feet, at 
which depth a thin bed of limestone was struck; and the samples 
of "blue clay" above it, it seems somewhat more probable that 
both above and below 340 feet the drill was working in shale and 
that the lower limit of the drift is 230 feet. In ease of drilling 
there was little if any , difference between "blue 'clay" and 
" shale", the drill making 30 or 40 feet a day in' each. 

As ,the description shows, the cuttings of the gray and drab 
shales both above and below 340 feet are by no means of the / 
texture of the cuttings of shales of the Pennsylvanian in central 
Iowa, as in the Nevada well (p. 273). While the argillaceous 
material at Manson concretes into tough masses, it is less unctu­
ous and incloses much coarse material in the lumps. At 290 
feet a nodule of pure shale was brought up, but for the most part 
the rock, as in cuttings of the Maquoketa shale, has been thor­
oughly crushed by the drill and affords few if any chips of pure 
shale. The source of the coarse mate.rial in these shales is not/de­
termined. A good deal probably came from the sand beds (92-
102 and 145-154 feet of the log). Only the upper bed is repre­
sented by a sample and in this the large proportion of limestone 

, and dolomite pebbles is noteworthy, a proportion which carries 
through the coarse material in the cuttings from the shales. The ' 
variety in texture and color of the limestone fragments of the 
shales is to be considered, since it proves that these fragments 
were not broken by the drill from limestone beds in place. In 
weak shales the upper casings could hardly 'be so firmly bedded 
as to prevent the inwash from water-bearing glacial sands and 
gravels, and it will be noted that the log states' that at 560-608 
feet" some sand was running in from behind the pipe." 

But it seems possible that these sand beds are not the only 
source. The large amount of sand and pebbles and fragments 
of various rocks and minerals, including much feldspar, in many 
of the cuttings and especially the presence of arkosic , sandstone 
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in heavy beds at the base of the section point to the conclusion 
that some of the coarse material of the cuttings may be native to ' 
the strata in which the drill was workmg. It se~ms possible that 
the samples of shale mingled with more or less of sand and gravel 
and fragments of igneous rock come from lenses and layers of 
the coarser interbedded with the finer materials, the" shale with 
streaks of rock" of the log. 

MARQUETTE (formerly North McGregor) CLAYTON COUNTY 

(Altitude 6t8 f eet) 

The well of the Chicago, Milwaukee, St. Paul & Pacific Rail­
road, completed in 1917, is 450 feet deep and flows about 250 gal­
lons per minute. A flow of 10 gallons per minute was 'had at 300 

, feet. At 420 feet the flow increased to .about 200 gallons per 
minute, and reached its maximum at the bottom of the well. The 
diameters of the well are 20 inches to 90 feet, 14 ·inches to 125 
feet, and 12 inches to the bottom. The curb is about 624 feet 
.a hove sea level. 

'Record of Strata 
DEPTH IN FEET 

Alluvium and rock, 'cuttings in concreted masses, light drab, of grains 
of quartz sand rounded and frosted, in slightly calcareous argil· 
laceous powder; some chert ............................... : ...... ,............................. 0-60 

Saint Lawrence formation, Trempealeau beds: . 
Shale, light yellow·,green and drab, noncalcareous, coarsely :fissile, in 

chips, with some chert and quartz sand ................................................ 60-70 
Dolomite, gray, earthy, microquartzose, with white and pinkish chert; 

and sandstone, cuttings chiefly quartz sand in well rounded grains 70-75 
Chert, varicolored, with . crystalline buff dolomite, and light yellow 

sandstone of minute particles; 3 samples .......................................... 75-87 
Sandstone, light yellow· gray, calciferous, of microscopic angular 

particles; 2 samples ............................................................. ,.................. 87-'100 
Saint Lawrence formation, Franconia beds (190 feet thick; top 524 feet 

above sea level) : 
Shale, calCareous and quartzose, light 'blue, quartz in fine angular 

particles; 4 samples ................................................................................ 100-140 
Dolomite, light gray, cuttings in sand; 2 samples .................................. ,'. 140-160 
Dolomite, blue'gray, sporadic grains of glauconite and quartz particles 160-175 
Sandstone, green·gray, argillaceous, dolomitic, glauconitic, in friable 

masses and occasional chips, Quartz grains minute and fine, ill· 
rounded, highly dolomitic at 200, highly glauconitic at 210 f eet; 

, 11 samples ................................................................................................ 175-285 
Sandstone, fine, 'grains moderately well rounded, glauconitic ................ 285-290 

Dresbach sandstone (penetrated 160 feet; top 334 feet above sea level) : 
Sandstone, white, clean, fine to coarse; 15 samples ................................... 290-450 

Notes.~In the above section the first sample is somewhat 
ambiguous, . and its exact position is unknown. The second 
sample, at 564 feet above sea level, clearly represents the ' Saint 
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Lawrence formation and probably is taken at or near its summit, 
as the top of the Jordan sandstone outcropping in the ·McGregor 
bluffs is but 115 feet higher, a measure somewhat less than the 
total thickness of the Jordan exposed in the bluffs at Lansing. 

It is therefore probable that the first sixty feet of the section 
b~longs largely or wholly to the Jordan sandstone, here more or 
less cut Qut by the filled channel of Mississippi river. . 

, The City well no. 4 at McGregor furnished samples of alluVial 
sands at 35 and 50 feet, while at 60 feet a sandstone was struck, 
perhaps the Jordan, and the Trempealeau dolomite was e!J.count­
ered at 74 feet. The Dresbach was entered at about the same 
depth as at Marquette. 

The section of the deep well at Prairie dll Chien57 corroborates 
and extends the well sections of the west side of Mississippi 
river. The Saint Lawrence was found there 115 feet thick, and 
at 365 feet above sea level the drill passed into the Dresbach 
sandstone, which is 118 feet thick. Since at Marquette the Dres­
bach had been penetrated to a depth of 160 feet, it is probable 
that there the base of the. formation was nearly reached. At 247 
feet above sea lev~l, 'at Prairie du Chien (73 feet above. the foot­
ing of the Marquette well), the ' shaly beds of the upper Eau 
Claire appeared and extended to 38 feet above sea level, while 
the clean sands of the lower Eau Claire reached at least to 272 
feet below that datum, where 45 feet of red sandstone was struck. 
This latter may perhaps be the equivalent of the Red Clastic 
beds of Minnesota. 

Eeoord of Strata in Aherns Bros. Farm well near Prairie du Chien, Wisconsin 
. (Se. lfil, 'Sw. lfil Sec. 18, Tp. 7, E. 6 w.) 

'The ~ollowing record is added in corroboration of the Iowa 
sections through the courtesy of Dr. F. T. Thwaites, of the Wjs­
consin Geological Survey. The elevations above sealevel ' are 
'added. 

DEPTH IN FEET 

Surface deposits (77 f eet thick; top about 650 feet above sea level) : 
'Sand, no samples ........ !..................................................................................... 0-77 

Trempealeau (123 feet thick; top about 573 f eet above sea level): 
Dolomite, with some sandstone, no samples (Lodi "Shale") ................. 77- 130 
Sandstone, yellow, very fine, dolomitic, hard (Lodi) ................................ 130-135 
Dolomite, gray, sandy (St. Lawrence) ........................................................ 135-195 

57 Geol. of Wisconsin, vol. IV, p. '61 : Iowa Geol. Survey, vol. XXI, p. 353. 
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No sample ....................... _ .. _________ . __ ... __ .. ~_ . __ . __________________________________________ .. ___ .. __ ... 195-200' 
Franconia (115 feet thick; top 450 feet above sea level) : 

Sandstone, fine to exceedingly fine, green, calcareous, glauconitic (no 
sam pIe from 225-235) ____ .. ______ , _______ ________ ... _________ . __ . __ .. ____ .. _____ .. _____ . ______ ._.. 200--285 

Sandstone, exceedingly fine, -gray, calcareous __ . ____ . ______ . ____ .. __ . __________ . _____ . ___ 285-295 
Sandstone, like above, harder, glauconitic (shale) .. ___ ___ _____ ... __ .... ________ .... __ 295-305 
Sandstone, coarse, gray, calcareous, glauconitic ______ ._ .. ___ .. ___ .... ___ .... ___________ 305-315 

Dresbach (150 feet thick; top 335 feet above sea level): 
Sandstone, coal'se, white to light gray _______________________________________________ : ________ 315~50 
Sandstone, fine to medium, white ________________________________________________________________ 450-465 

Eau Claire- (penetrated 287 feet; top 185 feet above sea level) : 
Sandstone, fine to medium, gray, dolomitic, hard ______________________________________ 465-475 
Sandstone, fine to very fine, gray, calcareous, glauconitic ______________________ 475-515 
Sandstone, fine, gray and pink, calcareous, ~ard __________________ : _____ ~______________ 515-545 

. Sandstone, very fine, gray, very calcareous ________________________ ____ ____________________ 545-555 
Shale, gray, slightly calcareous ____________________________________________ ________________________ 555-565 
Sandstone, fine, pink, calcareous ________________________________________________ __________________ 565-570 
Sandstone, medium, gray; shale, gray, hard : _____________________________________________ 570-580 

, Sandstone, medium, light p'ay, slightly calcareous __ . ______________________________ . 580-710 
Sandstone, coarse to fine, light gray, flow _________________________________________________ . 710-720 
Sandstone, fine, light gray __________________________________________________ ____________________________ 720-730 
Sandstone, very coarse to fine, light gray, main flow ___________________ . ___ ~-------- 730-752 

MASON CITY 
(Altitude 1U5 feet) 

WELL' NO.3 OF THE CHICAGO, MILWAUKEE &, ST. PAUL RAILWAY 

A well 1278 feet deep was completed for this company in 1913 
by J as. D. Shaw of Davenport. The diame~ers are 16 inches to 
259 feet 6' inches, 1211z inches thence to 820 feet, and 10 inches to 
the bottom. Elevation of the curb is about 1125 feet. 

The 'static level on completion and at present is 115 feet below 
the curb. 'With the pumping cylinder at 134 feet the capacity of 
the well is 266 gallons per minute. The casing is 41 feet of 16 
inch pipe at the top, casing out the glacial drift deposits; 38 
feet of 12 inch pipe from 221 feet 6 inches to 259 feet 6 inches; 
and 190 feet of 10 inch pipe from 629 feet 6 inches to 819 feet 6 
inches, casing out the Saint Peter sandstone, the Glenwood shale 
and the basal portions of the Galena-Platteville. 

Driller's log of well no. 3 -of Chicago, Milwaukee <t St: Paul Railway, 1913 ' 

DEPTH IN FEET 
Clay ____________ . ____________________________________ : ______ . ____________________ . _______ . _________ ..... ____ , ____________ ._______ 0-41 
Limerock __________ : _________ .. __ . ____ . __________ .. _____ . ___ .. _______ . _______________ .. ________ . __ .. __________ ..... ___________ 41-689 
Shale (Glenwood) . __________________ . __________ . ____ . __________________ ________ ___ -'-_______ ____ ___ . _________ . _______ 689-719 
Saint Peter sandstone . __ . __ . ___________________________ . ________ . ____ . ______ . _____ '-____________ .. ___ ... __ ._._._.. 719-779 ' 
Limestone (Prairie du Chie!).) ___ . ______________ . ____________ . _____________________________ . ___________ . __ ._ .. 779-1149 
Jordan sandstone ______________ .. _____ . __ . ____ .. __ .. _ .... __ . _________________ .. ____ :_ .. ____ .. __ .. _____ ... ____ .. __ .. _ .. _1149-1268 
Sand and limestone mixed (Trempealeau) .. __ .. __ .. ____ .... ______ . _______ .. ________________ .. _______ 1268-1278 ' 
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Chemical 'analysis of water of well of Chicago, Milwa1tkee tj' St. Paul Railway, 1913 

GRAINS PER U. S. GALLON 

Calcium carbonate ........................................... .1 11.75 
Magnesium carbonate ...................................... ' 7.75 
Calcium sulphate .: ...... : ............ , ................... :.... 2.61 
Incrusting solids .. , .... , ...... ~ ............................... 22.11 
Alkali sulphate ................................ :............... O.i3 
Alkali chloride .................................................. 0.85 
Non·incrusting solids ...................................... 0.98 

Total ............................ : ....................... ,....... 23.09 

WELL OF THE AMERICAN BEET SUGAR CORPORATION, MASON CITY 

This well was drilled ill 1924 by the McCarthy Well Company 
of St. Paul. The depth is 1347 feet, the diameters are 20 inches 
to 240 feet, 16 inches to 640 feet and 12 inches to the finish. The 
static level is 40 feet below the curb. The capacity of the well,is . 
about '650 gallons per minute with the cylinder set at 240 feet 
drawing through a pipe 20 feet in length. Eight ' hundred and 
fifteen feet of 12 inch casing are placed heading at 653 feet. The 
cost of the well was about $20,000. ' 

Driller's log of well of American B eet Sugar Corporation 

DEPTH I N FEET DEPTH IN FEET 
Limerock ...................................... 0-54 Hard rock (Prairie du Chien) .. 930-11.45 
Shale .......... ,................................. 54-68 Sandrock (Prairie du Chien) .... 1145-1195 
Limerock ...................................... 68-626 Shale (Prairie du Chien) .......... 1195-1205 
Shale ............................................ 626-725 Sandrock (Jordan) .................. 1205-123q 
Hard rock .................................... 725-742 Hard rock (St. Lawrence) ........ 123&-:1275 
Sandrock (Saint Peter) ............ 742-930 Shale (St. Lawrence) ................ 1275-1347 

WELL NO.2 OF J. E. DECKER AND SONS, MASON CITY 

The first well drilled for this packing company was described 
in the author's report for 1912, and since that time 'has suffered 
no deterioration. A second well was drilled some years later 
with a depth of 1200 feet and diameters from 20 to 12 inches. 
The principal l?Upp~y was foun,d in the Jordan sandstone, in 
which the well foots. On completion water rose within 90 feet 
of the surface. The 'delivery on first tests was 450 gallons' per 
minute, but on later installing larger pumps the delivery ~s in­
creased to 650 gailons with the cylinder set at 140 feet. Contin­
uous pumping produces a draw down of 20 feet. 

MASON CITY WATERWORKS WELL NO. 8 

This well, 1219 ' feet deep, was completed in 1912 by W. L. 
Thorne of' Platteville, Wisconsin. Th~ diameter is 16 inches to 
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200 feet, from 200 to 960 feet 13 inches, and 10 inches to the' bot­
tom. 

The main supply was found in the Jordan sandstone, in which 
the well foots, and some yvater was, obtained in the Saint Peter 
sandstone at 800 feet; On completion the static level was 82 feet 
below the curb. The present head is 123 feet below the surface, 
,and with the air foot at 300 feet the well delivers about 1200 gal­
lons per minute. The well was uncased except the first 20 feet, 
but later reports mention 200 feet of 14 inch casing at top, and 
100 feet, of 12 inch 'casing about 600 feet down, shutting out the 
shales above the Saint Peter . . The cost of the well was $6295. 

MASON CITY WATERWORKS WELL NO. 9 

The ninth well drilled for Mason City was completed in 1913 
by W~ L.Thorne. The depth is 1200 feet. The diameters and : 
casing are as follows: . 

24 inch diameter 0-55 feet. 20 inch casing with concrete :fill 
19 inch diameter 55-225 feet 
16 inch diameter 225-720 feet. 12 inch casing 540·720 feet ' 
l2 inch diameter 720-1200 feet 

During the drilling of the well water stood at the curb until the 
New Richmond sandstone was struck when it fell to 77 feet below 
the surface. The original .draw down was abQut 7 feet and in 
1919 it was reported as reaching to 140 feet, 56 feet lower. In 
1919 the head was reported to be at 105 feet, and in 1925 it was 
stated to stand at 115 feet "with no appreciable drop afte; draw 
down" . 

The we~l delivers 1200 gallons per minute. The ' cost of this 
'well was $10,000. 

MASON CITY WATERWORKS WELLS NOS. 6 AND 7 

These ,wens, whose original depths were 616 and 875 feet, were 
deepel!ed abo,ut 1920 to 1218 and 1219 feet. Both wells reach the 
deeper water beds with eight inch holes. Under air the wells 
supply 700 and 800 gallons per minute. 

WELL OF THE PEOPLE'S GAS AND ELECTRIC COMPANY, MASON CITY 

This well; 1200 feet deep, was completed in 1915 by James 
Kutcher of Plymouth, Iowa. ' The diameters are 20 inches to 125 
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feet, 16 inches to 700 fee.t, 12 inches to 960 feet and 10% inches 
to the bottom. 

The main supply was found at 1182 feet (Jordan sandstone). 
The hea.d is maintained up to the present 'at 50 feet below the 
curb. With the pumping cylinder at 125 feet' the well delivers 
800 gallons per minute with a draw down tQ 65 feet. Casing is. 
set as follows: 20 inch to 100 feet; 12 inch from 625 to 700 feet; 
10% inch from 700 to 960 feet. The cost of the well was $15,000. 

Driller's log of t!!e well of the People's' Gas and Eleotrio Co. 

DEPTH IN FEET 

Limestone ......................................... _ ........................................................ :.............. 0-636 
Mixed limestone and shale .......................... : ............ : ......................................... _... 636-660 ' 
Shale (Glenwood) ..................................... _ ............................................................. 660-682 
Mixed limestone and shale (Glenwood) .......................... : ........ : ............................ 682-688 

~~!~:i~~: l~~~k~;~~») .. ~~::::::::::=:::=::::::::::::::::=::=~:::::::::::::::=::::=::::::::::::::::::::::::::: ~~t~ig 
Sandstone (Shakopee) ........... _ ..............................................•................................ 810-816 
Limestone (Shakopee) ........................................... _ .................. ~ ....................... _ ... 816-917 
Sandstone (New Richmond) ............... _ ......... : ...... : ..... _ .......... : ............. _ ............... ·917-944 
Limestone (Oneota) ............................................................. _ ...................... _ ......... 944-1125 
Sandstone (Jordan) ..................... _ ...................... _ .................... _ ........................... 112~1182 
St. Lawrence formation ........................................................... _ ...................... _ ..... 1182-1200 . . . 

WELL NO.1, OF NORTHWESTERN STATES PORTLAND CEMENT CO~PANY 

This well was commenced in 1923 and was completed July 6, 
1924. It is 12811;2 feet in depth and is.19 inches in diameter to 

.267 feet, 15 inches to 747 and 12 inc4es to the bottom. Casing 
with a length of 87.5 feet was inserted at the foot of the 15 inch 
·section of the well to prevent caving of the shale at that depth. 
The well yields 1500 gallons pe~ minute when pumped with air. 
The water has a temperature under these conditions of 56° F. 

Following is the log of the well as furnished by Mr. W. J. May­
tham, consulting engineer. 

TmCKNESS DEPTH 
FEET FEET 

Limestone, high magnesian ....................................... _................... 680 0-680 
Shale .................................... y ........ . ............ : ••••••••••.. • •• •• -"..................... 85 680-765 
Sandstone, St. Peter ............................. _....................................... . 65 765-830 
Limestone, high magnesian, with streaks of shale .................... 320 830-1150 
Sandstone, Jordan ............................................................................. 70 1150-1220 
Sandstone, mixed with 'shale ........................................................ 25 1220-1245 
S~ale,. penetrated ................................................................... ,........ 36% 124~1281lh . 

The following analyses also were furnished by Mr. Maytham 
for the company . . 

I. 
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Devonian and Silurian Iimestone, between 0 and 680 feet 

0·400 ft. 400·500 ft. 500·600 ft. 600·680 ft. 
per cent per cent per cent per cent 

Silica 14.80 16.48 4.28 6.12 
Alumina and } iron oxide 4.00 4.48 2.32 2.68 
Lime (CaO) 27.14 32.92 40.92 48.12 
Magnesia (MgO) 17.06 11.75 11.90 3.80 
Loss '37.00 34.37 40.58 39.28 

Maquoketa Prairie du 
shale, be· St. Peter Chien beds, J ordan ' St. Lawrence 

tween sandstone, between sandstone, beds, 1245 
680 and 765 765 to S30 830 and 1150 1150 to 1220 to 1281% 

feet feet feet feet feet 
per cent per cent per cent per cent per cent 

Silica 48.00 96.56 32.30 97.52 21.26 
Alumina and} 6.51 

iron oxide 29.60 0.88 4.88 1.20 2 .. 05 
Lime ' 1.80 1.72 19.72 0.80 21.56 
Magnesia trace trace 13.60 trace 14.47 
Loss 10.54 0.40 29.50 · 0.48 32.62 

WELL OF LEHIGH PORTLAD CEMENT CO., MASON CITY 

Thorpe Brothers began ·this well November 14, 1923, and fin­
ished it February 13, 1924. ·It is 1260 feet deep and 'its-diameters 
are 20 inches to 251 feet, 15 inches to 755112 feet, and 12 inches to 
bottom. It is cased with 20 inch pipe to 14 feet, 10 inches, and 12 
inch pipe' to 154'feet,' 7 inches. The test produced 875 gallons per 
minute. The static head of water is 30 feet below curb. 

Log of well for 'L'ehigh P01iland Cement Co. of Mason City 

THICKNESS 

~~lt:nlt!:~~:~ .~.~~~ .. :::::::::::::::::::::::::::::::::::::::::::::::::::=::::::::::::::::: 
~ot~i~m~i~~~~o~~';:::::=::::::::::::::::=::::::::::::::::::::::::::::::::::::::::::::::::: 
Argillaceous limestone ................................................................... . 
Dolomite limestone ........................ _ .............................................. .. 
Argillaceous limestone ' .......................................... : ........................ . 
Dolomite limestone ......................................................................... . 
Magnesian limestone-light ......................................................... . 

t~:m:F~.~;L.:~:::::::::~:::::::::::::::::::::::::::::::::::~::::.::::~:::::::=:::::::::: 
Limestone---:-light gray ..................................................................... . 

~~~: :~~~:; ~~~? .~?-~~ .. ~~~~ .. :::;:::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Blue shale and white sand ............................................................ .. 
White sand with some blue shale ................................................. . 
White and brown sands ................................................................. . 
White sand ....................................................................................... . 
White sand with SOme brown sand and gray shale ................... . 

FEET 

10 
10 
10 

300 
30 
70 
20 
70 
30 
30 
10 
30 
30 
20 · 
50 
10 
20 
10 
30 
10 

DEPTH 
FEET 

10 
20 
30 

330 
360 
430 
450 
520 
550 
580 
590 
620 
6pO 
670 
720 , 
730 
750 
760 
790 
800 
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Dolomite limestone with some gray shale ___________________________________ _ 
Dolomite limestone ________________________________________________________________________ _ 
Dolomite limestone and some white sand _________________________________ _ 
Limestone and white sand ___________________ , ___________________________________ _____ _ 
Dolomite limestone, light color _______________________________________________ : ___ _ 

Dolomite limestone, dark gray ---~------------------------,-------------------------White sand _______________________________________________________________________________________ _ 
Dolomite limestone, gray _____________________________________________________________ _ 

Dolomite limestone, light gray -----------------------------------------:------------Dolomite limestone, light ___________________________________ , ________________________ _ 
Dolomite limestone, light with some sand _________________________________ _ 
Dolomite limes~one, light gray ________________________ ______________ ! _____________ _ 
Dolomite limestone, gray ______________________ _____________________ , ________________ _ 
White sand, coarse _______________________________________________________________________ _ 
White sand, coarse and fine ________________________________________________________ _ 
Dolomite limestone, gray with some blue shale ______ ____ __________ _____ _ 
Dolomite limestone, gray ______________________________________________________ , ________ _ 
Dark gray limestone _____________________________________________________________________ _ 

MAYNARD, FAYETTE COUNTY 
(Altitude 1099 feet) 

10 
20· 
60 
20 
10 
10 
10 
20 
50 
70 
10 
10 
10 
40 
20 
10 
60 
20 
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810 
830 
890 
910 
920 
930 
940 
960 

1010 
1080 
1090 
1100 
1110 
1150 
1170 
1180 
1240 

.1260 

The town of Maynard formerly drew its public supply from a 
well 702 feet deep. The diameter is reported at 10 inches and 
the yield at 32,000 g.p.d., while the town consumption amounted 
to but 8,000 g.p.d. at maximum. This well has now been aban­
doned, and a shallow well, dug to the depth of eight feet and 
thence drilled to a total depth of 70 'feet, has been substituted. 
The water stands so that a ~uction pump with a pumping capac­
ity of 60,000 g.p.d. ~n be used. 

MONONA, CLAYTON COUNTY 
(Altitude 1t16 feet) . 

WELL OF INTERSTATE POWER COMPANY 

This well was drilled in 1922 by the F. M. Gray, Jr., Company. 
The depth is 814 feet and the diameters are from 12 to 8 inches. 

Record of Strata* 
DEPTH IN FEET 

Drift, no samples _____________________________________________________________________________________________________ 0-46 
Galena (269 feet thick) : 

Dolomite, buff and blue _______________________________ -' _______________________________________________ ~__ 46-95 
Dolomite, mottled gray and blue __________________________________________________________________ 95-105 
Dolomitll, gray ___________________________ ________ ____ ___________________ __ _____ _______ __________________________ 105-190 
Dolomite, gray; chert, white __________________________________________ _______________________________ 190-240 
Dolomite, gray __________________________________________________________________________________________________ 240-255 
Dolomite, gray and blue; chert, white _______________________________________________________ ___ 255-275 
Dolomite, gray ________ ______________ ___________________________________________ _______________________________ 275-285 
Dolomite, coarse-grained, mottled gray and blue ______________________________ , ______ 285-295 
Dolomite, gray; chert, white ____________________________________ .: ________________ _____________________ 295,-315 

* By F_ T _ Thwaites, geologist, Madison, Wisconsin. 
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Decorah (50 feet thick) : 
Limestone, blue ....... _ .............................................................. ~ ................ I.~....... 315-335 
Limestone, mottled blue and gray .... , .................................. _ ......................• 335-355 
Shale, blue, very calcareous ....... _ .................... _ .......... _ .............................. -;-. 355-365 

Platteville and Glenwood (40 feet thick): . 
Limestone, light bluish gray ....... _ .......... _ .... _ ............................ _................. 365-385 
Dolomite, gray· ............................................. _ ........ _ .................................. _ ..... 385-395 
Dolomite, gray; floating sand grains; shale greenish blue ...................... 395-405. 

Saint Peter (55 feet thick) : .. 
Sandstone, medium to fine, coarser below ................................. __ ............... 405-455 
Sandstone, fine to coa:r:se, gray, calcareous; shale, green ......... __ ..... _ ...... 455-460 

Shakopee (85 feet thick) : 
Dolomite, light gray .................... : .... : ..................................... _ ...... _ ....... ! ....... 460-545 

New Richmond (6 feet thick): . 
S~ndstone, medium, light gray ......................... _ ........................................... 545-551 

Oneota (194 feet thick) : . 
Dolomite, gray, slightly sandy ... _ ...................... _ .... _ ...... : ... _ .... _ .... :.. ........... 551-565 
Dolomite, gray .......................................................................................... : .. _ ... 565-595 
Dolomite, bluish and yellowish gray, creviced ........... _ .... , ............. _ ......... 595-600 
Dolomite, gray ..................................... _ ............................................ _ ............. 600-620 
Dolomite, gray; chert, white ..... _ .............................. , ................... _ ............... 620-650 
Dolomite, light gray ................................ , ............... : ....................................... 650-670 
Dolomite, light gray; chert, white .. ~ ....................................................... _ ... 670-680 
Dolomite, light gray ............. _ .... _ .......•.................... _ ........ _ ..................... _ ... 680-725 
Sancilstone, fine, hard, calcareous, light gray ..... _ ......................................... 725-740 
Dolomite, sandy, gray, specks of green shale ................................... _ ....... 740-745 

Madison (20 feet thick) : . 
Sandstone, coarse to fine, gray, calcareous; shale, green .......................... 745-765 

.r ordan (40 feet thick) : . 
Sandstone, fine to medium, white, calcareous ............................. _ ............. 765-805 

Saint Lawrence (penetrated 9 feet): 
Sandstone, exceedingly fine, light gray, very calcareous .... : .............. :-....... 805-814 

MORNING SUN, LOUISA COUNTY 
(Altitude 741 feet, C., B. I. 4' P. By.) 

In 1928 a well 1205 feet deep was drilled at Morning Sun for 
city supply. No information is obtainable from the town offi­
cials, and possibly nothing is known locally as to this important 
property. The drillers, the McCarthy Well Company of Saint 
Paul and Minneapolis, have kindly supplied the data given below. 

The diameters are from 10 to 8 inches. The static level is 
about 122 feet from the surface of the ground. At the test of the 
well 130 gallons per minute were pumped for 10 hours, with a 
drop pipe of 195 feet, 'without drawing air. The chief supply 
comes from the Saint Peter sandston~, whiGh was encountered at 
1141 feet. 

Driller's log 
TmCKNESS 

IN FEET 

Pleistocene and Recent (64 feet thick; top 745 feet above sea level) : 
, 'Black dirt" ............................................................... _................................... 0-4 

. "Yellow ·clay" ......... _.: ............ , ........... _ ............ _ ........ _ ................ _............... H4 
Kinderhook, upper beds (101 feet thick; top 681 feet above sea level) : 

, 'Limerock and shale" ........................... _ ........................ _........................... 64-99 
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"Sandrock" ......................... _ .......................... _ ................................. ; ........... :. 99-102 
"Limerock" ................................................................... _ ................................. 102-165 

Kinderhook shale (283 feet thick; top 580 feet. above sea level): 
"Shale,' cavy" ... _ .......... ~ .................................................................................. 165-448 

Devonian, Silurian and Maquoketa (340 feet thick; top 297 feet above sea 
. ' level):' 

, , Rock' 1 . _ . ......................... , .............................................................................. 448-458 
"Rock and shale, cavy" ........................................... _ .................................. : 458-788 

Galena and Platteville (304 feet thick; top 33 feet below sea level) : 
"Rock" ...................................... _ ...... _ ........................................................ .,.. .. 788-1048 
"Sandrock" ................. : .................................................................................. 1048-1051 
"Shale" ..................... _ .......... _ ......................................................................... 1051-1054 
"Rock" ......................................................................................... : ................ : ... 1054-1092 

Glenwood 'formation (49 feet thick; top 347 feet below sea level): ' 
"Sandrock (St. Petel:) " ............. _ ........................ _ ............................ " ........ 1092-1117 
" Shale" .................................................................................. : ...... _ ............... 1117-:-1141 

Saint Pe~er sandstone (36 feet thick; top 396 feet below sea level): 
"Sandrock (St. Peter) " ........................................................... _ .............. , .... 1141-1177 

Prairie du Chien, Shakopee (penetrated 28 feet; top 432 feet below sea ' 
level) : ' 

"Limerock" ................................................................ : ..................................... 1177-1190 
"Shale" ... _ ..... , ... : .................................................................................... ~ ........ 1190-1205 

N otes.-Although Morning Sun is we]). within the boundary of 
the outcrops of the Osage group of the Mississippian, it seems 
probable that at the depth of the bed rock only the limestones, 

, shales and sandstones of the upper beds of the underlying ·Kin­
derhook wou)d l;>e encountered. The heavy Kinderhook shale is 
well delimited, but the Maquoketa shale is vaguely indicated as 
a part, whose thickness js unstated, of the 330 feet described as 
"Roc'ki and Shale, cavy" extending from 458 to 728 feet. 

The sandstone assigned to the Saint Peter is overlain as usual 
by a shale, the Glenw,ood. In its outcrops in northeastern Iowa 
and in many deep well sections of the state' the Glenwood beds 
include sandy layers resembling in color and shape of grain the 
underlying Saint Peter sandstone.' Here the sandstone of the 
Glenwood is excepti?nally; thick. 

Mineral Content of City Well, Morning Sun* 

P .P.M. 
Bicarbonate ..... _ ............................................ : .................... 370.9 
Chloride ...................... :....................................................... ,24. 
Sulphate ................... _......................................................... 77.9 
Silica .................................................................................. 6.0 
Fe,O.+Al,O. ...................................................................... 9.6 
Calcium .............................................................................. 63.7 
Magnesium ......................... _ .......................... _................. Jil3.7 
Na + K as Na ..................... _......................................... 61.4 

Total solids ........................................................ ~, ..... ~ ...... 451.6 

* Analysis by Harry F. Lewis, Chemical Laboratory, Cornell College, Mount Vernon. 1927. 
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MOUNT PLEASANT 
(Altitude 7~5 feet) , 

WELL' OF THE MOUNT PLEASANT ELECTRIC LIGHT AND WATERWORKS 

A well was drilled for this company in 1915 by J. D. S:q.awof 
Davenport. The depth is 1820 feet, the diameters from 12 to 8 
inches. The main water bed is the Jordan sandstone at 1715 
feet. Water was also found at 198, 1103, 1340, 1560, and 1668 
feet. ' . 

The static level is 74 feet below the surface, or 659 feet above 
sea level, with.a draw down of 25 feet under pumping. The vary­
ing static levels as· the drilling was in progress are shown in the 
following table: . 

DEPTH IN FEET ' 

590 ' 
, 770 

930 .. 
1081 
1125 
1280 

",. 

STATIC LEvEL 
IN FEET 

100 
105 
110 
110 
iIo 

96 

DEPTH IN FEET 

1293 
1592 
1690 
1738 
1779 
1820 

STATIC LEVEL 
IN FEET 

122 
' 110 
100 
.98 
-80 
87 

After casing 74 

Thus the Cambrian waters are under higher head than are the 
Ordovician waters, while their normal static level may be lowered 
by leakages through uncased higher pervious beds. 

This well is cased with w:rought iron drive pipe as follows: 12 
inch from curb 68 feet to first limestone; Winch fro.m curb to 
500 feet; 8 inch 67 feet long jOined above with lead packer and be­
low with reducing nipple to 1113 feet of 6 inch, packed at bottom ' 
with wall packer. The cost of the well was $10,000. 

Chemical analysis of water by Dearborn Chemical Co., Chicago 

GRAINS PER GALI,ON 

Silica .......................... ~ .......................................... . 
Oxides of iron and aluminum ........................... . 

g~~~~= ~~~~~~::e .. ~=~~~~~~~~~~~~~~~~~~:::~~:::::~::~:~::::::::: 
Magnesium carbonate ........................................ .. 
Sodium and potassium sulphates .................... .. 
Sodj,um and potassium chlorides .................... .. 
Loss .......... : ........................................................... .. 

. Total .............................. · ......................................... . 
Total incrusting solids ................................. . 
Total nonincrusting solids ............................ .. 

.595 

.153 
.5.480 

18.8.80 
8.600 

32.299 
8.500 

.339 

69.846 
28.708 
41.138 
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:Record of strata,' well of Mownt Pleasant Electric Light and Waterworks 

DEP1'H IN FEET 

Pleistocene and Recent (68 feet thick; top 719 feet above sea level) : 
No samples ........................................................................................ _............... 0-68 

Mississippian, undifferentiated . (166 feet thick; top 651 feet above sea 
level) ; . 

Limestone, blue· gray, argillaceous, soft, earthy, effervescence rather 
slow in cold dilute HOI; some buff limestone .................................... 68-80 

Limestone, light gray, sof.t, crystalline'earthy, in flaky chips ; some 
drab shale ......................................... _ .................. _ .................................. . 

Chert, white; some white limestone ......................................... _ .......... _ ...... . 
Limestone, blue· gray, effervescence rapid; chert, blue ............................. . 
Limestone, white, crystalline· granular, rapid reaction ............................. . 
Limestone, yellow· gray and drab, response l'apid; 2 samples •..... : .......... . 

Kinderhook .(Devonian shale at baseT) (368 feet thick; top 485 feet above 
sea level) : 

80-130 
165 
198 
210 

220,231 

Shal~, blu.e, hard, calcareous, siliceous (microscopic angular grains), 
m chlps ..................... _............................................................................... 234 

Shale, blue, in concreted masses ................... _ .... : ...................... ,................... 241 
Sandstone, buff, calciferous, microscopic angular grains ..... _................... 260 
Shale, blue, plastic; some white chert at 286 ............................................ 286,317 . • 
Shale, drab, plastic ................................. : ............. _......................................... 329 
Shale, blue, plastic ... _ ........................ _ .................•.... _ .......... _ .................. _... 351 
Shale, blue, some brown ............................................. _................................... 370 
Shale, blue, plastic ........................................................... _............................... . 387 
Shale, brown, inflammable .......................... : ............ _..................................... 398 
Shale, blue, drab at 484; 8 samples ... _ .... _ ........ _ ................................ _ ....... 424-561 

Devonian (138 feet thick, top 117 feet above sea level) : 
Limestone, light yellow and gray, rapid effervescence, in sand ........ 602, 622, 660 
Shale, yellowish, calcareous, in concreted mass ................................. _....... 689 . 
Shale, whitish, calcareous, in concreted mass .............................................. 729 

Silurian (68 feet thick, top 21 feet below sea level) : 
Limestone, light brown, response rapid; some gypsum ............. _ .... _ ...... . 
Limestone, gray, response rather slow; gypsum in white grains ........... . 
Limestone, yellow'gray, response slow ; gypsum in white chips and con· 

creted masses; drab shale ......... _ ............................................ _ .......... _ .. . 
Shale, gray, calcareous, in concreted masses; ' much gypsum ................... . 

Maquoketa (37 feet thick; top 89 feet below s~a level) : 
Shale, blue, plastic ............. , ............. _ .................................... _ ....... ; ......... _ ..... . 
Dolomite, buff, in chips; shale; fine quartz sand in well·rounded grains 

Galena, Platteville., Glenwood (305 feet thick; top 126 feet below sea level): 
Dolomite, buff and gray, below 882 feet in sand and powder, cherty at 

740 
770 

790 
803 

808 
830 

965 and 983; 11 samples ........................... _ ........................................... 845-1032 
Shale, brown, highly inflammable; some dolomite and limestone ... _....... 1061 
Dolomite, light buff and gray, in sand and powder ... _........................... 1081 
Dolomite, buff, in sand; some brown shale from above ............................ 1099 
Dolomite, light yellow·gray, in chips; a fragment of brown crystalline 

quartz ......................................................... _ .................... _ ..... , .................. . 1103 
Sandstone, white,. fine l grains rounded and frosted; some dolomite, 

yellow'gray, In chips ............................. _ ................................................. 1112-1122 
Shale, blue green, hard, noncalcareous ........................................... _ .... :...... 1131 

Saint Peter sandstone (38 feet thick; top 431 feet below sea level) : 
Sandstone, white, Saint P eter facies; larger grains up to 1.2 mm. , .... . 
Sandstone, white ... _ .............................................. _ .................. _ ...................... . 

Prairie du Chien (527 feet thick; top 469 feet below sea level): 

1150 
1165 

Dolomite, light gray in chips; cuttings chiefly quartz sand .................... 1188 
Dolomite, buff and gray ............. _ ...................... _ .......................... _ ............... 1210, 1230 
Dolomite, gray; some quartz sand ................................... _ ............................. 1246-1253 
Dolomite as above ............... _ ................................ _ ......................................... 1280-1293 
Dolomite, gray; a little quartz sand; 3 samples .................... ... _ .............. .:1.300-1328 
Dolomite, yellow· gray, chert at 1340; 4 samples ........................................ 1340-1382 
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Dolomite, gray; much chert ............................................................ ~ .............. . 
, ' Dolomite, gray; some quartz !land ....... _ ................................ _ ....... : ..... : ........ . 

1425 
1439 
1458 
1475 

Dolomite, gray, cherty, much fine quartz sand ....... _ .................................... . 
Dolomite, gray, much fine quartz sand, but no imbedded grains ............ . 
Dolomite, gray, highly arenaceous, grains fine, rounded, secondary 

enlargements ..................... _ .......................... , ...................................... :..... 1495 
Dolomite, l,ight .buff, cherty ..................................... ~ ..................... _ ............... 1500, 1505 
Dolomite, whitish, some chert ................... _ ................................................. ,. 1524 
Dolomite, gray ............................................................................. _................... 1542 
Dolomite, gray; some chert ............................... _ .............. _........................... 1567 
Chert, in large chips ......................... _ .......................... _................................. 1592 
Dolomite, gray; much chert ..................... _ .......... _ .......................... _., .... _ .. _.. 1622 
Dolomite, light gray, a little chert ......... _ ...................... _ .............. _ .......... ,.. , 1642 
Dolomite, blue· gray, crystallj.ne pure except for slight ref\idue of 

microscopic siliceous particies ..................... _....................................... 1664 
Chert, white and yello.w·gray; some gray dolomite ................................. _.1666;;1668 
Dolomite,. gray and buff, rusted; some chert ..................... _....................... 1670 
Dolomite, light gray, arenaceous, in sand ... _............................................... 1690 
Dolomite, gray and light brown; some chert .............................................. 1703, 1706 

Jordan sandstone (100 feet thick; top 996 feet below sea level) : . 
Sandstone, light cream colored in mass, fine, grains rounded, some dolo-, 

mitic cement, some chert matrix ................. _ ................................. _ ....... 1715-1719 
Sandstone, whitish, dolomitic cement, fine ............................. :.................. 1738 
Sandstone, gray, some stained brown, fine·grained, secondary enlarge· 

ments, dolomitic cement, in chips; 2 samples ......... _ ........................... ).741,1758 
Dolomite, yellow'gray, arenaceous, in chips showing imbedded grains; 

2 samples ................................ : ................................................................... 1762,177,0 . 
Sandstone, whitish, fine, in sand and powder, grains rounded, largest 

reaching 0.7 mm. diameter, dolomitic cement ................................... . 
Sandstone, whitish, dolomitic, secondary enlargements, in chips ............ . 

Saint Lawrence, Trempealeau dolomite (top 1096 feet below sea level) : 
Dolomite, gra! and yellow· gray, in fine chips ............................................. . 

1804 
1796 

1815 
'r 

N otes.-The beds superjacent to the Maquoketa carry much 
gypsum, as in other deep well sections at Mount Pleasant, and 
are therefore assigned to the Silurian (Salina group). The dolo­
mites of the Niagaran outcrops are not in evidence. 

The Maquoketa shales, while clearly defined, have thinned 
much from their normal thickness in east-central Iowa. If any 
sandstone is connected with the formation, as appears to be the 
case at New London, it escaped notice and record while the well 
was bemg drilled, although some quartz sand grains appear in a 
sample at its base (830 feet). The Galena-Platteville is wholly 
dolomitic. 

The relations of' the Saint Peter sandstone and the Glenwood 
shale are 'peculiarly intimate, and it is to be remembered that in 
its outcrops the latter formation is sometimes sandy. ,Ac­
'cording to a drawing of the well supplied by the Company, a 
sandstone extend~ from 1103 to 1115 feet, and is underlain by a 
shale 18 feet thick referable to the Glenwood. Below this lies the 
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Saint Peter sandstone, or the main body of the Saint Pe.ter sand­
stone,' 40 'feet thick. The sample cuttings described abov:e con­
firm this record as to the sequence of the strata, although differ­
ing somewhat from it as to dimensions. 

The strata of the Prairie du Chien are typical both in their 
complet~ dolomitization and in the presence of chert and quartz 
sand at various levels. The New Richmond sandstone is not in 
eVidence. Water was found at two horizons. 

The main aquifer is stated to be the Jordan' sandstones. , This 
formation, while 100 feet thick, is by no means a clean pervious 
sandstone throughout, but has, on the whole, a large dolomitic 
content. 

, ' 

WELL OF MOUNT PLEASANT STATE HOSPITAL FOR THE INSANE, 1915 

A well 1945 feet in depth was put ,down for this institution in 
1915 by.J. D. Shaw, of Davenport. The diameters are from 8 to 
6 inches. The main supply was found at 1900 feet, and no records 
are extant of other water beds. The static level was 52 .feet from 
the surface on completion of the well, with a pumping capacity 
of 80 g.p.m. The static level now stands at nO feet, with a draw 
down to 150 feet. Under compressed air, the jet placed at 340 
feet, the well delivers 200 g.p.m. , 

NAHANT, SCOTT COUNTY 
(Altitude 563 f eet) 

WELL OF THE CHICAGO, MILWAUKEE, ST. PAUL AND PACIFIC RAILRO~D 
, AT THE NAHANT SHOPS NEAR ' DAVENPORT 

This well, drilled by C. W. Varner, of Dubuque, is 1030 feet 
deep and was completed in 1928. The diameters are 20 inches for 
115 feet in which are placed 30 feet of 20 inch casing and 115 feet 
of 15 inch casing; 15 inches to 306 feet, lined with 306 feet of· 12 
inch casing; ' 12 inches to 600 feet and 10 ' inches to the bottom, 
both uncased. 

Static water stands at ground level, with a qraw down to 70 
feet when pumped at 225 g.p.m. 
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. Driller's Log · 

. DE'PTH IN FEET 

Sand and gravel ................................... _ ... l . 0-18 
18-26 
26-115 

115-165 
165-300 
300-420 
420-560 
560-905 . 
905-920 
920-1030 

ELEVA TIO;N ABOVE 
SEA LEVEL, FEET 

, 563 
Boulders and blue shale ....... : ................... . 
Shale and limestone ........................ :c •••••••• 
Limestone ......... _ .......... _ .............................. . 
Shale and limestone ................................... . 

. Limestone ............ : ........... :_ .......................... ! 
Shale (Maquoketa) ... _ ... , .......................... . 
Limestone (Galena· Platteville) ... _ ........ . 
Shale · (Glenwood) .. " ....... _ ......................... . 
Sandstone (Saint Peter) ..... : .... : ................ . 

Chemical analysis* 

143 
3 

342 
357 . 

GRAINS PER GALLON 

Oxides ........................... _.c ........ _............................... 0.47 
Calcium carbonate ................................................ 7.50 
Calcium sulphate ......... _ .................... _................. 2.89 

~~~ie~~;hi~:~~~~~~ .. :::::::::~::::::::~:::::::::::::~::::::~:: . l!:gg· , 
.Alkali chloride ................. _ ........................ _........... . 30.20 

Total .... : .. '-................ _.: .................. _......................... 62.06 

This analysis was received too late for consideration under the 
subject of the saltness of the wells of the Davenport field . . The 
content of sodium chlorlde (alkaline chloride), 30.20 grains per' 
gallon, is but little in excess of that of similar wells analyzed 
before 1900, such as the Witt's Bottling Works. well, sodium 
chloride content 26.17 g.p.g: and the Crystal Ice and Cold Storage 
Company well, sodium chloride content 26.26 g.p.g.57a It can 
hardly be said, therefore, that the Nahant well offers proof of 
any considerable .r·ecent rise of the deep saline waters.underlying' 
thIS area. 

NEVADA 

In 1916 a city well was completed by -the J. P. Miller Artesian 
Well Company of Chicago. The depth reached was 2792 feet. 
Th~ diameters of the well are ' from 16 to 6 inch.es. The well is 
cased to 1780' feet. . 

The principal supply is said to have been struck at 2792 f~et, 
while other water beds were found from 1800 feet downward. 

The static level is 163 feet below the surface of the ground, 
while under continuous pumping at capacity of 180 gallons per 
minute there is a draw down to 212 feet below the curb. 

• By Chemist of Chicago, Milwaukee, St. Paul and Pacific R. R. Co., J anuary, 1929. 
57" Norton, W. H.; Al:tesian Wells of Iowa: Iowa Geol. Survey, vol. VI, pp. 274.275. 
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Mineral Content 'of City Well of 1916, NevaiW,* 

P.P.M. 
Bicarbonate ........................................................................ 317.2 
Chloride ... _ .................... _: ................................. _............... 35. 
Sulphate .................................................. : ........................ ; .. 417.2 
Silica .................................................................................. 7.2 
Fe,O.+AI,O. ...................................................................... 7.6 
Calcium ................................................................. _........... 114.7 
Magnesium ........... _........................................................... 48.8 
Na + K as Na ............................... _ ............................... 108'.9 

Total solids ......................................... : ............... :........ 898.0 

Record of strata, Nevada city well, 1916~ 

DEPTH IN FEET 

"Glacial drift" (60 feet thick; top 1005 f eet above sea level) .................... 0--60 
"Coal Measures " (198 feet thick; t op 945 feet above sea level) ................ 60--258 

. Mississippian (332 feet thick; top 747 feet above sea level): 
, , Limestone" ......... _ .... _ .................................. _ .......... _ ................ _ .... ~ .............. . 
"Brown sandy shale" .. : ........ , ................ :_ ........ _ .............. _ .............. _ ...... _ ...... . 
"Limestone, white; 3 samples" __ . ___________ _____________________________________________________ . 

Shale, drab, calcareous; limestone, 'buff and gray, considerable quartz 

258-260 
260--277 
277-310 

sand in irregular grains, and chalcedonic silica __________ . ___________________ . 305-310 
Shale, lighter drab, calcareous ______ ________ . .:.. ___________________________________ _______________ . 310--320 
Limestone, gray·buff, nne· grained, earthy, rather slow effervescence 

in cold dilute HCl ______________________________________________________________________ : _________ _ 
, 'Shale, gray, calcareous" ______ . ______________________________________ ___________ . ___________ . ___ 
"Shale, as above, with the addition of some light blue shale" __ . ____________ . 

Shale? .drab ; limestone, gray· buff ; white chert; .:fI.akes of chalcedonic 
silica ______ . __ .... __ . __ .... ____ . __________ . ______ .. ____ .. ____ . __ __ ..... ____ .. ____ __ .. ____ . _____ . ______ ... ______ . 

Limestone, gray, soft, nne crystalline· granular a!l,d earthy, rather rapid 

320 
330 
340 

350 

effervescence; vein quartz and crystals __ ____ ______________ ________________ . ___ . ____ 350--360 
Limestone, brown, reaction rather rapid, a little white chert, and chal· 

cedonic silica. intercrystallized with calcit e ', ____________ ________________________ __ 
Limestone, light gray, soft~ earthy, rather slow effervescence ______________ __ 
Chert, light blue-gray and arab, large ilakes; gray limestone in smaller 

'370 
390 

chips i chalcedonic silica; quartz . crystals ; 4 samples ____________________ .: 400--430 
Chert, as abo've; buff limestone, minutely arenaceous ____________ __ .: ______ . ___ ,__ 440 
Lin;J.estone, yellow and buff, reaction rapid, crystalline and' some oolitic; 

4 samples ____ . ________ . __ . ______ . ____ . ____ . ______ .. ____ .. ____ . ___ ... ____ . _____________ .: ___ . ____ .. ________ 450--480 
Limestone, dark drab, and gray·buff, rapid effervescence ________ : ______________ . 490 
Limestone, dark gray· buff, and light yellow· gray, in :fI.akes, reaction 

rapid __________ .. ____ .~ ... __ . ____ ._. __ .. ____ .. : __ .. _____ . __ . _______ . __________ . ______ . ____ .. __ ______ .:. __ . ____ 500; ~20 
Limestone, gray·buff; rather slow effervescence; a little -ivhite Chert ______ 530 
L imestone, gray·buff,. rs,ther slow effervescence __________________ :'. __ __ __ .:: ____ : __ ._: 540 
Limestone, brown, nne·grained, reaction rapid; blue chert ____ : __ .: ____________ . . 550 · 
Limestone, brown, reaction 'rather slow; blue chert __ . ___ .: ____ .: ____ .... _________ . 560 
Limestone, dark brownish "f.ray and buff, reactiXln rather slow; white 

chert ________ .... ________ ~ __ .. __ : __ __ ________ ._. ____ : ____ ~.: ____ : ______ ... ______________ : _____________ .: .• ___ . 570, 580 ' 
Shale, blue·gray, reddish brown, pur);ile~ . calcareous . _______________________ ________ . 590 
Shale, green and blue·gray, calcareous; 4 samples . ____________ __ .: ____ , _____________ . 600-630 

"Limestone, gray, contains rounded quartz grains'" ________ :: ___ : ________________ . ~40 
"Shale, light blue, noncalcareous" ____ , __________________ _____________ :: _____ .: __ :. ____ .: _____ :.: 650, 660 

Devonian and Silurian (680 fe~t thick; top 335 feet above 'sea level):' 
Limestone, light gray, calcilutite, in :fI.aky chips ________________________ : __ ..: __ .~ __ .~ 670 

* Analysis by Harry F. Lewis, Chemical Laboratory, Cornell College, Mount' Verno';, '1927. 
* Appar ently no samples of cuttings were saved ' below 1917 feet : The set. exal'r\ined by the 

writer is somewhat incomplete, and it is therefore supplemented by determinations ,made in the 
geological laboratory of the State College of Agriculture and Mechanic Arts .w.hen the .wel~. was 
drilled, and by the driller's log. 
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Limestone, blue and light yellow·gray and whitish, fine·grained, eam· 
pact, reaction rapid, some blue 'shale at 680, fossiliferous at 780; 
6 samples ..................................................................................... _ ............ . 

Limestone, brown, fine crystalline· granular, . and light yellow· gray ...... . 
"Limestone, white and brQwn, pyritiferous" ....................... 0' ............ ........... . 

680-730 
740 

740-780 
780 Shale, blue, plastic, calcareous ......... - .......... - ........................ --...... -, .. ---....... . 

Shale, gray, with some impure gray and buff limestone of rather slow 
effervescence ._ ..... _ ........... _ .. _ ............. _ ..... _ ..... _ ... __ ...... __ .. ___ ....... _ ...... _ ... _ .... . 

Shale, blue, as ' at 780 ........... _ .......•.. _ ............ : ....... _ .. _ .... __ ........ ___ ..... _ ........... _ .. 
Limestone, blue· gray, reaction rapid, limestone, buff, rather slow ef· 

790 
800 

fervescence ... _._. __ . ___ ........ ___ ~ _ ....... _ ................... _ ......... _ ............. _ ...... _._......... 810 
Dolomite, brown, crystalline ........ _ ................. __ ............ _ .... _ .. _ ....................... _._ 820 
Limestone, whitish and light gray, rapid reaction; 3 samples ... ___ ....... ___ 830-850 
Limestone, brown, reaction rather slow; limestone, gray. rapid reaction; 

in. sand ..... _ .. _ ....................................... _ .... __ .. _ ....... _ .......... _ ............. _......... 860 
,Limestone, light lYlue·gray, calcilutite, rapid effervescence ......... _ .. ,_ ....... 870, 880 
Shale, light blue·gray, highly calcareous ._ .. __ .. __ ..... _._ ... _ .... _ ........ _ .... __ ... _..... . 890 
Limestone, gray·buff, crystalline· granular, reaction rapid, some rather 

slow _____ ..... __ ......... ___ .. _._ ...... ___ ... __ .. _. __ .... _ ...... _ ..... _ .... _._ ................. _ ........... _ ... _. 900, 910 
"Limestone, dolomitic, brownish white" ...... ___ ... __ ~ ........ __ ........ _ .................... 920, 930 

Dolomite, gray:buff, very fine crystalline·granular; 4 samples ........ _ ....... 940-970 
Dolomite, light yellow·gray and buff, crystallin,e-granular; some lime· 

stone, reaction rapid; 3 samples ......... _ ... __ .......................... _ .. _ ..... _ .. _ ..... 980-1000 
"Dolomite, brown; contains some light blue noncalcareous shale" ........ 1010 

Dolomite, brown and buff, crystalline-granular; 4 samples ........... _ ...... _1020-1050 
Gypsum, white, in hard concreted masses, with some dolomite; ' 3 sam· 

pIes; at 1080 rusted and pyritiferous ... _._._ .......... __ ........... _ .. ___ .......... _ .. 1060-1080 
Dolomite, bUff; limestone, 'buff; a little gypsum ....... _ ....... _ ... ____ ......... ,..... 1090 
Dolomite, buff·gray, fine·grained, compact, a little gypsum at 1120; 

3 samples ._ ....... _._ .. __ ._ ................. _ .. _ ...... _. __ ._ .. _ .. _._ .............. _ ......... ___ .. __ .... ____ .1100-1120 
"Limestone, white, argillaceous" _ ........ _ ........... _____ .... __ ..... _._ .... _ .. _.................... 1130 
L~estone, light buff·g~ay, calcilutite} rapid effervescence ....... _ ............ 1140, 1150 
LImestone, brown and light gray, rather slow effervescence ...... _ .... _ .. _ .... 1160, 117() 
Shale, light blue·gray, calcareous ............. _ .......... __ ........... ~ ...................... _.... 1180 
Dolomite, buff, argillaceous; 3 samples ... _ ....... ___ .. __ .... __ ... __ .... __ . ___ ........ _ ...... 1190-1210 
Dolomite, buff and gray; shale, drab, fujsile .. __ ..... _ .. , .................. _ ......... _...... 1220 
Limestone, buff, reaction rather slow; much blue·gray and white chert 1230 
Chert, blue· gray and white, some translucent, limestone, light gray, 

reaction rather slow; 3 samples .... __ ...... __ . __ ...... _ ... ___ .. _ ~ ___ ._ ..................... 1240, 1260 
." Dolomite, white, highly siliceous, very harll to dissolve in HCI; 6 

samples" ... _ ........ _ .. _ .. _. __ ... __ ... __ . ___ .. _ ... __ ..... _ ... __ .. _._ ........ ___ .... _. __ .............. _ .... 1270-1320 
Dolomite, whitish; some white chert ..... __ .... ___ ......... _._ .. __ ._ ... __ ... _ ....... _............ 1320 

"Dolomite, brownish white" ............. ___ ..... _ ... _.~ ..... _ .. __ ....... _ ......... _._ .......... _ .. _.. 1330 
Dolomite, light yellow·gray; a little chert . ___ ..... __ ...... __ .. _ ....... _ ........ _ ..... _ .. _... 134'0 

Maquoketa shale (50 feet thick; top 345 feet below sea level) : 
Shale, blue, calcareous, in moulded masses, including some chips of 

white chert ~ .. _ ..... _ ..................... _ ... _ ....... __ ...... ___ ... _ ..... __ ... _ ...... _ .. _............... 1350 
Shale, blue, calcareous; some purplish drab, fissile, somewhat calcareous 1360 
Shale, drab and purplish drab ..... __ .. _ .... _ ...... _ .......... _ ...... _ ... _........................ 1370 
Shale, light blue·green, calcareous ........ _ .......................... : ......... _ ......... _. __ .... 1380, 1390 

Galena to Platteville inclusive (480 feet thick; top 395 feet below sea level) : 
Dolomite, brown, cherty ... _ .... _ ..... _ .. _ ................... _ ............... _ .... _ ................ :_.1400, 1410 
Dolomite, gray, cherty, in fine crystalline meal ................................... _..... 1420 
'Dolomite, gray, much chert of the same color in chips of same size ...... 1430 

"Dolomite, brownish white" ....... _._ ....... _ ............... _._ .......... _ ...... _ ... _ ... _ .... _ .... 1440-1490 
Dolomite, gray, much chert of sanie color ... _ ...... _ ........... _ .................... __ ..... 1500 

"Dolomite, white" ..... _ ....... , ...................................... _ ........ _._ ....................... _ .. 1510-1530 
Dolomite, yellow·gray, in fine crystalline sand .................................... _...... 1540 

, 'Dolomite, white " ..... :_ .... _ ... _., ... __ ................. _ ..... _ .... _ .... _ .. : ........ _ ............... __ .. 1550-1570 
. Dolomite, yellQw,grI1-Y, in fine cryst8ll.ine sand, cherty at 1600 and 1620; 

3 'samples . __ ....... , ................................. _ .......................................... _ ...... _.1580-1620 
Limestone, whitish, argillaceous, in friable masses; rather slow reaction 1630 
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Dolomite, light buff, in crystalline sand _______________ :____________ ____________ ____________ . 1650 
"Limestone, ·brownish white" _____________________ : ____ : _________ , _____________________________________ 1660-1720 

Dolomite, light .buff-gray __ ____________________________________________________________________________ 1720 
"Limestone, browni,sh white; 2 samples" ____________________________________________________ 1720-1830 
"Limestone, brown" ____________ ____________________ :,._:___________________________________________________ 1,830 

"Doloniite, white" contains particles of blue ,noncalcareous shale (Glen-

"Lim:~:e,S;~~e:: :::::::::::::::::::::::::::::::::::::==::::::::::::::::::=::::::=::::::::::::=:::::::::1840-~~~~ 
Saint Peter sandstone .( 47 feet thick; top 875 feet below sea level) : 

"Sandstone, white, water-worn; and blue shale"; 2 samples ' __________________ 1880-1917 

. Driller's Log 

DEPTH IN FEET DEPTH IN FEET 
Soil and yellow clay __________________ 0-3'0 
Gravel and boulders __________________ 30-33 

Lime ___________________________________________ 775-78'0 
Shale __________ ._: __ .____________________________ 780-810 

Sand and yellow clay ______________ 33-60 
Black and gray shale ________________ . 60-75 
Red marl _______________ :______________________ 75-93 
Brown shale ___________________________ .____ 93-100 

Lime ____________ . ______________________________ 810-811 
Shale ___________________________________________ 8J 1-820 
Lime, very good __________ : ______________ 820-1140 
Very dark brown hard-lime ____ 1140-1260 

Dark brown shale ____________________ 100-150 
Black shale ______ ____________________________ 150-200 

Quartz lime (1260) __________________ 1260-1325 
BroWIi lime ______________________________ 1325-1345 

Gray slate ____________________________________ 200-202 Green shale ______________________________ 1345-1406-5 
Black shale _,_____________________________ 202-248 Brown hard limestone _________ 1406-5-1513 
Gray soft slate _______________________ 248-258 White hard lime ________________________ 1513-1690 
Lime ______________________________________________ 258-260 Brown yellow lime ___________________ 1690-1800 
Brown sandy shale ____________________ 260-277 Had 2 feet soft drilling after 
Got solid lime at _______________________ 277 1800 and green shale ________ 1800-1840 
Gray and brown lime _______________ 277-305 Hole caves badly' ________________________ 1844 
Brown shale __ __ ____________________________ 305-310 Hard lime ___________________________________ 1844-1870 
Gray shale _____ ____ • ______________________ 310-320 Lime __________________________________________ 1870-1884 
Shale ___________________________________________ 320-345 Sand, hard _______________________________ __ 1884-1917 
Lime ______ ______________________________________ 345-355 Lime _____________________________ _____ _________ 1917-2080 
Shale _________ : _____ :____________________________ 355-365 Sand ____________________________________________ 2080-2090 
Broken lime ______________________ ,_________ 365-430 Lime _____________________________________ ______ 209~2120 
Brown lime __________________________________ 430-470 
Gray and. blue lime ____________________ 47-0-570 

Sand and sandy lime __________________ 2120-2198 
White sand __________________________________ 2198-2235 

Red and brown shale, looks Lime ___________ . _________________________________ 2235-2407 
like hon bog _____________________ 570-5.80 Sand ____________________________________________ 2407-2432 

Shale, blue, looks whitish when Sandy lime __________________________________ 2432-2650 
drilled up __________________________ 580-667 Shale, marl and lime, streaked; Lime ______________________ _____________________ 667-668 

water stands at 145 feet Shale __________________________________________ 668-672 from the surface ________________ 2650-2720 
White lime _______________________________ 672-760 Green sand and lime ____________ ____ 2720-2750 
Shale ___ : ________________________________________ 760-775 Lime and sa,nd rock ___________ . ______ 2750-2792 

CITY WELL OF 1928 

. This well, drilled by Thorpe Bros. Well Co. of Des Moines, is 
2791 feet deep with diameters from 16 to 6 inches. The main 
supply was .found from 2723 to 2791 feet, in or just below the 
Franconia beds of the Saint Lawrence formation. Other water 
beds reported are: _ 1890 to 1925 feet < (Saiht. Peter sandstone), 
2190 t.o 2215 feet (New Richmond sandstone), and 2240 to 2250 
feet (Oneota dolomite). Tests, however, of these beds "did not 
show much water". The final tests showed a puniping capacity 

... ", j 
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of 250 g.p.m. The static level is 165 feet below the surface or 
within 2 feet of that of the well of 1916. The static level as the 
well was drilled is stated to have been about the same as at the 
completion. The draw down is to 241 feet below the surface of 
the ground. The temperature of the water is 67:. Its effect 
on boilers is bad. The cost of the well was $29,000. 

The casing of the well is as follows: 303 feet of 16 inch, 533 
feet of 12 inch, 622 feet of 10 inch, 519 feet of 8 inch, and 885 feet 
of 6 inch. 

Mineral Analysis of N evada well of 19$8" 

CONSTITUENT • PARTS PER MILLION 

Sodium and potassium ............ 103.2 
GRAINS PER U. S. GALLON 

5.99 
Calcium ........................................ 139.5 
Magnesium .................................. 59.97 
Iron and alumina ...................... 4.34 
Sulphate ...................................... 554.3 
Nitrate ...................................... :. none 
Chloride ............... _....................... 30.0 
Bicarbonate ................................ 327.0 
Normal carbonate or hydroxide none 
Silica ................ :........................... 22.2 

Total mineral residue ............. . 
Fixed mineral residue ............. . 
Organic and volatile residue ... . 
Total hardness (soap method) 

1217. 
1011. 
206. 
380. 

8.10 
3.5,0 
0.25 

32.2 
none 
1.74 

18.98 
none 
1.29 

70.5 
58.6 
11.9 , 
22.1 

An analysis made in August, 1928, by the International Filter 
Co. of Chicago gives the following hypothetical combinations: 

PARTS PARTS 
PER MILLION PER MILLION 

Calcium carbonate .................. 273. 
Calcium sulphate ...................... 88. 

Suspended matter .................. 20. 
So.dium sulphate .............. '........ 482. 

Magnesium sulphate ... __ ....... 195. 
Iron' oxide (unfiltered 'sample) 4.3 

Sodium chloride ........... _......... ' 63. 
Free carbon dioxide ................ 6.0 

Silica .. ,....................................... 13. 

Record of strata, Nquada Well, 19$8 

. , DEPTH IN FEET 

Pleistocene and Recent (68 feet thic~; top 1005 feet above sea level): 
Till, brown·buff, sandy, calcareous, in lumps .................. :........................... 10 
Till, buff, calcareous .......... _ ....................................... _: ........... _..................... 20, 
Till, or clay, light drab, feebly calcareous; some coarse sand; in 

moulded masses ..................................................................................... _. , 30 
Till, bright yellow, sandy, calcareous ......................... _ ................................. 35, 40 
Till, yellow, pebbly, calcareous ............... _ ........ : .... : ... :................................... 57 
Sand and gravel, pebbles up. to 2lh cm ........ _............................................. 65 
Till, greenish drab, calcareous, sandy ........ : ........................... ~..................... 68 

*By M. K. Tenny, Des Moines, August, 1928. 
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Pennsylvanian (203 feet thick; top 937 feet above sea level): 
Shale, red, yellow and whitish, unctuous, noncalcareous .......................... 77 
Shale, pink, some blue ......................... _ ...................... _................................. 88 
Shale, drab and black ...................................................................................... 95 
Shale, blackish, some pebbles from the drift; coal ......... _........................... 105 
Shale, light blue· gray, very finely arenaceous ... _....................................... 115 
Shale, pink and gray; 3 samples ................................. ~ ............... _ ............... 127-150 
Shale, black ........................... _ ................................ _...... .................................. 162 
Shale, gray ....................................................................... _............................... 170 
Shale, dark drab ................................................. _........................................... 185 
Shale, gray and blackish .................................................................. :............. 205 
Shale, drab ............................................... _ ...................... _............................... 220 
Shale, black ........................................................................................................ 230, 240 
Shale, ' very light gray, finely arenaceous ......... _ ........................... : .. _........... 258 
Shale, drab; sandstone, gray, calcareous, fine irregular grains ................ 262 
Shale, gray and blackish ........................... _................................................... 268 

Mississippian (390 f eet thick; top 725 feet above sea level) : . 
' Limestone, yellow·gray, fine·grained, rather rapid effervescence in cold 

dilute HC~; in large chips concreted in shale ................................... . 
Limestone, drab in mass, yellow·gray, crystalline'earthy, rapid and 

moderately rapid effervescence, slightly arenaceous with fine ir· 
regular grains of clear quartz ... _ ........................ _ .............................. . 

Shale, light gray .............................................................................................. . 
Shale, drab, and limestone ............. _ .............................................................. . 
Chert and chalcedonic silica in chips; some quartz sand; a little buff 

and drab limestone; concreted with gray shale ............................... . 
Shale, drab, a little white chert; drab argillaceous limestone ............... . 
Shale, gray; milky quartz; gray soft limestone of rapid effervescence; 

colorless quartz ................................. _ ...................................................... . 
Limestone, light gray and drab, rather slow effervescence; milky 

280 

300,310 
320 
350 

360 
370 

380 

quartz; shale, gray, in hard concreting masses ......... _ ................ _..... 390 
Limestone, gray; some milky quartz ..................... _........................................ 39(}.-400 
Chert, light blue·gray and white in large chips; milky quartz; some 

gray limestone of 'rather slow effervescence ........................................ 410-430 
Limestone, buff, rapid effervescence; some white chert; chip of aggre· 

gate of calcite, pyrite, chalcedony and clear quartz ......................... . 440 
Limestone, yellow and buff, rapid effervescence, crystalline· granular, 

in sand ........................................................................................................ 450-470 
Limestone, light brown and gray, some mottled, rapid effervescence; 

ill large flakes ................................................................................... _ ..... 480, 490 
Limestone, gray, yellow·gray and brown, rapid effervescence .................. 500·520 
Limestone, . drab, fine crystalline, moderately rapid effervescence; in 

large flakes ................................................................................ : .............. . 530 
Limestone, brown, moderately slow. to rapid effervescence; much bh,le· 

gray, gray and white chert; 4 samples ................................................ 540-570 
Kinderhook shale: 

Shale, brown, some light blue, arenaceous ............... _ ............................ . 
Shale, greenish and light blue· gray, calcareous .................................. _ .. 
Limestone, gray, cherty, pyritic, slow effervescence ............... _ ............ . 
Shale, light blue'gray, calcareous; 3 samples ....................................... . 

Devonian (330 feet thick; top 335 feet above sea level) : 
Limestone, gray, fine· grained, earthy, rather rapid effervescence; in 

large flakes ....................................................... : ....... _ .............................. . 

580 
600,610 

630 
640-660 

670 
Limestone, light yellow· gray and gray, calcilutite and fine· grained, 

rapid effervescence; 5 samples ................................................ ::. ............ 680-720 
Limestone, very light gray, fossiliferous, soft, earthy-fine· crystalline ; 

gray limestone harder, compact, of very fine grain; all of rapid 
effervescence ................................................................................................ 740, 750 

Limestone, as above, in sand; much blue·gray calcareous shale in 
chips; and a little dark gray argillaceous and micros<{opically quartz· 
ose limestone ........................... _ ...................................... _ ........................ . 

Limestone, drab, fine'crystalline, rather slow effervescence; some shale 
760 
770 
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Shale, blue·gray; limestone of same color, crystalline'granular, rather 
rapid effervescence ............................................................... _................. 780 

Shale, light blue, calcareous; in hard moulded masses .............................. 800, 810 
Limestone, whitish and light gray, rapid effervescence, earthy; 4 sam· 

pIes .............................................................................................................. 830-860 
Limestone, or dolomite, dark gray, slow effervescence, fine·crystalline.... 870 
No samples ........................... _ .................................................... _, ......... _ ...... ,.. 880, 890 
Limestone, light gray, rapid effervescence .................................................. 900 
Dolomite, buff and gray, crystalline· granular ........... _ ...... _ .... _, ..... _ ....... 910-920 
DolOmite, buff and yellow·gray; some drab limestone ................................ 930 
Dolomite, buff, hard, crystalline· granular ... _ ...................................... _..... 940 
Limestone, magnesian, or dolomite, gray· buff, rather slow effervescence, 

fine·grained ..................................................................................... _ ........... 950, 960 . 
Limestone, buff, gray·buff and brown, sonie macro crystalline, ratheI' 

slow effervescence, with calcite .............................................................. 970, 980 
. Limestone, light · yellow·gray, some rapid, some slow effervescence; in 

sand ............ : ..................................................................... , .... _ .................... . 990 
1000 Limestone, gray and light yellow·gray, rather rapid effervescence ......... . 

Silurian (340 feet thick; top 5 feet above sea level) : .. 
Dolomite, br{)wn, some gray, a -little gypsum in small white chips ......... . 
Dolomite, buff, brown and gray, a little gray shale ................................. . 
Dolomite as above, a little gypsum in white chips ............................. : ..... . 
Dolomite, brown and buff, fine crystalline· granular ; :flakes of yellow-

gray limestone ........... __ ......... _._ .......... __ ...................... _ ........................ __ .... . 
Dolomite, gray; drab laminated shale, considerable gypsum in chips ... . 
Gypsum, in large gray chips; hard greenish drab shale, laminated, non-

calcareous in large chips; brown dolomite in sand _ ..........................• 
Dolomite, gray, fine· grained, rather slow effervescence, a little gypsum 
Gypsum, gray, in hard concreted mass with some dolomite ..................... . 
Dolomite, buff and gray, fine· grained, much gypsum in chips and 

1010 
1020 
1030 

.1040 
1050 

1060 
1070 
1080 

concreted masses ............... _ ..................................................... , .... _ ......... 1090, 1100 
Dolomite, gray and buff, hard; an {)ccasional :flake of dolomite with 

selenite ........................................................................................................ 1110, 1120 
Dolomite, buff; some white argillaceous masses with a: little chert.......... 1130 
Limestone, light buff· gray, rapid effervescence; some buff dolomite; 

considerable light blue shale ......... _....................................................... 1140 
D{)lomite, buff·gray; some limestone _ ................................. :......................... 1150 
Dolomite, brown, rather slow effervescence, cherty at 1160; 3 samples .. 1160-1180 
Dolomite, buff ·and yellow· gray, argillaceous; 3 samples ............................ 1190-1210 
Chert, white, blue and yellowish, some translucent, but polarizing as . 

:flint; some gray limestone or dolomite of rather slow effervescence; 
10 samples ... _ ..................................... : ............ , ............... _ ......................... 1220-1310 

Dolomite, light yellow· gray, a little white chert ..................... , ........... _..... 1320 
Dolomite, blue· gray ....................... _ ............................................... , .. _............. 1330 

Ordovician: 
Maquoketa shale (80 feet thick; top 335 feet feet below sea level)-

Shale, light blue· gray and red, calcareous, in concreted masses ..... . 1340 
Shale, blue and greenish gray, drab at 1390, with chips {)f chert 

probably from above; 6 samples ' .................................................. 1350-1400 
Galena·Platteville (440 feet thick; top 415 feet below sea level)-

Dolomite, buff and brown in mass, in fine crystalline sand, cherty, 
much gray and buff chert at 1460; 5 samples ..... _ ..................... 1420-1480 

Shale, drab; much dolomite in fine crystalline sand ............... _......... 1490 
Dolomite, drab, highly argillaceous, in chips; much drab :flint 

and shale .................... , .................................... _ .............. _ ................ . 
Dolomite, buff'gray, in crystalline sand .and chips, argillaceous; 

much :flint of same color, and some milky quartz ............... _ ...... . 
Dolomite, drab in mass, argillaceous; much :flint of same color ..... . 
Shale, drab; considerable light gray limestone of rapid efferves-

cence and white chert ..................................................................... . 
Dolomite, gray, yellow·gray and buff, in crystalline sand; 11 

1500 

1510 
1520 

1530 

samples .................................. _ ...................................... _ ........ _ ............. 1540-1640 
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Limestone, buff.graY and light gray, rapid effervescence; · some 
dolomite; cinders; 3 samples ... _.: ................................................... 1650-1670 

Limestone, gray, nne· crystalline, soft, in large chips ........................ 1680, 1690 
Dolomite, gray and light brown, in sand, cherty except at 1700; 

4 samples ... _ ............................................................ _ ......................... 1700-1730 
Limestone, gray and yellow·gray in · mass, rapid effervescence, 

some large thin flakes; some dolomite and chert ................ : ....... 1740,. 1750 
Limestone, light gray, whitish, gray and buff, earthy, rapid ef· 

fervescence; fossiliferous and with a little shale at 1830; 
8 samples ... _ ...................................................... _ .... : .......................... 1760...:1830 

Limestone, gray in )Ilass, some brown infla=able shale in large 
flakes ...................... ~.......................................... .................................... . 1840 

Limestone, gray; fossiliferous .... :~ .......... _.............................................. 1845 
No samples .............................................. : .................................... : ............ 1845-1860 

Glenwood shale . (20 feet thick)--
Shale, dark green, in small flakes; much limestone, light gray, soft, 

earthy; pyrite ....... _ ........................................................... :............... 1860 
Shale as above, feebly calcareous, in large flakes; limestone as 

a hove ....................................... , ............................................................ 1860-1870 
Shale and limestone as above ............. _ ................................................... 1870-1878 
Shale, dark slaty green, hard, in parts with conchoidal fracture, . 

noncalcareous ........ : ............................................................................. 1878-1880 
Saint Peter sandstone (40 feet thick; top 875 feet below sea level)­

Sandstone, gray in mass, grains medium, well rounded, frosted, of 
clear colorless quartz; much green shale in large fl,akes .......... 1880-1890 

Sandstone as above, grains up to .7 mm. in diameter; much shale 
in small flakes ... _ ............................................................................. 1890-1895 

Sandstone, white, as above; considerable shale; sandstone nner at 
.1913; 4 samples ~ ............................................................................... 1895-1920 

Prairie du Chien-
Shakopee dolomite (190 feet thick; top 915 feet below sea level)- . 

No samples ............. _ .............. _ ...................... _ ...... _ .. _ ..................... 1920-1950 
Dolomite, brown; much white chert; a little quartz sand ...... 1950 
Dolomite, gray, some quartz sand ... __ .......... _ .. _ .... _ ................... 1960, 1970 
Dolomite, buff, white siliceous oolite in nne spherical grains 1980 
Chert, white; dolomite, brown· gray .............................................. 1990 
Dolomite, light buff and light gray; cherty at 2000 and 2020; 

a little quartz sand; 4 samples ......... _ ................................... 2000-2030 
Dolomite, buff and gray; considerable quartz sand; imbedded 

grains in dolomite chips; secondary enlargements; some 
chert and pyrite; 6 samples .................................................. 2040-2090 

Dolomite, brown· gray, highly arenaceous; imbedded grains; 
an occasional quartz crystal ............................... _ ................ . 

Dolomite, light buff, oolitic; highly arenaceous ......... _ ...... __ .. . 
New Richmond beds (100 feet thick; top 1105 feet below sea 

level)- . 
Sandstone, white, grains well roundea, frosted, secondary en· 

largements, grains up to 1 =. in diameter; some buff 

2100 
2110 

dolomite ....................................................................... :._ ........... 2120-2130 
Dolomite, yellow·gray; a large chip pyritic and with sand·. 

stone laminae ........................................................................... . 
Dolomite, yellow·gray; some quartz sand ................................. . 
Dolomite, gray, arenaceous with imbedded grains; sandstone 

nne, in chips and sand, secondary enlargements ............... . 
Dolomite, very light gray; sandstone with dolomitic cement 

and secondary enlargements ............................ _ .................... . 
Sandstone, white,. rusted yellow, fine, larger grains well round· 

2i40 
2150 

2160 

2170 

ed, frosted; secondary enlargements; a little dolomite .... 2180, 2190 
Sandstone, white, larger • grains 1.2 mm. in diameter, well 

rounded, fr.osted; some chips of nne sandstone with dolo· 
mitic cement ......................................................... .: ................... 2200, 2210 

• 
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Oneota dolomite (160 feet thick; top 1205 feet 'below sea level)-
Dolomite, gray and buff, vesicular and macro crystalline at 

2240, embedded grains of quartz sand at, 2250; cherty at 
2300; more or less quartz sand in all samples; 15 sam· 
pIes ................................ ;_ ........................................................... 2220-2370 

Cambrian: 
No samples ......................... : .......................... _ ................................... 2380, 2390 

Jordan sandstone (30 feet thick; top 1385 feet below sea level)­
Sandstone, light yellow·gray in mass, nne, well rounded grains; 

some dolomite in chips showing imbedded grains ........................ 2400, 2410 
Sandstone, yellow, clean, larger grains 1 =_ diameter .................. 2420 

Saint Lawrence-
Trempealeau dolomite (200 feet thick; top 1415 feet below sea 

level)-
Dolomite, gray, a little quartz sand ............. _ .............................. . 
Dolomite, light yellow· gray, in nnest crystalline sand or in 

2430 

chips; 3 samples .............................. _ ............ _ ................. _ .......... 2440-2460 
Sandstone, blue·gray in mass, grains minute or microscopic, 

pyritic, dolomitic; in chips and powder slightly concreted 
Dolomite, blue'gray, minutely arenaceous, pyritiferous; argil· 

2470 

laceous at 2510; 4 samples ... _ ................................................. 2480-2510 
Dolomite, gray, brown and buff; 3 samples ........ __ ................... 2520-2540 
Dolomite, gray, minutely arenaceous, pyritic, in chips and -

concreting powder ......................................................... _......... 2550 
Dolomit~, dark gray, in chips ........ _............................................... 2560 
Dolomite, gray, pyritic and minutely arenaceous at 2580; 

6 samples ...................................... _ ....................... _ ................... 2570-2620 
Franconia beds (165 feet penetrated, top 1615 feet below sea level)­

Shale, light gray, in friable moulded masses; dolomite, glau· 
conitic, minutely arenaceous ...................... _ .......... _ ... _ .......... _ .. 

Shale, drab, unctuous, ilL hard concreted masses mclosing small 
chips of highly quartzose dolomite ........................... _ ........... . 

Sandstone, gray, grains minute, highly glauconitic, ' dolomitic 
Sandstone, gray, grains minute, some nne and rounded, pyritic, 

glauconitic, dolomitic; splintery flakes of dark drab 

2630 

2640 
2650 

laminated shale slightly dolomitic; 3 samples .................... 2660-2680 
Shale, dark drab, nnely laminated; a little limestone, very 

light gray, mottled dark gray and buff, rapid efferves· 
cence, soft, earthy, ' in thin flakes, minutely quartzose, 
glauconitic; some sandstone at 2710, grains minute, cal· 
careous, rapid effervescence, glauconitic; 3 samples ........ 2690-2710 

Sandstone, nne and of microscopic grains, glauconitic, dolo· 
mitic; shale, dark drab, in large flakes ............................ . 

Shale, strong green, highly glauco~tic and arenaceous; or 
sandstone, argillaceous; in concreted friable masses; shale, 
dark drab, fissile, in flakes ................... _ ................. _ ............... . 

Sandstone, gray in mass, in detached grains, highly diverse in 
size from minute quartzose particles to fine, some grains 
well rounded, a few secondary enlargements of clear coldr· 

2720 

2730 

less quartz, highly glauconitic; 3 samples ..... _ .. _._ ..... _ .. _ ... 2735-2745 
Sandstone, green and gray, grains as above, highly glauconitic; 

argillaceous, powder; much drab shale in thin flakes ...... 2750, 2760 
Sandstone, gray, grains as above, glauconitic; splinters of 

drab shale ....................................... _ .... ~ .... : ................................ 2765, 2770 
Sandstone, clean except for a little drab shale, very nne, not 

well rounded except some of larger grains, an occasional 
grain of feldspar and ferromagnesian mineral ........ : ......... 2775, 2780 

Sandstone, buff, coarser, a few grains reaching 1 =. diam-
eter; much green shale in fx:iable masses, highly arenace-
ous and glauconitic; much drab shale ............................... . 

Sandstone, buff, gray and green, in small chips, hard, 'minute, 
'some grains fine and r.ounded, highly glauconitic, non· 
dolomitic; much drab shale in large thin flakes, cuttings 
mostly shale .................. __ ......................................................... . 

2785 

2790 
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Notes.-In the Nevada section no attempt 'has been made to dis­
criminate the different formations of . the 'Mississippian above 
the Kinderhook shale. To this formation is assigned the shale 
from 57O' .to 680' feet (driller's log of well of 1916); whiqh clear­
ly is the same as the shale ' in the Marshallto~n well at corre'" 
sponding depth. 

No definite line can be drawn between the Devonian and Silur­
iay., 'since the lower beds' of the Devonian are, in places, as, at 
Cedar Rapids, dolomitized. 'At Ames Beyer assigned to the 
Devonian a thickness of 310 feet. A like thickness at Nevada 
will carry the Devonian near to the gypsum-bearing beds at 10'10' 
feet (well of 1928), which . credibly may be taken as Silurian of 
the Salina group. The heavy chert bed near the base is worthy 
9f note, since chert characterizes the basal beds of the Niagaran. 

The shale from 1340' to 1420' may be assigned to the Maquoketa 
with confidence, and perhaps the shales and argillaceous dolo­
mite from 1490' to 1540', together with the 70' feet of overlying 
cherty qolomite, should go t'o'the same formation. Gray-cherts 
are characteristic of this horizon. 

In the cuttings of the well of 1916 a sawple labelled 1620'-1650' 
is of sandstone of St. Peter facies, with shale of Glenwood facies ' 
and some dolomite. This was omitted from- the record of strata 
as evidently an error in labelling. The samples of the well of 
1928 show no sandstone of the kind above the Saint Peter at 1880' 
feet. 

The persistent brown inflammable shale at 1840' feet signalizes 
the near approach of the Glenwood shale ' and the Saint Peter 
sandstone. 

The Glenwood shale is not well made out in the cuttings of 
1916, but is clearly shown in those of the well of 1928. Here it is 

. 20' feet thick, and unless the limestone in the upper cuttings is 
foreign, includes considerable limestone, showing ' a gradation 
into the overlying Platteville. 

The Saint Peter sandstone occurs considerably below the depth 
at which it might be expected with a fairly uiliform descent from 
the east and some · share in the Ames Anticline of Beyer. The 
gradient from Cedar Rapids, where the Saint Peter is abnormal­
ly thin, to Belle Plaine is five feet to the mile. From Belle Plaine 
to Nevada the gradient is somewhat steeper, 6.5 feet to the mile. 
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But in the eight miles from Nevada west to Ames the Saint 
Peter rises 455 feet in the Ames anticline and but 30 feet of this 
can be laid to the greater thickness of the formation at Ames. 
This pronounced upfold is thus narrower on the eastern limb 
than might hav.e been expected and the position of the Saint 
Peter is correspondingly deeper at Nevada. A rather narrow 
downfold at Nevada may accoinpany the Ames up fold: Thus the 
writer's forecast of the normal depth to the . Saint Peter at 
Nevada, as about 1600 feet, based on a uniform dip from the east, 
was about 280 feet astray.58 The three members of the Prairie 
du Chien are well derriarked-the Shakopee dolomite, oolitic at 
two levels, the sandstone and sandy dolomites of the New Rich-
mond, and the Oneota dolomite. . . 

The Jordan is but 30 feet thick and in part carries a dolomitic 
matrix which seriously interferes with its capacity as an aquifer. 

The Trempealeau dolomites of the Saint Lawrence include 
characteristic' sandy layers of minute angular grains of ' clear 
quartz; and at 2630 feet pass into the Franconia beds, character­
ized by shales, minutely arenaceous dolomites, and sandstones of 
microscopic grain, all of which may be glauconitic. In certain 
beds the glauconite is so abundant as to constitute a veritable 
" greensand' '. 

No coarse, clean sandstone of Dresbach facies was encountered. 
Apparently at the bottom of the well the drill was still in the 
Franconia. It is possible, however, that the sandstone at 2765 
feet is the westward extension of th'e Dresbach and that the foqt­
ing of the well is in the Eau Claire beds. 

The following table shows the compar'ative thickness jn feet of 
the formations below the Saint Peter in the deep wells of this 
area. 

NEvADA GRINNELL 

Prairie du Chien ....... _........... 450 449 
Jordan ........... _ ......... ,................... 30 ' 60 
Trempealeau ..... :........................ 200 110 

Total of above ................... :........ 680 
Franeonia ....... _ .. _....................... 1~5-f 
Dresbaeh ....................... :.. ............ . 
Eau Claire .: ............. : .................. . 

619 
140+ 

AMES 

610 
105 
10+ 

725+ 

BOONE DES MOINES 

...... 393 . 
147 

525 540 
421' 4357 
54' 
14+7 . 

518 Underground Waters of Iowa, Iowa qeol. Survey, vol. .XXI, p. 912. 



NEW · ALBIN .. WELLS 

Driller's log of Ne1)a~a Well, 19t8 

DEFTH m FEET 
Soil ......... ~.:.. .................................. 0-5 
Yellow clay and sand ................. : 5-23 
Blue clay.................................... 23-35 
Yellow clay, sandy ........ ~........... 35-186 
Dark yellow clay ...................... 186-195 
Sand and gravel ........................ 195-2.03 
Light blue shale .......................... 2.03-213 
Red shale ....................................... 213-223 
Shale mixed ................................ 223-251 
Red shale .................................... 251-264 
Light shale ..................... : ............ 264-274 
Dark colored shale ...................... 274- 288 
Slate colored .shale .................... 288-331 
Dark eolored shale ........ : ........... 331-375 
Lime rock broken with streaks 

of shale ............... : ................ 375-448 
Solid white lime ........... : .............. 448-485 
Broken lime and shale .............. 485 .. 7.01 
Shale, blue .................................. 7.01-744 
Lime rock .......................... c ......... 744-766 
Shale ................ :........................... 766-781 
Lime rock .................................. 781-864 
Shale ............................................ 864-866 
Lime, white ................................ 866-911 
Shale, light .................................. 911-933 
Lime rock, white ........................ 933-1132 
Brown lime .................................. 1132-12.05 
Lime, brown, hard ....................... 12.05-1254 
Lime, white ................................ 1254-1268 
Brown lime ................................ 1268-1315 
Gray lime .................................... 1315-135.0 
Lime broken with. shale, sandy .. 135,o-142,o 
White lime ........... , ...................... 1420-1500 

Dm;TH, IN FEET . 
Brown lime ................................ ~.15'O'O-155'O 
Hard' white lime ........................ 155.0-162.0 
Brown lime .................................. 162.0-163.0 
Hard brown lime ..... : .................. 1630-1715 
White lime .................................. 1715-1765 
Brown lime .................................. 1765-1827 
Shale, blue .................................. 1827-1828 
Brown lime .................................. 1828-1845 
Green shale ................................ 1845-1849 
Bl'own lime .................................. 1849-1878 
Green shale ........................... : ...... 1878-189.0 
St. Peter sand ............................ 189.0-1925 

. Gray lime .................................... 1925-1932 
Case 'with 8 in. casing 532·4 .... 1932-2451 
Gray ' lime .................................... 1932-194.0 
Gray lime, hard .......................... 194·0-198.0 
White lime .......... , ....................... 198.0-1992 
White lime, hard ........................ 1992-2.03.0 
Brown lime ................................ 2.03.0-21.03 
White sandy lime, dolomitic .... 21.03-219.0 . 
New Richmond sand .................. 219.0-2215 
Lime, dark, hard ........................ 2215-224.0 
Lime, some water, no cuttings .. 224,o-225,o 
Brown lime, hard ........................ 225.0-228.0 
White lime .................................. 228.0-234.0 
Brown lime ........................ ~ ......... 234'O- 24'O4 
Sand .............................................. 24.04-2425 

. Brown lime .................................. 2425-258.0 
Gray lime .................................... 258.0-2654 
Green shale ................................ 2654-266.0 
Lime, broken, streaks of shale .. 266,o-2723 
Sand, green color ...................... 2723-2785 
Lime .............................................. 2785-2791 

NEW ALBIN, ALLAMAKEE COUNTY 
. (..4ltitu& 651 feet) 

Eight artesian wells in the village of New Albin a~(3 listed. in 
the Report on the Underground Water Resources of Iowa, 1912, 
and since that time several others have been drilled. As for the 
most part no pains have been taken to prevent waste, the supply 
is now overdrawn and the static level has sunk from 682 feet to 
659 feet above sea level. 

In 1925 a deep well was completed for public supply by the 
Howard R. Green Company of Cedar Rapids, with J. W. Welsh 
of La Crescent, Minnesota, as driller. The depth is 585 feet, the 
diameters are 10 and 8 inches. During the drilling water stood 
between 25 'and 30.feet below the sur ace until at a depth of 365 
feetl in the sandstones of the Mount Simon formation, it over­
flowed. 'The head is four feet above the surface and the pump-
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ing capacity -is more than 150 gallons per minute. In a 30 hours 
pumping test with this discharge the water level in the casing 
was lowered one foot: VlT rought iron 10 inch casing is inserted 
to the depth of 148 feet. The cost of th~ well was $924. The 
discharge is kept under strict control 'w-ithout sUJ;face wast~. 

Record of strata in New Albin City well no. 1 

DEPTH IN FEET 
Pleistocene and Recent: • 
Cambrian: 

Eau Claire---
Sandstone, light green· gray, argillaceous, calcareous, grains mostly 

microscopic, with some coarser rounded grains .... ______________________ 165 
Sandstone, buff, very fine, grains imperfectly rounded ______ . ____ .:_______ 185 
San_dstone, green-gray, glauconitic, argillaceous, grains minute, noncalcareous ____________________________________________ . _______ ____________ ________ ____ ,________ 220 

Shale, red, highly arenaceoiIs, quartz grains coarse and fine, in tough concreted masses ______________________________________ .____________________________ 27{) 

Shale, gray, calcareous, highly arenaceous, grains coarse and fine; 
in friable concreted masses _______ , ________ ___ . ___ . ____ . _________________ ,__ ______________ 302 

Sandstone, light green-gray, coarse and fine, larger grains rounded, argillaceous _____________________ _______________ : _______________________________ . __ .. ______________ 325 

Mount Simon: 
Sandstone, white, clean, rounded grains up to 1 mm. and 1.5 mm. 

diameter; 2 samples ..... __ ... _ ... __ ..... ____________ . _____________________ .________________ 365, 463 
Sandstone, light yellow-gray, grains rounded, coarse e,nd fine, at 

515 feet many about 2 mm. diameter and some more than 
3 mm.; 3 samples, 467lh, 515 and _____ . ________________________ .__________ __ 530 

Sandstone, red, coarse and fine grains of clear quartz with much 
red argillaceous material, noncalcareous ______ ___________ . ____ .______________ 575 

Sandstone, light .pink in mass, mixture of grains of clear quartz 
and minute chips of red sandstone ____ __ __________________ ______ ________________ 585 

N otes.-At New Albin the summit of the .J ordan sandstone has 
been placed by Calvin 59 at 966 feet above sea level. The 476 feet 
which intervene between this datum and the first argillaceous 
sandstone in the above section seems a fairly ample measure to 
include the Jordan, the Saint Lawrence and the Dresbach, whose . 
combined thickness at Lansing, McGregor and Dubuque is about 
500 feet. It is therefore assumed that the Dresbach sandstone 
has been cut out by the ancient channel of the' Mississippi, and 
that the first clayey sandstone struck belongs to the Eau Claire. 

From New Albin to McGregor the summit 'of the Jordan out­
crops falls 292 feet, and the summit of the Eau Claire in deep 
well sections falls at least 288 feet from New Albin to Prairie du 
Chien. Thus with some thickening of the Eau Claire beds, it is 
easily possible that the red argillaceous sandstone struak at 575 

69 Calvin, Iowa Geol. Survey, vol. IV, p. 55_ 
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feet at New Albin (80 feet above sea level) may be the same 'as a 
red sandstone 45 feet thick which was struck at 272 feet below 
sea level at Prairie du Chien.60 

Both the character of the material and the probable nearness 
of the Algonkian or Archean floor-crystalline rock was struck at 
108 feet below sea level at Lansing-suggest that the red sand­
stone at the bottom of the New Albin well may also be the equiva­
lent of the Red Clastic beds of Minnesota. The Mount Simon, 
however, also includes in Wisconsin pink and reddish beds . 

NEW LONDON, HENRY COUNTY 
~Altitude 765 f eet) 

• 

In 1916 a deep well was completed for the town of New'London 
. by William Jennings of Burlington . . The depth is 1485 teet and 
the diameters are from six to four inches. The principal supply 
was found at 1450 feet in the Prairie du Chien dolomites. No 
other water beds are reported. The static level is 140 feet below 
the surface. With the pumping cylinder at 250 feet the pumping 
capacity is now 40 g.p.m., a decrease of but 10 g.p.m. since the 
well was completed. The water is reported too hard for boiler 
use. Maximum consumption is stated to be 60,000 gallons per 
day. 

Reeo'ra of strata of well of town of New Lonaon, 1916 

, DEPTH IN FEET 

No samples, or record .................................................. , .................... _ ........ _........... 0-273 
Mississippian: 

Limestone, buff and light yellow, rapid effervescence in cold dilute 
HOI, in fine sand; quartz sand in ill·rounded grains; white chalce· ., 
donic silica .................................................. : ............................................... 273-286 

Sandstone, light blue·gray, calciferous, argillaceous,· grains microscopic, 
'angular; in rusted chips ............................................. _ ......................... ?85-295 

Limestone, brown and dark gray, rather slow effervescence; some whit· 
ish, soft, rapid; white chert and chalcedonic silica ............................ 294-302 

Sandstone, as at 285,; some chert .and chalcedonic silica;, 2 samples ...... 302-320 
Kinderhook (and Devonian shale at base ') (287 feet thick; top 448 

feet above sea level) : 
Shale, blue, calcareous ......................... : ....... _ ............................... :............... 3~~60 
Shale, brown, inflammable ................... _ ..................... : ............................ _. 46~70 
Shale, blue, calcareous ......................................................... : ..................... _. 470-6'07 

Devonian (153 feet thick; top 161 feet above sea level): 
Limestone, light blue·gray, highly argillaceous, rapid effervescence; 

some shale, chert and pyrite; 2 samples ....................... _ ..................... 607-632 
Limestone, yellow· gray and buff, effervescence rapid; shale and white 

chert ............................................................................................................ 632-646 
Limestone, blue· gray, earthy, fossiliferous, soft, some large chips ........ 646-651 
Limestone, yellow·gray, effervescence rapid, in fine chips ................. _ ..... 651-663 

60 GeoL of Wisconsin, voL IV, p. 61. 
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Limestone, bri:>w.n, effervescence rapid, earthy, in chips ......................... ~ 663-667 
Limestone, blue· gray, effervescence rapid; pyrite and 'a ' little chert ........ 667-670 
Limestone, blue'gray, argillaceous, fossiliferous ....... ~ .................................. 670-673 
Limestone, dark gray, earthy, in large fiakes, rapid effervescence ........ 673-685 
Limestone, blue'gray, rapid effervescence; in fine chips .......................... 685-695 
Limestone, yellow'gray, earthy, rapid effervescence, fossiliferous, in 

fiaky chips;· 4 samples ... , ............... _ ........ : ............................... _ ............... 695-720 
Limestone, yellow· gray, compact, effervescence rapid, fossiliferous, in 

fine chips .~ .......... : .............. _ ................... : ........ ~ .......................................... 720-730 
Limestone,.-whitish, rapid effervescence, in fiaky chips ............................... 732-740 
Limestone, blue·gray and yellow, compact, effervescence rather slow; 

chocolate brown limestone, effervescence rapid, infiaI)lID.ablEl; whit· 
ish limestone, rapid effervescence ............................................... _ ...... :. 74'0-744 

Limestone, yellow·gray, effervescence rapid, in sand; 2 samples ............ 744-'7.60 
Silurian (58 feet thi k; top 8 feet a~ove sea level) : 

Limestone, brown and buff, effervescenc~ rapid, in sand; gypsum in 
white soft masses and chips; 3 samples ................................. _ ........... 760-796 

Limestone, brown, effervescence rapid, some 'slow; white chips of 
crystalline quartz, . nongranular, a few cleavages noted (altered 
from anhydrite') ............................ : ... : .. : ....................... _ ......................... 796-806 

Limestone, blue· gray, effervescence rapid; ,some quartz; shale in powder 806-818 
Ordovician: 

Maquoketa shale (42 feet thick; top 50 feet helow sea level)-
Shale, blue, plastic, calcareous .............................................................. 818-830 
Shale, blue; limestone, blue, argillaceous; limestone, light gray .... 830-837 
Sandstone, light gray, fine ill·rounded grains, in fiaky cliips ............ 837-843 
Limestone, blue· gray, highly arenaceous, or sandstone, calcifer· 

ous, grains as above ... _ .................................. _............................... 843-850 
Sandstone, gray, calciferous, larger grains well rounded, up to 0.6 

. mm. diameter, in chips and sand .................................................... 850-852 
'Galena, Platteville, Glenwood (282 feet thick; top 84 feet below sea 

level)- . 
No sample ...... , ...................................................................... _................... 852-86Q 
Dolomite, blue·gray and light buff, cryptocrystalline, in sand ........ 860-870 
Dolomite, buff and light yellow· gray, in fine crystalline sand and 

fiour; some powder of limestone with rather rapid effervescence 
. from 1065 to 1082; 24 samples .............................. _ .................... 870-1100" 
Dolomite, brown and buff, in fine chips ................................................ 1100.:.1105 
Dolomite, buff, in fine sand; shale brown, infiammable; brown and 

gray chert ................. .' ............................. _ ......................................... 1105-1113 
Limestone, light buff, in fine sand, effervescence 'rather rapid; . 

2 samples ............................................. _ ...................... _ ..................... 1113-1134 
Saint Peter sandstone' (top 366·feet below sea level)-

Sandstone, white, grains well rounded, some secondary enlarge· 
ments, larger grains 0.5 mm. in diameter ..................... _ ............... 1134-1170 

Shale, green, unctuous, nonca!careous, pyritiferous ................... : ........ 1170-1180 
No samples ... _ .................................. _ ....................................................... 1180-1340 

Prairie du Chien: • 
Dolomite, gray, in sand; much quartz sand in sample and a little 

chert ....................................................................................... _ ........... 1340-1345 
Chert, white; dolomite, light yellow· gray ............................................ 1345-1360 
Dolomite, gray, in sand; much fine quartz sand ................................ 1360-1385 
Dolomite, light yellow·gray; chert ........................................................ 1385 
Doiomite, light buff, oolitic; quartz sand .......................................... 1390 
Dolomite,- light yellow· gray ; chert ........................................................ 1400 
Dolomite, light buff ............................................................................. ,.. 1418 

' Dolomite, gray, with minute cavities as from removal of oolitic 
grains; chert, oolitic ......................................... _............................. 1440 

Dolomite, gray, cherty at 1460 and 1482; 4 samples ........................ 145{}-1482 
Shndstone, clean, white, grains well rounded and frosted, many 

larger grains of 1 mm. diameter, some secondary enlarge-
ments .................................................................................................... 1485 
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N otes.-The thin bed of sandstone or calciferous limestone at 
the base of the Maquoketa may be compared with the layer of 
sandstone ip. the well of the Electric Company, Mount Pleasant 
(page 265) at about the same horizon, and representea only by , 
well rounded sand grains in a single sample. . Sand grains ' are 
also found in one of the samples representing the Maquoketa . 
from Hospital well no. 3 at Mount Pleasant. . . 

It is q~ite possible that the. sandstone at 1134 feet and the shale 
at 1170 feet may be the Glenwood, and that the Saint Peter lies 
within the reach unrepresented by samples from 1180 to 1.340. 
The,. sandstone encountered at the base of the well, 1485 feet, 
might easily be referred to the Jordan, but this would assIgn a 
considerable less thickness to the Prairie du Chien than it carries 
at Mount Pleasant, where it reaches 527 feet. 

Mineral Content of City W ell, N ew London* 

P .P.M. 
Bicarbonate ............................... , ..................... : ................... 261.1 
Chloride ... _ ....................•........ , .. : ........................................ 149. 
Sulphate ............ _ ................................... _.: ......................... 491.8 
Silica ..................... _ .......................... _............................... 6.6 
F e,O.+AI.O. ...................................................................... 17.0 
Calcium ................................................................. _........... 86.5 
Magnesium ........................... _ ................ _ ........................... 35.4 
Na + K as Na ......................................................... _ ... l!72.2 

Total solids ....................... _ .......... _ ............................. 1189.0 

NORTH ENGLISH, IOWA COUNTY 
(Altitude 784 f eet) 

A deep well was completed in 1921 for this city by Thorpe 
Brothers ' Well Company of Des Moines. The depth is 1678 feet 
and the diameters are from 13 to 6 inches. The chief supply 
was found at 1678 feet, and another water bed at 1300 feet. The 
water rises within 70 feet of the ·surface. With the pumping 
cylinder at 220 'feet the capacity of the well is 100 gallons per 
minute and continuous pumping has no effect on the height of 
the water. 

" Analysis by Dr. Harry F . Lewis, Chemical Laboratory, Cornell College, Mount Vernon, 1927. 
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Ch.emical Analysis qf Water* 

PARTS PER MILLION 

~~~~!~;'~i::::::::::=::::::::::::::::::::::::::::::::::::::::::: i:~~ 
Calcium, Ca .......................................................... . 269.20 
Magnesium, Mg .~. : ................... _......................... 107.80 
. Sodium, N a ........... ,.............................................. 33.90 

~O~a~~d:ie ~ ... :::::::::::::~:::::::::::::: ::::::::::::::::::::::: 1~~:~~ 
~~. :~~1~: :::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 1462 :~~5 
Chlorine, Cl ..... _................................................. 63.90 
Barium, Ba .......................................................... 3.44 

Total solids ............ , ....................................... . 2079:075 

. Before the well ~as drilled this office was consulted by the city 
officials and the advice was given to exhaust the possibilities of 
the drift and country rock above the ' Kinderhook shale before 
going deeper. It was stated that the Maquoketa shale would 
probably be found to lie from 800 to perhaps 950 feet from the 
surface and the" Saint Peter at about 1300 feet, while, lower water 
beds to 1900 or 1950 feet would give a larger supply. But as no 
log can be obtained of the well it is impossible to say' how accur­
ate these forecasts were. The water bed at 1300 feet may be the 
Saint Peter, which was predicted at this depth. 

OAKDALE, JOHNSON COUNTY 
(Altitude 805 f eet ) 

The well drilled for the State Sanatorium at Oakdale in 1919 
by the Thorpe Bros. Well Cqmpany of Des Moines has a depth 
of 1137 feet and diameters from 1~ ' to d inches. The principal 
supply was struck at 1097 feet at the bottom of the Saint Peter 
sandsto:ri.e. A small vei!l_ ~~s found at 750 feet at the summit of 
the Galena dolomite. The static level is 127 feet below the curb 
and is lowered" greatly" by continued pumping. An air com­
pressor is used. At the test it lifted 50 gallons per minute at 
the start and after five hours 40 gallons to the end of 24 ho~rs. 
The temperature. is reported as about 67" Fahr. The water is 
hard and needs softening for boilers. The well is cased with 12 
inch casing to 154 feet and with 6 inch casing from the top to 
785 feet. 

• By Dr. Nicholas Knight, Chemical laboratory of Cornell College. 
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RecQrd Qf strata, State SanatQrium well, 1919 

DEPTH IN FEET 

PleistQcene and Recent (165 feet thick; tQP 805 feet ab.Qve sea level) : 
Till, yellQw, predQminantly clayey, sandy, calcareQus, sQ~e pebbles ____ 85, 95 Till, drab ____________ ____________ __ _______________________________________________ , _________________________________ 105,125 

Clay; yellQw-drab, fine-grained, plastic, calcareQus, practically free . 
frQm grit; 3 samples ____ , ____________________________ ___ ___________ _______________ ____ ___ .-_________ 135-155 

Sand, grains varicQIQred, coarse and fine, irregular; SQme limestone, 
light gray, rapid effervescence in CQld dilute HCI, in sand ________________ 165 

DevQnian-: . 
LimestQne, blue-gray, SQft, earthy, rapid effervescence, encrinital, frag-

ments Qf shells Qf ribbed brachiQPQds, in J;laky chips _______________________ 175 
LimestQne, blue-gray, resPQnse rapid, earthy, Qf almQst lithQgraphic 

fineness, cQnchQidal fracture, fQssiliferQus _______________________________________ ___ 185 
LimestQne, whitish gray, argillaceQus, in meal and PQwder, rapid re-

sPQnse, SQme residue Qf fine quartz sand and cryptQcrystalline silica ; 3 samples _____ ________________________________________________________________________________ 195-215 

LimestQne, in fine ' sand and PQwder, light yellQw-gray, SQme mQttled 
blue, resPQnse rapid, pyritiferQus, a little quartz sand in drillings 225 

LimestQne, light yellQw-gray, fragments Qf fine ribbed brachiQPQds, earthy, rapid resPQnse _____________________________________________________________________________ 235 

. LimestQne, light brQwn, c;Ucilutite, cQnchQidal fracture, SQme gray flint; 
SQme minutely fragmental limestQne with small mass Qf whitish 
crystalline quartz; fQssil Qf yQung A trypa in gray-limestQne, and 
SQme blue-gray SQft ear,thy limestQne (frQm abQve ') ______________________ 245 

LimestQne, yellQw-gray, fine-grained, rapid resPQnse ___ , _________________________ :_ 255 
LimestQne, light yellQw-gray, argillaceQus, in PQwder and sand, at first 

rapid resPQnse, then slQw; SQme blue-gray, SQme buff, mQderately slQW resPQnse ______________________________________________________ :__________________ ___________________ 265 

LimestQne, blue-gray, and buff, argillaceQus, mQderately slQW resPQnse; light yellQw, rapid reSPQnse __________________ __ _______________________________________________ 275 

LimestQne as abQve, SQme chips Qf limestQne with thin laminre Qf dark 
brQwn sliale, resembling certain layers Qf the Otis limestQne at the 
Cedar Rapids quarries __ ______________ ____________ __ ____ _______ ________________________________ ____ 285, 295 

DQIQmite, 0.1' magnesian limestQne, light yellQw-gray, finely crystalline, 
in sand and flQur, resPQnse slQw; 3 samples _______________________________________ 305-325 

Shale, blue, calcareQus, in cQncreted masses and PQwder __________________________ 335 
DQIQmite. light yellQw-gray, SQme blue-gray; in sand with much blue 

argillaceQus PQwder _____________________________________ ......... ____ .. _ .... __ _____ __ _____________ 345 
DQIQmite, Qr magnesian limestQne, gray, mQderately slQW resPQnse, with 

blue argillaceQus PQwder ________________ ________ __________ _____________ ___ __ ______________________ 355 
No. samples __________________________ ____ __ _______________________________________________________________________ 355-650 

DevQnian and Niagaran (see recQrd Qf well nQ_ 2) : "Shale, green" ____ __ ____ ______ ____________ __ __ __________________________________________________ _______________ 355-395 

Niagaran: . 
"Lime" _______________________________________________________________________________________________________________ 395-570 

OrdQvician : 1 

MaquQketa (145 feet thick; tQP 235 feet abQve sea level)-"Shale, light blue" ___________________________________________________________________________________ 570--600 

DQIQmite, Qr magnesian limestQne, dark blue-gray, crystalline-gran-
ular, SQft, labelled ~ 'washed frQm blue shale" __________________________ - 650 

Galena-Platteville-
DQIQmite, buff, in fine sparkling sand; no. quartz, "AbQut 10 feet 

Qf sand at 750 feet, water raised to. 180 feet Qf tQP' I ____ __ ______ 750 
DQIQmite, brQwn, in sand and chips, rather slQw, SQme cryptQcrystal-

line silica, and a very little quartz sand _________ _______ ____________________ 760 
DQIQmite, gray, SQft, earthy, argillaceQus, fine \crystalline-granu-

lar, in chips, sample washed . _____ .. __________ ._ .. _______________ .. ___ . ___________ ._._ 780 
LimestQne, light yellQw-gray, rapid effervescence; with SQme dark· 

er, rather slQW __ . ___ . ____ ., _______________ . __________________ . ___ .. ______ . __ .. ____ .... ____ . __ . . ~20 
LimestQne, gray, SQft, earthy, effervescence rapid; lime§tQne, light 
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hrown, response rather slow; some chips sh:ow both colors, ef· 
fervescing rapidly on on.e side and rather slowly on the 
other ................................. _ ........................................................... 834, 842, ~50 

Dolomite, or magnesian limestone, light brown, compact, crystal· 
line, response rather slow; limestone, light gray, response 
rapid, in larger chips; 4 samples .............................. , .......... _ ....... 858-886 

Magnesian limestone, response moderately rapid, light brown, with 
oonsiderable chert; limestone, whitish, rapid response ............ . e96 

Limestone, light gray to buff; earthy, response rapid, cherty at 925, 
910, 954, 947, 989; large flakes of drab shale at 944 ,!-nd 964; 
7 samples ....................... _ .......................................... : ... _ ................. 910-989 

Shale, brown, infiarimiable; limestone, gray, rapid response .......... 994 
Limestone, gray, response rapid, in flakes'; flakes of green shil.le .... 1010, 1020 
Limestone, blue'gray, soft, earthy, fossiliferous ..... _......................... 1030 

Glenwood-
Shale, drab, inflammable; some light gray limestone ..................... . 
Shale, green, plastic, calcareous ........................................................... . 
Limestone, blue· gray, rapid response, some flakes of shale ............. . 

1040 
1048 
1050 

Saint Peter (51 feet thick; top 254 feet below sea level)­
Sandstone, gray in mass, of clean quartz grains rounded and 

frosted, up to 1 =. diameter; some shale ................................ 1059 
Sandstone, white, :fine; 4 samples ..•... : ... _ ................. _ ........................... 1070-1100 

Prairie du Chien-
Shakopee (penetrated 27 ' feet; top 305 feet below sea level)-

Dolomite, gray; quartz sand; 3 samples, bottom of wellll37 .... ll10-ll30 

Driller's Log 

DEPTH IN FEET 
Glacial drift .............................. 0-ll8 

DEPTH IN FEET 
Shale, light blue ...............•........ 570-600 

Sandstone .................................... ll8-132, Limestone ....................... _........... 600-695 
Broken shale and lime .............. 132-152 Shale .............................. ' .............. 695-715 
Shale and limestone .................. 152-162 Lime ..................................... _ ....... 715-1047 
Limestone .................................... 162-348 St. Peter' sandstone .................... 1047-1097 
Gleen shale ........... _................... 348-395 Lime to bottom ................ · .......... 1097-ll37 
Lime .............................................. 395-570 

WELL OF THE STATE SANATORIUM, OAKDALE, 1928 

This well was drilled 16 feet from the well of 1919 and the 
curbs are at practically the same elevation, 805 feet above sea 
level. The depth is 1754 feet and 10 inches. The diameters are 
from 15 to 10 inches. The main supply was found in and below 
the Jordan sandstone (driller's .log) . No repo.rt of water from 
higher horizons has been made. Under a sixty hour test the well 
maintained a discharge of 370 g.p.m. The static level is 117 
feet (688 feet above sea level), ·with a .draw down to 126 feet. 
The well 'is cased with 164 feet of 20 inch pipe to 164 feet, 350 
feet or 16 inch pipe from the surface into the Niagaran lime­
stone, 223 feet of 12 inch pipe from 325 feet to 548 feet and 591 
feet of 10 inch pipe from 548 feet to 1140 feet, footing in the 
Shakopee; thus cutting out all water above that formation .. 

The static IFill, 688 feet, of J orda'n water may be compared 
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with that of the Saint Peter water in 1919 in the well 'of Oakdale 
sunk that year, which then stood at 678 feet. It may also be com­
pared with the original head of the lower water beds at Cedar 
Rapids, which in 1888 stood at 761 feet above sea level, and with 
static level of the West Liberty wells, which in 1888 was 705 feet 
above sea level, from the Jordan water beds, and the head three 
years later of the well at Wilton, 684 feet, from the Saint Peter. 

The Oakdale well was drilled by Thorpe Bros. Well Co. of 
D~s Moines. 

Chemical analysis of water of Oakdale Sanato~ well, 19188* 

PARTS PER MILLION GRAINS PER GALLON 

Sodium .......... ,......................................... 155.4 
Magnesium .............................................. 49.0 
Calcium .................................................... 113.8 
Iron ................................... :...................... 0.1 
Ammonia ................................................ 0.2 
Carbonate (CO.) .................................. 0.0 
Bicarbonate (HCO.) ................... _....... 266.0 
Sulphate (SO.) ..... _............................... 498.0 
Chlorine (01) ............. _ ................ _....... 42.0 
Nitrate (NO.) ................................... _... 0.1 
Silica' (SiO,) ............ _............................ 14.9 

HYPOTHETICAL COMBINATIONS 

Sodium nitrate ....................................... . 
Sodium chloride ........................ _ ......... . 
Sodium sulphate ....... _ ..... : .................. . 
A=onium sulphate ................... _ ...... . 
Magnesium sulphate ........................... . 
Calcium sulphate ................................... . 
Calcium bicarbonate ........................... . 
Ferrous bicarbonate ........................... . 
Silica ....................................................... . 

Total ........... _ .................................. . 

0.138 
69.287 

395.523 
0.732 

242.591 
51.667 

246.195 
0.031 

14.9 

1021.164 

"Record of strata, State Sanatorilwm well, 19188 

0.008 
4.05 

23.13 
0.04 

14.18 
3.02 

14.39 
0.002 

.87 

59.69 

DEPTH IN FEET 

Pleistocene and Recent (164 feet thick; top 805 feet above sea level) : 
Sample no. 1 yellow till 
Sample no. 2 blue till 
Sample no. 3 sand, fine, dark 'gray, mostly of clear quartz, but many 

of dark minerals, a few greenish and pink, and of lime· , 
stone, grains irregular 

. Sample no. 4 ~and, coarse, and gravel up to 1 cm. diameter, blackish 
. diorite, etc., common. • 

Devonian, Cedar Valley (84 feet thick; top 641 feet above sea level) : 
. Limestone, yellow·gray, fossiliferous, encrinital, earthy, rapid effer· 

vescence in cold ' dilute hydrochoric acid, in large flaky chips, same . I 
as sample no. 5 ......................... ~ .................. ~ .................................. _ ......... 164-175 

* Done under supervision of Prof. Jack J. Hinman, Laboratories of State Board of Health. 
Iowa City. 
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LimElstone, blue-gray, speckled dark, fossiliferous) ,encrinital, effer-
vescence rapid; I!odule of blue chert with whit~ rim, large chips____ 181 

Lime~tone, gray and brown, in small chips, limestone gray with dark 
crusts, fossiliferous, encrinital, rapid reaction in.large chips __________ 181-190 ' 

Shale, blue-gray, calcareous, response rapid, laminated, pyritic, in large 
. flakes ________ . _________________ .. ___ __ ______ ... _ .. __ ._._. _____ .: ___ .. , .. _ ... : __ .. : .. : ........ ____ . ___ .. _. __ :. __ _ . 19~200 
No sample, "light blue shale" of log _. __ ._ ... _ ... _ .... , ___ •. __ ... ___ .. ____ . _____ ... ___ . ___ .. 200-210 
Limestone, light gray, some speckled, fossiliferous, crushes to powder 

similar to cuttings at 215 feet in well of '19 __ .: .. ____ . __ ..... ____ ._. ___ : ....... _, 210-220 
Limestone, buff-gray, crystalli)le-earthy, rapid reac~ion, speckled in 

sand, some chips fossiliferous ___ . ____ . ______ _______ ___ ._ .. _.~_ .. __ ... ___ ._ ...... _____ ._._ .. _ 220-230 . 
Limestone, gray, earthy, rapid effervescence, soft, sample taken , at, . 

240 feet .... _._. __ .. _ .. _ .. _ .. ____ ... ___ ........ ____ .. ___ ... ____ .. _. ___ ._. ___ __ .. __ ... __ . ____ .. ___ .... ___ . ___ 230-240 
Limestone, buff-gray, earthy, argillaceous, effervescence rapid, speckled, . . 

. highly fossiliferous ____ ._ .. _._ .. ___ .. ____ .. ____ .. ____ .. ____ .. ____ .. .. _. __ _ ... ______ . __ __ ... ___ ... _ ... 242-244 
Devonian, Wapsipinicon (100 feet thick; top 557 feet above sea level) : 

Limestone, dark gray, crystalline-earthy, texture of Upper Davenport 
beds, rapid response; fossiliferous, some chips a fine coquina ____ . ___ .. 248--260 

Limestone, light yellow-gray, calcilutite, conchoidal fracture, rapid 
reaction; some dark gray, macrocrystalline-earthy, and fine crystal: 
line mottled, pyritic; 2 samples ._. _______ .. ____ .. ___ ..... _ ... __ __ .... __ .. ____ . ___ ... ___ .. __ 260-275 

Limestone, magnesian, or dolomite, dark gray, fine, crystalline, in clean 
small chips; limestone, fine crystalline-earthy, light gray, rather 
rapid effervescence ________________ .. __ .. __ ._._ .. __ __ ... ____ .. _____ . ____ ... ___ .. __ . __ . _____ .. ___ . __ .. ___ . 275-285 

Limestone, magnesian, or dolomite, light cream yellow, fine crystalline­
granular, in minute chips with highly argillaceous powder of same, 
effervescence at first rapid, then slow. "White mud" of log ____ ._ 285-290 

Limestone, light cream-yellow, very fine grain, disintegrating under 
weak acid under rather slow effervescence into large whitish argil-
laceous residue; some of same color,rapid reaction . __ .... __ _ .. ____ .. ___ .... _ 290-298 

Sha~e" light blue-gray, plastic, in ' concreted masses, with a little argil-
laceous. limestone; gray limestone rapid in reaction ___ ._._. __ . ___ ... __ __ ._. 300-305 

Limestone, light gray, moderately slow, response markedly less slow 
than LeClaire, in small cHips; limestone, light yellow-gray of rapid 

. response; limestone, larger chips, blue-gray, mottled, crystalline, 
rapid reaction ___ . __ ____ .. _ .. _ ..... __ . ______ .. __ .. ___ ... __ _ ... ____ .. ____ .... ____ .. ____ .. ____ ... __ ... ___ .__ 305-308 

Limestone, magnesian, or dolomite, dark gray, reaction lesS slo.w than 
LeClaire, fine crystalline, some saccharoidal, moderately large 
argillaceous residue slightly quartzose ____ .. ____ .. _ .. _ .. ____ ... __ ... ____ .. ___ , .. _____ ... 308-315 

Limestone, magnesian, or dolomite, blue-gray, moderately slow efferve-
scence, some rapid; some yellowish flint ___ .. __ ... __ .. __ ... ____ . ____ .... _ ... _. __ ...... 315-325 ,. 

Dolomite, gray, cryptocrystalline, nonargillaceous, effervescence slow 
as LeClaire, very 'slight quartzose residue . __ .. _. __ ._._. __ ... __ . __ .. __ ... __ ... _. ___ .. _ 325-328 

Shale, light greenish gray, in friable masses, calcareous, somewhat 
arenaceous with fine grains of clear quartz, many of which are 
well rounded; (cuttings from below show a light green-gray unc­
tuous noncalcareous shale, arenaceous, apparently caved from this 
horizon); white chert pyritic; much gray dolomite ___ ._., ______ . __ . _______ ._ 330-348 

Silurian: 
Niagaran (162 feet thick; top 457 feet above sea level)-

Dolomite, light gray. and blue-gray; 4 samples ___ .. _____ . ____ .... ___ . __ ___ . __ 348-380 
Dolomite, drab, higlily argillaceous ___ ... _. __ ... __ ... ____ ... ___ ... ______ .. _ .. ___ .: ____ ._ .. _ 380-390 
Dolomite, light yellow-gray _ ..... ______ .... __ ! __ ........ __ __ _ . : ___ .. ___ : _ ..... __ __ ... __ .. _.___ 385-398 
Shale, whitish, calcareous, microscopically quartzose _____ . ____ .. ____ ._ .... -- 398--404 
Dolomite, light yellow-gray .... __ .. , .. __ .... __ ...... _ .. _______ .... _____ .. __ .... ___ .. __ .. ______ 404--415 
Dolomite, whitish, much powder ____ .... ____ .. ____ .. ____ .. ___ .......... __ .. _ ........ _ .. , .... 415--425 
Dolomite, light blue-gray in mass; 7 salTIples __ .. ____ .. _ .. __ .. _____ : ___ __ .... _ .. _ 425-500 
No cuttings __________ ____ .. __ __ . ___ ... __ __ .,_ .. ____ , ______ .. _ .. : ....... _ .... , ____ . ____ .. _ .. __ :_ .. _________ . 500-510 

Ordovician: 
Maquoketa (190 feet thick; top 295 feet above, sea level)-

Shale, light blue-gray, plastic; 2 samples ___ .. ________ .. _ .. _____ , __ , __ .. _ ...... ______ 510-545 

- .., 
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Dolomite, crystalline, dark blue-gray; 2 samples ___________ :: __ __ __ ___ __ _ : __ __ 546":570 
Shale, light blue-gray __ ________ __ ____ ___ ___ , _____ __ __ ________ __ __ _______________ ___________ __ ___ __ _ 570-575 
Dolomite, drab _______________________________ __ ___________________ ______ __ : __ , _____ , ______ __________ ____ 575-585 

Dolomite, blue-gray, earthy, cherty, argillaceous; 3 samples ____________ 585-615 
Dolomite, buff-gray, earthy, in 'flaky chips ___ _______________ ______________ ________ 615-620 
No sample, "sandy gray shale" <if log ______ ___________ __ ___ __ _ : _________ _________ __ 620-628 
Shale, light blue-gray, not arenaceous, but microscopic grains of 

-cryptoc~ystalline quartz in residue _______ __ ___ _____________ ,___ _________ __________ 628-638 
Dolomite, gray, earthy ___________________ ___ __ ____ ____________ __ _____________ __ ___ ____ _________ ___ 638-645 
No sample, '~dark shale" of log __________ _______ __ ____________ _______________________ , 645-652 
Shale, light blue-gray; 2 samples ______________ ___________ ______ -----------------------_____ 652- 668 
Shale, drab _____ , ________ __ __ __ _____ _____ ___ __ ___ ________ ___ ___ ________ __ _____ _____ ____________________ ____ 680-700 

_ Galena-Pla~teville ~ 350 feet thick_; top 105 feet above sea level)-
DolomIte, buff, hard, crystallme; 2 samples __ __ __ __ ____ _______________________ __ ___ 700-725 
Dolomite, as above, with rare flakes, slightly inflammable ______ ___ ___ __ 725-730 
No samples, "hard lime" of log ______________________ : _______ __ _________ ___________ : _____ 730-740 
Shale, light blue-gray, calcareous, plastic _____ ____ __ __ __ _________________________ ____ 740-755 
'Dolomite, light 'buff, rough, vesicular,' in rather large ,chips, clean ; 

3 samples __ _____ __ __ ___ _________________________ ______________ __ __ ______________ ______ ________ _____ ' 755-775 

Limestone, light yellow-gray and buff, crystalline-earthy, in flakes 
and powder, rapid effervescence; 5 samples ________ __ __ ___________ __ ___ __ 775-835 

Dolomite, gray-buff, crystalline, in small chips ____________ ____ __ ____ ____________ 835-870 
Limestone, light yellow-gray, reaction moderately rapid; very 

light gray, rapid; a little buff dolomite __ __ : ____ ___ ________ __ __ ___________ __ _ 870-890 
Limestone, Ught yellow-gray, rapid effervescence ____ .~ _____________________ 890-902 
Limestone, light buff-gray, rapia response ___ __________ ___ __ ________ ___ ___ _____ __ _ 902-908 
No samples,' as' below, according to log __ • __________ ___________ : __ _____________ __ __ ____ 908-918 
Limestone, buff-gray, response ' moderately rapid and rapid, no quartz sand _____ __________________ ______ ______ _________________________________ __ ________ ___ ___ ____ -918-930 

Limestone, magnesian, or d.olomite, with nonmagnesian limestones, 
in sand, cherty at 940-950; 4 samples _____ __ __ __ , ______ ____________ _____ ___ __ 930-970 

Limestone, whitish, soft, rapid effervesce,nce ______ ___ ______ ____ ___ __ ______________ 970-980 
Limestone, light yellow gray, rapid response, in sand and powder; 4 samples _____ ___________ ____________ ______ ______ _______________________ ___ __ ___ ___ ________________ __ 980-1020 

'Limestone, brownish, reaction rapid, inflammable, some chips high-ly infla=able ___________ __ __ ________________ ___ ________ ___ __ ________ _________ ____________ ~ _____ 1020-1038 
Shale, green -gray, calcareous __ __________ _____________________ ___ __ ~ _____________ ___________ 1 038-1 040 
Limestone, very light yellow-gray, much powder __ ___ _____ _________ : _____ ~ ______ 1040-1050 

Glenwood (20 feet thick; top 245 feet below sea level)- , , ' , 
Shale, green, calcareous, pyritic ____ ______ ____________ ___ __ ____________________ _____ _______ :1050-1058 
Limestone, light gray and mottled darker, rapid 'effervescence ___ ___ ::1058-1060 
Shale, green, plastic; some chocolate brown, inflamma1:)le ______ ____ ;-___ 1060-1070 

Saint Peter (32 feet thick: top 265 feet below sea level)- • 
Sandstone. rusted buff, Saint Peter facies, larger grains about 'I 

mm. diameter: some flakes of hare', green noncalcareous shale 
(from above') no flint or chert ------ _____________ : ___________________ __ ________ : __ 1070-1080 

Sandstone, light yellow in mass, finer than above, ip.dividual grains 
mostly clear u,ncolored quartz ______ __ ________________________________________________ 1080-1100 

Sandstone, white. medium to fine ______________________________________ -'_: __ • ___________ __ 1100-1102 ' 
Prairie du Chien (428 feet thick; top 2~7 feet below sea level)-

Shakopee dolomite (168 feet thick)- ' 
Dolomite, gray_ yp,llow-grav and whitish, cherty 1140-1180, 

and at 1260; 19 samples __ __ ________ ____ ___ _________________ __ ______ ___ _____ , ___ 1102- 1270 
New Richmond sandstone( 20 feet thick)- : 

Sandstone, light gray, fine to medium. l,nger well rounded, sec-
ondary enlargements co=on, highly dolomitic, in chips ' 
and detached grains _______________ • __ , __ ,_,, ___ ___ -'_. __ : ______________ __ , _____________ 1270-1280 

Sandstone, well rounded grains of clear Quartz; dolomite, light, , ', 
yellow-gray; in chips, 'no imbedded gtains not ed ___________ ___ __ 1280-1290 

,Oneota dolomite (240 fee,t thick) - ; : ' 
Dolomite, light yellow-gray, some quartz sand in cuttings; 2 samples _________________________ ____________ __ __ ___ ______________ ____________ ________ ______ 1290-1310 
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Dolomite, whitish, a little quartz sand in detached grains; 
2 samples .................................................................................. 1310-1330 

Dolomite, very" light gray; 2 samples , .......................................... 1330-1350 
Dolomite, light gray and yellow·gray, cherty at 1350, 1380, 

1410, 1430·1450, highly cherty at 1390, 1450-1470; 15 
samples ............................................... _._ .................................... 1350-1510 

Dolomite, purplish, large chips show cavities lined with pearl 
spar and pyrite, vesicular; imbedded chert .......................... 1510-1520 

Dolomite, light buff; white chert, some with imbedded grains 
of quartz sand, some highly pyritic; fine to medium, well 
rounded grains of quartz sand .............................................. 1520-1530 

0ambrian~ 
JOl'dan .(30 feet thick; top 715' feet below sea 1evel)-

Sandstone, yellow·gray in mass, fine, many secondary enlargements, 
dolomitic cement and dolomite with imbedded grains; some 
white chert ......................................................... _ ............................. 1530-1540 

Sandstone, white, grains up to 0,7 =, diameter, larger ' grains 
, well rounded; secondary enlargements ........................................ :).540-1550 

Sandstone, white, well rounded, frosted grains up to 1 =,; some 
fine pink sandstone with dolomitic matrix in chips .................. 1550-1560 

Saint Lawrence--
Trempealeau dolomite of the Saint Lawrence (187 feet thick; top 

755 feet below sea level)-' 
Dolomite, light yellowish and light gray, highly arenaceous 

with 'fine fairly well rounded grains of quartz sand, in 
chips 'showing imbedded grains closely spaced; some 
pyritic; 13 samples : ................................... : .... _ ...... ~ ................ 1560-1690 

Dolomite, gray, slight microscopic residue quartzose and argil· 
laceous; 4 samples .................................................................. 1690-1730 

Dolomite, very light gray, residue argillaceous and of minute 
grains of clear quartz ......................... _ ................................. 1730-1747 

Franconia beds of the Saint Lawrence (penetrated 8 feet; top 
942 feet below sea level)-
Dolomite, pink; large argillaceous residue, with minute quartz 

grains ................. _ .......................... , ............................................ 1747-1752 
"Shale, red" ............................................................... _ ....................... 1752-1755 

. N otes.-The logs of the two Sanatorium deep wells are not in 
agreement as to the depth to rock. In that of the well of 1919, 
14 feet of "sandstone" rests on "broken shale and, lime" at 132 
feet. In that of the well of 1928 42 feet of "quicksand" rests on 
'~lime" at 164 feet. Such rapid changes in level in the preglacial 
rock surface are not unknown in this area, but in this case the 
log of well 1919 seems to be in error, as it is not supported by' 
the cuttings, which from 135 to 155 feet are of yellowish sedi­
mentary clay, entirely free of limestone and palpable grit. The 
log also gives. "sandstone" from 118 to 132 feet, while cuttings 
from 125 feet are glacial till. 

The log of well 1928 agrees here with the cuttings of well 1919, 
if we interpret the "blue mud" from 60 to 122 feet as blue till. 
The cuttings of the last well show a succession downward of I 

yellow till, blue till, and sand, fine and coarse, but the depth of 
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these cuttings is not giv(,jn. The first recorded depth is that of 
limestone at 164 feet and with this the log specifically agrees, and 
this is therefore taken as the thickness of the Pleistocene at 
Oakdale. 

The clay of the cu~tings of the well of 1919 from 135 to 155 feet 
is not represented in the well of 1928 in either cuttings or log. 

In int~rpreting the Devonian portion of this geological sec­
tion, it will be remembered-that in outcrops in, Johnson and 
neighboring counties to the north and east the Cedar Valley 
limestones rest on an assemblage of beds, the Wapsipinicon, 
which where fully developed consists of the following members :61 

5 Upper Davenport limestone 
4 Lower Davenport lilllestone 
3 Kenwood, or Independence, shales 
2 Otis limestone 
1 Bertram beds ' 

Number 1, found only in eastern Linn county; and the lower 
part of no. 2 are dolomitized. Number 2 and no. 4 are ,litholog­
ically characterized by beds of calcilutite of lithographic fine­
ness, while no. 2 embraces also a wide variety of other types of 
limestone~ Number 2 is in places fossiliferous and no. 5 is uni­
versally highly fossiliferous. No fossils are to be ecx:pected in 
nos. 1 and 4. Number 3 is unfossiliferous, except in two or three 
o,utcrops of uncertain stratigraphic relations. 

As the Wapsipinicon, we may assume, was laid on a subsiding 
erosion surface, we may expect to find the full succession of its 
beds only on the lower levels of that surface. The dolo~itiza­
tion of the strata also may be variable in vertical extent. ' In the 
cuttings of deep wells a difficulty is encountered in distinguishi:t?K 
the dolomitized beds of the Wapsipinicon from the Silurian dolo-
mites which they overlie. " 

Interpreting the cuttings of the two Sanatorium wells at Oak-, 
dale and that of the University well at Iowa City in accordance 
with the sequence of Devonian strata in the nearby' outcrops" we , 
assign to the Cedar Valley limestone the beds above 235 feet in 
the Oakdale well of 1919, above ,248 feet in the Oakdale well .of 
1928 and above 65 feet in the University well, . 

At this point a thin bed of highly fossiliferous lime'stone, with 

81 Norton, Wapsipinicon Breocias of Iowa : Iowa Geol. Survey. vol. XXVII, pp, 370-433, 
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the facies of the ,Upper Davenport lime~tone in the Oakdale well 
, of 1928, overlies, in all three wells a bed of yellowish .calcilutite 
of conchoidal fracture. The fossiliferous bed can not be lower 
than the Upper Davenport,-while th~ calcilutite can not be higher' 
than the Lower Davenport, and to these formations they arere­
felTed with some confidence. The underlying Kenwood is repre­
sented pretty clearly by first a light yellowish- argillaceous lime­
stone or calcareous shale, powdered, by the drill, at 265 feet in 
the Oakdale well of 1919, at 285 feet in the Oakdale well of 1928, 
and at 110 fe'et in the well of the University. In one respect 
these cuttings differ from the typical Kenwood shale; ' t1).ey are 
dolomitized, as shown by a slow effervescence in cold dilute,HCI, 
after a first rapid effervescence due to intermingling with the 
cuttings of powdered limestone f:rom above. In their magnesian 
content 'these light yellowish argillaceous beds are like the lower 
dolomitized beds of the Otis. 

In each of the three wells these argillaceous beds, crushing to 
powder under the drill, are underlain by beds represented by 
chip cuttings of argillaceous limestones, mostly magnesian or 
dolomitic. Some of these are peculiar in texture and as at 285 
and 295 feet in Oakdale well of 1919, can be exactly matched at -
outcrops of the Otis, as at Cedar Rapids. In the University well, 
arso, chips from 120 to 130 feet might have been taken from out­
crops of the Otis in Cedar county. 

These limestones rest in all the three well sections on green 
shale (Oakdale 1919~ at 335 feet; Oakdale 1928, at 330 feet; Uni­
versity, at 201 feet) . 

The concreted masses of the' shale are calcareous, but bits of 
green shale found in cuttings a few feet below apparently caved 
from this bed, are unctuous and noncalcareous. The shale also 
is sparingly arenaceous with fine rounded grains of clear quartz. 
It rests on the Niagaran dolomite. ' 

Several placings of this shale are possible. With the shales 
above it and included argillaceous limestones it may be referred 
to the chief shale horizon of the vVapsipinicon, the Kenwood. 
Moreover, in places the Kenwood is finely arenaceous, ljke this 
shale, and with rounded grains. ' 

Again, recalling the ~act that the Otis dev~lops in some of its 
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outcrops shaly partings, it is possible that here it has developed 
a bed of shale of considerable thickness. And since the strati­
graphic 'place of the fossiliferous Independence shale is uncer- , 
tain, its outcrops without discernible floor or cover in the midst 
of deformed Dev0nian strata permitting the theory of upthrust 
from below; or that of valley fill, the shale in question may be 
regarded as a ·possible Independence shale from below the hor­
izon of the Otis. However, no basal shales occur where the Wap­
sipinicon is most fully developed, and the Siluro-Devonian con:­
tacts in Iowa show Otis limestones or dolomites in contact with 
the Niagaran . 
. It may also be suggested that the shale in question is a cavern 
fill in the Niagaran, such as are found at a number of points over 
the outcrop both of the Hopkinton and Gower limestones of that 
terrane. In favor of this reference is the three foot layer of 
dolomite, indistinguishable from the LeClaire phase of the Gow­
eF, which overlies' the shale in the Oakdale well of 1928. The 
clays of cavern fills in the Niagaran are commonly. whitish, and 
while quartzose, the quartz, at least in clay pockets at Mount 
Vernon and at Clinton, is in highly irregular particles and in a 
deposit near Miles according to Galpin,62 in quartz fragments 
and crystals. Moreover, the occurrence of the shale both at Iowa 
City and at Oakdale makes in favor of a somewhat widespread , 
deposit and against a local cavern fill.. The heavy cover of De­
vonian limestones does not favor a Niagaran pocket fill in-post­
Devonian time, but does not preclude a fill before or at the be­
ginning here of Devonian sedimentation. 

On the whole, the writer is rather inclined to draw the Ken­
wood, or Independence, shale to include all ' the shales' with the 
interbedded limestones, from 285 feet in the last Oakdale well 
down to the Niagaran liplestone at 348 feet, and to assume that 
here the Otis limestones were not laid. 

In the section at the Oakdale well of 1928 the thickness as­
signed to the Niagaran, 162 feet, shows a notable thinning to the 
south from Cedar Rapids, where it is about twice as thick. The 
Niagaran continues 'to thin farther southward, as at Washing~ 
ton it measures but 29 feet. 

62 Galpin, S. L ., Refractory S}lales of Iowa : Iowa Geol. Survey, vol. XXXI, pp. 59-61. 
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The Maquoketa continues here in full force from its outcrops. 
and well sections to the north and east. It includes considerable 

. impure drab and blue-gray earthy dolomite, chiefly in a median 
body about 50 feet thick. It is probable that these washed sam- . 
pIes of dolomitic chips represent considerable interbedded shale .. 

The light blue plastic shale at 740 feet has quite the facies of 
the Maquoketa . . It is included here with the Galena, since the 35· 
feet of dolomite which.overlies it is typically Galena, and at Iowa 
City the shale at this level has thinned to but 5 feet according to 
the driller's log. 

The Galena-Platteville ranges as usual from a rough vesicular 
dolomite to light gray earthy limestones . . Near the base occurs. 
a bed o~ brownish inflammable lime'stone, taking the place of the 
brown bitumi:p.ous shale characteristic of this .horizon. In the 
cuttings of the Glenwood green shale are also found flakes of 
brown, inflammable shale which may come from the upper hor- , 
izon, although not found in the bailing taken to' represent it. 

The Saint Peter presents no abnormal lithologic ' feature. 
Rather strangely the elevation of the top differs by about 20 feet 
in the two Oakdale· wells. If the shale of the University well 
struck at 156 feet below sea level is the Glenwood, the Saint Peter 
probably lies about 100. feet higher at Iowa City than at Oak­
dale, and we have another illustration of the wide margin of 
error to be reckoned 'with in forecasting for any locality the 
depth to this rather irregular formation.* Y€t the tops of the 
formations above the Glenwood shale are about QIl the level at 
the two stations, as might be expected from their strike. The ' 
top of the Saint Peter is abnormally high compared with ' Cedar 
Rapids and West Liberty. . 

OAKDALE 192.8 WELL IOWA CITY CEDAR RAPIDS Y .M.C.A. 
ELEVATION IN FEET ABOVE SEA LEVEL 

Top of Niagaran ._ ... __________ . 457 467 638 
Top of Maquoketa r.,. _____ .... __ 295 312 2.89 
Top of Galena-Platteville ___ _ 105 119 13 
Top of Glenwood ___ , ___________ _ 
Top of St. P eter _____________ . __ 

-245 -156 (f) 
-265 -292 

In the Prairie du Chien the ' New Richmond horizon is well 

* A note from the drillers stating that the drill "started to penetrate sandstone at 840 feet" 
confirms the inference ' as to th~ Glenwood shale. . . 
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marked. The Jordan sandstone is perhaps. more closely defined 
by the log than by the sample cuttings. 

The Trempealeau dolomite is in great force and may be com­
pared With the sub-Jordan dolomites 230 feet thick in the Grin­
nell section, 110 feet of which is assigned to the Trempealeau, 
while the remainder is placed with the ]'ranconia because of the 
presence of glauconite. 

Driller's log, State SOJnatoriwm, Oakdale, 19t8 

DEPTH IN FEET DEPTH IN FEET 

Surface soil and clay' ........... :...... 0-60 Hard lime .................................. 670-675 
Mud, blue .................................... 60-122 
Quicksand .... ~ ............ : .................. 122-136 
Quicksand .................................... 136-164 
Lime ................. _ ........................... 164;;-178 

Dark shale .................................. 675-705 
Hard lime .................................... 705-740 
Dark shale ... : ................................ 740-755 

- Gray lime ...................................... 755~815 
Blue shale .................................. 178-181 White lime ......................... _ ....... 815-820 
Lime, white ................................ 181-190 Flinty lime .................................. 820-835 
Broken lime ........... _ .......... _ ....... 190-197 Hard brown lime ......................... 835-870 
Light blue shale, caves .............. 197-200 . 
Light lime .................................. 200-219 
Shale ....... ~ ........................... _ ....... 219-222 

Gray lime ..... : ......... ~ ... :.: .............. 870-890 
Hard gray lime ........................ 890-902 
Hard brown lime ........................ 902-908 

Broken lime ................................ 222-242 
Shale, caves ................................ 242-248 
Gray lime ..................................... 248-285 

Very hard gray sandy lime ...... 908-930 
Lime rock .................................... 930-950 
Lime rock, very' hard ................ 950-970 

White mud ........................ .,.1. •••••• 285-290 Lime rock ' .................................... 970-980 
Broken lime ....................... : ........ 290-298 Lime rock, hard ..... _ ................... 980-1000 
Light shale ................... : .............. 298-305 
Limerock ..... _ ............................... 305-308 

Shale and rock .......................... 1000-1010 
Shale ............ : ............................... 1010-1020 

Flinty sandstone ........................ 308-330 Lime rock .................................... 1020-1030 
Green mud .................................... 330-348 Shale and rock ........... _ ............. 1030-1040 
Sandy lime .................................. 348-358 
Limerock _ .................................... 358-360 

Lime rock .................................. 1040-1050 
Shale ............................................ 1050-1058 

Broken lime ................................ 360-375 Lime rock .................................... 1058-1060 
Sandy lime .................................. 375-385 Brown shale ................................ 1060-1070 
White mud .................................. 385-389 Saint Peter sandstone .............. 1070-1102 
Hard lime ........... _....................... 389-398 Blue lime ...................................... 1102-1112 
White slate .................................. 398-4M 
Lime .............................................. 404-415 
Hard lime ......................... _ ......... 416-425 
White muddy shale .................... 425-430 
Lime .............................................. 430-475 

Blue lime, very hard ........... _ ..... 1113-1117 
Gray lime, very hard ................ 1117-1128 
Gray lime, not so hard ............ 1128-1140 
Gray lime. hard ........... _ ............. 1140-1150 
Hard sandy lime ........................ 1150-1180 

Hard lime ........... _ .......... _ ........ _. 475-485 Gray lime .................................... 1180-1200 
Lime .............................................. 485-500. 
Hard lime .................................... 500-510 
Shale ..... _ ..................................... 510-545 

Gray lime,. very hard .................. 1200-1250 
Gray sandy lime ................... , .... 1250-1275 
Gray lime ......... _ .... _ ...... __ ........ _.1275-1300 

Lime .............................................. 545-550 Gray sandy lime ............. _ ......... 1300-1340 
Sandy shale ........................ : ....... 550-570 
Blue mud ................. _ ................... 570-575 

Gray lime, not so hard .............. 1340-1360 
Sandy lime .................................. 1360-1375 

Lime .............................................. 575-585 
White shale ................................ 585-600 

Hard gray lime ........................... 1375-1400 
Hard brown lime ...................... 1400-1430 

Sandy shale ..... _........................... 600-608 
Lime .............................................. 608-615 
Shaly lime .................................... 615-620 
Sandy gray shale ...................... 620-638 
Lime .............................................. 638-645 
Dark shale ..............•......... , ......... 645~670 

Gray lime, very hard ................ 1430-1460 
Gray sandy lime, hard .............. 1460-1475 
Gray sandy lime, very. hard ...... 1475-1512 
Broken lime ... : ............................ 1512-1534 
'Sandstone (some water), Jor· 

dan ..................................•..... 1534-1550 
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Limestone ______ , _____ ~ __________________ ,----1550-1555 
Broken limestone, cavy (some 

water) __________________________________ 1555-1565 

Lime and sandrock, ,very hard __ 1680':'1700 
Lim~, ,with crevices, v~ry hard . 

(some water) ________________ . ___ ._1700-1747 
Sandy limestone _____________ , ___________ 1565-1580 Pink limestone ___________________________ :1747-1752 
Sandy limestone, very hard ______ 1580_1670 Red shale ________________________ 1752-1754 10 in_ 
Sandstone (some water) ____________ 1670_1680 

Mineral Content of Sanatoriwm' well, Oakdale, * 19Z8 

P.P.M. 
Bicarbonate _____________________________________________________ ._. _____ . _________ 312.3 
Chloride ___________________________________ _______ . ________ .________________________ 26. 
Sulphate __________ : _______________________________ ______________ __________________ 25~.8 

Silica ______________________ . ______________________________ ~ ________ . ________________ . 15.8 

6:J~~t~~~~ __ ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::. 9~:~ 
Magnesium __ . ___ . ______ .. __ ._. _______ . ____________ . ______ .. ____ . _______ ... __ .____ 39.1 . 
Na + K as Na _________________________________________________________________ . 72.8 

Total solids ________ : ___________________________________ . _________ . ______ . ______ 672.9 

OAKLAND, POTTAWA.TTAMIE COUNTY 
(Altitude 110Z feet) 

, 

The city well, drilled by the Thorpe Brothers Well Company 
of Des Moines, is 1936 feet in depth and its diameters are from 
16 to 7 inches. The well is cased with 16 inch pipe to 65 feet, 12 
inch to 460 feet, 10 inch to 960 feet, 8 inch to 1090 feet, 7 inch ·to 
1608, and 5 inch to the . bottom. 

No water except seep was found until the depth of 1840 feet 
was reached where for 30 feet cuttings were washed away. Water 
was found in this bed of creviced dolomite from 1840 t9 1925 
feet. The static level is 92 feet from the surface and at the fin'al 
test pumping at the rate of 150 gallons per minute produced a 
draw down of 66 feet with the cylinder at 230 feet. The cost of 
the well was $16,875. 

Driller's log and Record of strata 

DEPTH IN FEET 

Pleistocene and Recent · (62 feet · thick; top 1102 feet above sea level) : 
"Sandy clay" ______ .. ___ .. ___ . __ ... _____________________ . ____ . ___________ ... _______ . __ .. _______ . ______ .. __ .... __ . 0-10 
" Sand" ________________________ ____________________________ ___________ ________________ __ ____ ___________ __ _______________ . 10-35 
, 'Sandy clay" ___________________________________________________________________________________ .. ________________ . 35-62 

Pennsylvanian: 
Missouri series (393 feet thick)-

, 'Lime rock and shale" __________________________________ :___________________ _________ _____________ 62-455 
Des Moines series (635 feet thick)-

, 'Shale with streaks of sandstone" _________________________________________________________ . 445-1{)90 
- Mississippia~ and other formations (top 12 feet above sea level) : 

• Analysis by Dr. Harry F. Lewis, Chemical Laboratory, Cornell College, Mount Vernon, 1927. 
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"Limestone" ........................................................................................................ 1090-1486 
Limestone, light yellow·gray and )ight blue· gray, rapid effervescence in 

cold dilute HCl; flakes and poorly rounded grains of limpid quartz; 
whitish cryptocrystalline silica; cutt ings in sand and powder .......... . 

Limestone, gray, rapid effervescence ............................................................. . 
Limestone, gray, fine grained, rapid effervescence, buff, moderately 

rapid; a little blue shale in minute chips, siliceous with irregular 
~r~ins and minute particles of clear quartz and cryptocrystalline 
sillca ............................................................................................... : ........... . 

Limestone, blue· gray, effervescence moderately rapid; white, crystal . . 
line, rapid reaction, fine·grained; a little shale ................................. . 

Shale, greenish, calcareous; limestone, effervescence rapid, blue· gray ; 
chalcedony and c~ear quartz; a little brown shale ........................... . 

Limestone as above; silica as above; a little shale. .................................... . 
Limestone, blue and brownish gray, effervescence moderately rapid, 

1130 
1140 

1150 

1160 

1170 
1180 

argillaceous; dark flint, . chalcedony; 3 samples ................................ 1190-1210 
Limestone, light brown, hard, siliceous, response slow; some rapid; 

silica as above ........................................................................................... . 
Limestone, as above; some green shale; pyrite ......................................... . 
Shale, greenish, calcareous, in chips ........................................................... , 
Lime~t?ne, ligh.t gray, response rapid; shale in minute chips; whitish 

sIlica; pynte ..........................................................•................................... 
Limestone, gray, rapid reaction; white silica; black fissile shale at 

1220 
1230 
1240 

1250 

1260 and 1280; 3 samples ..................................................................... .1260-1280 
Shale, drab; white chalcedonic silica; limestone, gray.............................. 1290 
Shale, dark drab, fissile .................................................................................... 1300 
Shale, as above; limestone .............................................................................. 1310 
Limestone, response rapid; chert; chalcedonic ' silica; shale; pyrite ...... 1320 
Shale, blue ............................................ ,........................................................... 1330 
Limestone, buff, in sand; chips of shale ...................................................... 1340 
Shale and limestone, light buff, in fine sand; limpid quartz and crypto· 

crystalline silica ........................................................................................ 1350, 1360 . 
Shale, blue, in powder; some limestone and cryptocrystalline silica ; 

3 samples ' .................................................................................................... 1370-1400 
Limestone, buff, moderately rapid reaction; much cryptocrystalline 

silica in minute flakes and crystalline quartz in microscopic parti· 
cles .............................................................................................................. .'. 1410 

Sandstone, fine, grains imperfectly rounded ................................................ 1420 
Shale, blue, in chips ............................................................................... :.......... 1430 
Limestone, effervescence rapid, buff; cryptocrystalline silica and quartz .. 1440-1450 
Limestone, light yellow·gray, rapid response; a little silica as above...... 1460 
Shale, blue, in fine sand ....................................................... , ............................ 1463-1467 
Limestone, light buff, effervescence rapid; sandstone; some shale .......... 1470 
Limestone, light buff, slow effervescence ...................................................... 1480 
Driller's log; "shale (Kinderhook')" .................... : ................................... 1486-1583 
Limestone, light buff. some slow, some rapid reaction; chalcedony and 

quartz sand; shale in powder and chips ................................................ 1500 
Shale, light blue, calcareous; 2d sample at ................................................ 1500 
Shale, blue, calcareous; 4 samples ............................................ ~ ................... 1510-1540 
Limestone, light yellow'gray, effervescence rapid; some chips of shale 1550 
Limestone, as above; shale, blue, sQme bright green ................................ 1560 
Limestone, as above, in flaky chips, earthy ........................ :....................... 1570 
Limestone, as above, in small chips ................................................................ 1580 
Limestone, gray, some whitish, rapid effervescence ..... : ...... : ................... 1590, 1600 
Dolomite, light blue·gray, crystalline ........ ,................................................. 1610 
Limestone. light buff and whitish, effervescence rapid, called "hard" 

by driller ................................................................................................... . 
Limestone, buff, .in fine sand, some rapid effervescence. some darker 

and rather slow, considerable ' residue of quartzose microscopic par· 
ticles and some grains of limpid quartz; blue shale, pyrite ........... . 

Limestone, gray, reaction moderately rapid, "hard" ............................... . 
. Limestone, blue'gray, moderately slow reaction, argillaceous ................ , ... 

1620 

1630 
1640 
1650 
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Limestone and shale, limestone brown, moderately slow reaction .......... i660 
Shale and limestone, blue·gray, reaction slow; at 1680 also white and 

gray cryptocrystalline silica and microscopic quartz particles ........ 1670, 1680 
Dolomite, light blue and gray, cuttings iIi ' fine sand and, flour, much 

chalcedonic silica and some fine quartz sand; 3 samples ................ 1690-1710 
Shale, blue'gray, with dolomite and silica as above ........... _..................... 1720 
Silica, white, chalcedonic; whitish limestone of rapid · effervescence; 

fine quartz sand; all in powder and sand ............................................ 1730 
Shale, light blue· gray, siliceous as' above, calcareous .: ....... _ .... _ ...... _....... 1740 
Dolomite, in powder and line meal; shale, light .blue'gray, in 'powder, 

quartzose ......... _ ............................................................ , ......................... _... 1750 
Dolomite, gray, iDl fine crystalline sand; cuttings blue·gray in mass from 

argillaceous powder .................................................... :............................. 1760 
Dolomite, buff and gray, in fine crystalline sand; 6 samples .................. 1770-1820 
Dolomite, light yellow·gray; some flakes of blackish fossiliferous shale, 

inflammable, similar 'in appearance to that at 1280. •.•...... _ ............... 1830, 1840 
No samples, "drillings washed away" ............................................. _ ......... 1840-1870 
Dolomite, subcrystalline, light yellowish and. light brownish gray, in 

chips; some shale as . above .: ........................................... _ .......... _ ......... : 1870 
Dolomite, and some magnesian limestone of rather slow effervescence; 

light yellow-gray; considerable calcite ................................................ 1927 
Dolomite, light bu:£f, in clean fine meal ....... _............................................. 1932 

N otes.-The floor of the Coal Measures, placed by the above 
interpretation of. the driller's log at 12 feet above sea level, is in 
accord with the elevation of this floor at points north, east and 
south where it has been reached. About 25 miles to the west in 
the Council Bluffs-Omaha area the altitude at the floor as defined 
by the summit of hea,vy limestones referred to the. Mississippian 
stands 550 feet above sea level, _ indicating a rather s~arp up­
warp toward the west, if not faulting. 

The Oakland well reaches a depth of 730 feet below sea' level. 
No evidence of the Saint Peter sandstone or of its superincum­
bent shales is found in the cuttings and the sandstone probably 
lies 200 or 300 feet below the bottom of the well. The dolomites 
in which the well foots may be referred to the Galena with some 
probability. .. 

OELWEIN 
(Altitude 104e feet) 

WELL OF CHICAGO GREAT WESTERN RAILWAY COMPANY 

This well, completed in July, 1919, was drilled by F. M. Gray, 
J r.,of Milwaulree. The deptp. is 1382 feet; the diameters are . 
12 inches to 397 feet, 9 inches to 950 feet, and 7 inches to bottom . . 

Water was found in the Saint Peter sandstone to the amount 
of , 40 gallons per minute. The final tests, however, showed a 
capacity of at least 250 gallons per minute. 
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During the drilling 'of the well the static level remained sta­
tionary at about 18 feet below the surface, a fact which led to the 
opinion that little water had been found. A month afterwards 
th€:water had sunk to about 100 .feet from the surface and whim 
'after various delays the pumping test was made in October the 
head was found at 200 feet below the surface. 

Record of strata of tvell of Chicago Great Western Rai!road Company. 

DEPTH IN FEET 

Pleistocene and Recent (57 feet thick; top 1036 feet above sea level): . 
Sand and gravel, yello'!" .................................................................................. 0.:.57 

Silurian : , . 
. Niagaran limestone (108 feet thick, top 979 feet above sea level)-

Dolomite, light buff, in fine sand arid chips; 12 samples ._............. 57-130 
Limestone, magnesian, or dolomite, light gray, crystalline, moder· 

ately slow effervescence in cold dilute HCl ................................ 130-145 . 
Dolomite, buff and gray, cherty ............................................................. 145-165 

Ordovician: 
Maquoketa shale (215 feet thick; top 871 feet above sea level)-

Shale, blue, plastic, sample taken at 290 ...............................•............ 165-325 
Limestone, gray, moderately rapid effervescence, fine· grained ........ 325-365 
Shale, blue· gray, in concrete.d masses .................................................. 365-380 

Galena and Platteville limestones (405 feet thick ; top 656 feet above 
sea level)- , 
Limestone" buff and light gray, fine· grained, moderate , efferve· 

scence; and gray, rapid effervescence, in chips an dsand ........ 380-510 
Shale, light brownish gray, in concreted masses ... _ ........................... 437-439 
Limestone, light gray, in . powder, argillaceous, rapid effervescence 510-720 
Shale, green, hard, fissile .................... , ............ _..................................... 702-703 ' 
Limestone, light gray, rapid effervescence ........................................ 720-785 

Saint Peter sandstone (75 feet thick; top 251 feet above sea level)-
Sandstone, white, rounded grains; 2 samples ... _ .. , .............................. 785-86{) 

Prairie du Chien (380 feet thick, top 176 feet above sea level)-
Dolomite, gray, cherty ....................................................................... _ ... 860-881 
Shale, green·gray ....................................................... _ ................ _ ...... _ ... 881-887 , 
Dolomite, in fine crystalline sand, much quartz sand in cuttings and ' 

some shale •................................................ _ ......................... : ............. 887-950 
Dolomite, white and gray, sparse imbedded grains of quartz, some 

plastic blue shale' ........................ , .......................... _......................... 955 
Dolomite, light buff ......................... :.: ......... _ .................. _ .................. _... 980 
Shale, blue·gray, in concreted masses with some quartzose marl .... 995-1002 
Shale, blue·gray, in concreted masses .................................................. 1002-1025 
Sandstone, fine, rounded grains of clear quartz, dolomite and sha:Ie 

in cuttings (New Richmond ') .. :: .......... ; ....................................... 1025-1037 
Dolomite, gray, cherty ................................... : ......... _ ............................. 1037-11{)5 
Dolomite, with much shale' ........... _ ............ "T.: .. _ ...................... _ ........... 1105-1145 
Dolomite, gray, cherty ............... : ............ , ............ _ ........................ : ........ 1145-1195 . 
·Dolomite, gray and white; 2 samples ............................................... _ ... 1195-1240 

Cambrian: ' " . . . 
Jordan sandstone (77 feet thick; top 204 feet below sea level)-

Sandstone, fine'grained, with consider~ble dolomite in cuttings .... 1240-1265 
Sandstone, in fine rounded grains ............................................................ 1265-1295 
Sandstone, . as above, with calcareo·argillaceous powder .................. 1295-1317 

Saint Lawrence (Trempe!J.leau dolomite) (top ,281 feet below sea 
level)~ I' , 

Dolomite, i~ fine crystalline sand With. some argi~laceous resi~ue •. _ 1317 
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CIIrY WELL, OELWEIN 

This wen was drilled by the Bert Sharff Drilling Co. of Oel~ 

wein in 1924. The depth is 1316· feet and the diameters are from 
12 to 8 inches. ·· The only water fO'und, so far as reported, was 
at 140 feet in the Niagaran limestone. Both·the Saint ,Peter, and 
the Jordan sandstones are stated to be hard and dry. The 
static level stands at 30 feet. Tests showed a capacity of only 
90 gallons per minute and the well was never put into operation. 
Twelve inch casing was inserted to a depth of 37 feet and 248 
feet of 8% inch 'pipe were inserted from 152 . to 400 feet to case 
out the Maquoketa shale. The cost of the well is stated to have 
been $10,000. 

~ince this well hole is entirely' useless in its present condition 
it would 'seem quite worth while to experiment with a charge or 
charges of dynamHe to see if deep lying water channels can not 
be opened up. In the well of the Chicago Great Western Rail­
road just described the deeper waters at first failed to find access 
to the tube and the water held the static level of the Drift and 
Niagaran waters . . At last the deeper channels opened up with­
out artificial aid and the static level fell accordingly, but in the 
severer case of the city well an operation is indicated. 

Driller's log.of City well, Oelw~in (from blue print? 
DEPTH IN FEET 

Clay ............................................................................................................................ ~. 0-38 
Lime (Niag~ran) ..................................................................................... : ....... ;........ 38-165 

~t!I:st~~a1~!~~~ket~)···:::::::::::::::::::::=::::: :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ~~t~~~ 
Shale, blue (Maqlloketa) ........................... ~ ............................................................ 373-390 
Limestone (Galena·Platteville) ........................................... _ .... ~ .......................... 390-435 
Shale, brown (Galena· Platteville ) ..................................................... ~....... ........... 435-443 
Limestone (Galena· Platteville) .............................................................................. 443-739 
Shale (Glenwood) ...................................................................................................... 739-745 
Sandstone (Saint ·Peter) hard and dry .............................. , ................................. 745-795 
Limestone (Shakopee) ........................................................................................ :..... 795-864 
Sandstone (New Richmond) ........................................ , ......................................... 864-875 
Limestone, ,very hard (Oneota) ........................................... : ................................ 875-1179 
Shale, green ............................................................................................. _ ............... 1179-1185 
Sandstone, hard and dry (3 ordan) ................... _ ....................................... , ......... 1185-1290 
Limestone (Trempealeau) ......................................... _ ........................................... 1290-1316 

OGDEN, BOO~ COUNTY 
'(Altitude 1097 feet) 

CITY WELL NO. · 2 

In 1929 a second well, ,2852 feet ,deep, was ·completed for .. the · 
city of Ogden by the ' Thorpe B:r;others Well Company of Des 
MOInes. The pri:q.cipal supply was found near the bottom, in the 
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Dresbach sandstone. Only small amounts were found above this 
stratum and these were cased out. The pumping capacity on 
completion was tested to 150 g.p.m., with a draw"down from the 
static level of 163 feet below the surface to 297 -feet. The well is 
cased with '16 inch casing to 403 feet, 12' inch to 670 f~et, 10 inch 
to 1313 feet, 8 inch to 1851 feet, 6, inch tq 2680 feet and 4ljz rnch 
to the bottom. 

Record of strata 
DEPTH IN FEET 

Pleistocene ;;Ind Recent (140 feet thick; top 1094 feet above sea level) : ' 
, Till, yellow', calcareous, clayey, in hard masses inclosing sand and peb-

bles of drift _______ __ _______ _____ __ ___ _____________ __________ __ ________ ________ __ _____ ___________________ 10, 20 
Till, gray, as above; 3 samples ___ ________ : __ ____ __ __ ,______________________________________________ 30-50 
Gravel, with some clay _______________ __________ __________ _____ _________________________________ :_________ 5(}-60 ' 
Till, yellow, calcareous, with pebbles and sand; 2 samples ____________________ .. 60-80 
Till, gray, many pebbles __ c ____________________ ___ _________________ _______ ____ , _________ ____________ :__ 80-90 
Till, yellow and orange, highly sandy and pebbly" feebly calcarous; 2 samples _______ : __ ._______ ______ __ _______________________ ____ ______ __ ___________________ ___________________ 90--110 
'Till, yellow, highly sandy and pebbly _______________ -' __________________________________________ 110-120 
Till yellow, clayey, calcareous _____________________________________________________ .----------------- 120-130 
Till, drab; clayey, calcareous ___________________ _________________ ______________ ' ______________________ 130-140 

Pennsylvanian: 
Des Moines (230 'feet thick; top 954 feet above sea level)-

Shale, drab, noncalcareous; 2 samples _____________ __________ , _______________________________ 140-160 
No samples ____ __________________________ __________________ ________ _______ _____________ __ ___ __ ____________ __________ 160-180 

Shale, gray and drab, blackish at 200, 220, 240, 250 and 270 feet; 
17 samples ' __________ ~ ________________ : __________________________________________ __ ____ , _______________ _____ 180-350 

Conglomerate, largest pebbles 15 to 20 mm_ diameter, a few rolled peb­
bles of yellow-gray and red granites and feldspathic. rocks, green­
stones, quartz, chert or chalcedonic silica, blue-white, with irreg­
ular surfaces, some limestones; with sand and ppwder of shale; 2 samples ______ ______________ __ _______ ________________________________________ ____________________________ ' 350-370 

Mississippian (260 feet thick; top 724 feet above sea level ) : 
Chert, blue-gray and white; some coarse sand _____________________________________ ______ 370-380 
Chert as above; with much drab shale __________ __ ________________________________ _____________ 380-390 
Limestone, gray, rapid effervescence in cold dilute HOI, some soft, 

macrocrystalline, fossiliferous; some chert, some arkosic grains 
from above ' ______________ : __ _____ ______ .c __ : ______ : ________ ________________ :_______ ______ ___________ _______ 390-400 

Limestone, gray and drab, -rapid effervescence, fine crystalline-gran-ular; 10 samples __________________________ ____ ______________________________________ _________________ _ 400-500 

Limestone, brownish, tinge of drab, fine crystalline-granular, moderate-
ly rapid .effervescence; 2 saIhples ________________________ ___________ _____________________ 500-520 

Limestone, gray, oolitic, moderately rapid 'effervescence; '3 samples ___ ___ 520-550 
Shale (Kinderhook), light blue-gray, calcareous; 6 sainples ____________________ 550-610 
Limestone, drab and gray, rapid effervescence _______________________ ________________ ___ 610-620 
Shale, light blue-gray, ~ome large chips show lamination ______ ______________ __ 620-630 

Devonian (350 feet thick; top 464 feet above sea level) : 
Limestone, cream-colored, lamin~ted, in flaky chips" earthy, rapid effervescence __ ________________________ : __ : _________ _____________ __ _ , __ , __________ __ __ __ , ___ ______________ 630-640 

Limestone, cream and yellow-gray, rapid effervescence, fine-grained; , 3 samples ___________ ____ __ __ __ ________ ____ _____ ___ ____________ __________________ _________ : _____ _____________ 640-670 

Limestone, light gray" calcilutite, conchoidal fracture, rapid efferves-
cence, laminated at ',700; 4 samples _______________ l!':_: ___________________ ________________ 670-710 

Limestone, light yellow gray, fine crystalline-gram~lar, laminated, rapid 
effervescence; 2 samples _ .. ________ ____ _____ : __ : ________ ~ _: __________ ________________________ : 710-730 

Limestone, light yellow-gray calcilutite, and blue-gray, crystalline-
earthy, rapid effervescence',with powder of drab shale ____________ __ ______ 730-740 
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Limestone, light yellow·gray, nne crystalline· granular, laminated, rapid 
effervescence ................................................. _ ........................................... 740-750 

Shll-le, gray with greenish tinge, in tough concreted masses with chips 
of drab, nne· grained, hard limestone ............................................... , .... 750-760 

Limestone, drab, nne ·crystalline·granular, hard, slow effervescence, . 
l'esidue highly argillaceous, quartzose with microscopic grains, 

. sparsely arenaceous with . minute ill rounded grains of clear quartz; 
3 samples ....... : ......................................................... , ... :.............................. 760-790 

Dolomite, gray macro crystalline and crystalline· granular, rough sur· 
faced chip~; 5 samples .............................. , .................... _ .................. : .... 790-840 

Dolomite, brown·gray, fine· grained, compact; 5 samples ................. _ ..... 840-890 
Dolomite, light buff, disintegrating under acid into nne crystalline sand 890-900 
Limestone, light yellow· gray and buff, laminated, rapid effervescence 

(some slow); 4 samples ............... _ ........................ : ................................. 900-950 
Limestone, buff and light gray mottled brown, rapid effervescence ...... 950-960 
Limestone, buff and light gray, slow and rapid effervescence ....... ~ ........ 970-980 

Silurian (280 feet thick; top 114 feet 'above sea level) ; . 
Dolomite, buff and brown, fine crystalline· granular ................................... :980-990 
Dolomite as above; white grains of gypsum ..................... _ ....................... 990-1000 
Dolomite as at 980, some lime~tone of rapid effervescence; 4 samples .... 1000-1040 
Dolomite, blue· gray, some chips of gypseous\dolomite, gypsum in white 

, masses; 2 samples ............................................... _ .................... _ ............. 1040-1060 
Dolomite, gray, b.uff and brownish; chips of gypsum, anhydrite and 

gypseous 'dolomite; 7 samples ....................... _ ............ _ ......................... 1060·1130 
Clay, white, in powder and soft grains; dolomite, light gray and buff, 

in sand; gypsum considerable at 1130, in small amount at 1150; 
3 samples ............................................. _ ................ _ ................................... i130-1160 

Dolomite, gray and buff, at 1190 light yellow· gray, soft a.nd earthy; , 
10 samples ..................... _ .......................................................................... 1160-1260 

Urdovician; 
Maquoketa (40 feet thick; top 166 feet below sea level)-

Shale, light greenish gray, some reddish brown, calcareous, unc· 
tuous, in hard lumps ............................................. _ ......................... 1260-1270 

Shale: ocher·yellow, calcareous ....•................ _ .................................. __ ... 1270-12t80 
Shale, as at 1260 ... _ ................................................................................. 1280-1290 
Shale, ocher·yellow and terra cotta red, calcareous ..... _ .... _ ............... 1290-1300 

Galena· Platteville (484 feet thick; top 206 feet below sea; level)-
. Chert, light gray and whitish, a very little dolomite an<;l nne quartz 

sand in ill rounded grains; 7 samples ................. _ ........ _ ............. 1300-1370 
Dolomite, gray and buff, cherty; 2 samples ........................................ 1370-1390 
Dolomite, gray ............... _ ......................................................................... 1390-1400 
Chert and gray dolomite; 2 samples ... _ ................................................. 1400-1420 
Shale, gray, in hard masses, calcareous, not quartzose .: .................. 1420-1430 
Dolomite, light gray and light yellow· gray ; gray shale at 1430; 

4 samples ............................................................................................ 1430-1470 
Dolomite; light gray; gray chert; 9 samples ......... _ ........................... 1470-1560 
Dolomite, light gray and buff, brown·gray at 1660; 14 samples .... 1560-1690 
Dolomite, light yellow· gray, with much gray and blue·gray shale, 

slightly arenaCeous, grains nne and rounded; 4 samples .......... 1690-1730 
Limestorie, earthy, light yellow· gray, rapid' effervescence; 2 sam· . 

pIes ..... _ .......................... _ ................................................................... 1730-1750 
Shale, 'medium dark green, ili hard masses concreting chips of 

limestone as above ............................................................................ 1750·1760 
Limestone, .light yellow· gray and buff, in :flaky chips, rapid ef· 

fervescence; shale from above in dark green noncalcareous 
splintery :flakes; 2 samples ..... _ .......................... _ ......................... 1760-1784 

Glenwood shale (6 feet thick; top 690 feet below sea level)-
Shale, dark green, hard, in noncalcareous chips and concreted 

masses ... _ ................................ _ ...... _ .......................... _ ....................... 1784-1790 
Saint Peter sandstone (38 feet thick; top 696 feet below sea level)-

Sandstone, white, grains rounded and frosted; 4 samples ................ 1790-1828 
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Prairie du Chien (352 feet thick; top 738 feet below sea level)- . 
Dolomite, light gray, crystalline; much hard green shale from aboV'e . 

in large flakes; quartz sand ..... : ....... _ ..........•....................... _ ......... 1828-1840 
Sandstone, fine ; some dolomite ........................................•...................... 1840-1850 . 
Dolomite, white, highly arenaceous, imbedded grains; 2 samples .... 1850-1870 
Dolomite, light yellow· gray and gray, arenaceous, imbedded grains; 

5 samples ............... ., ................ _ ....................... ~ ........................•........ 1870-~920 
Dolomite, very light gray; shale in concreting powder; quartz 

sand with secondary enlargements; splintery shale .................... 1920-1930 
Sandstone, white, larger grains about 0.8 mm. in diameter, second· 

ary enlargements; some dolomite; 4 samples .............................. 1930-1970 
Dolomite, light buff and gray, cherty at 2010, 2030, arenaceous in 

places, as 2070, 2080, 2150; much hard shale at 2120; 21 , 
sa~ples ................................. _ .................................. , .......................... ~9?0-2180 

, Cambrian : . 
Jordan ' sandstone (30 feet thick; top 1086 feet below sea level)­

Sandstone, white, 'grains well rounded and frosted, larger grains a 
little over 0.8 mm. diameter; 2 samples ..... _ .. _ ......................... 2180-2200 

Sandstone, as above, finer ..................... _ ............................ _ ................. 2200-2210 
Saint Lawrence.,. Trempealeau beds (100 feet thick ; top 1116 feet below 

sea level)-
Dolomite; gray, arenaceous at 2240 and 2300, argillaceous at ~260 

and 2280; 10 samples ...... _ ............................. , ................... _ ........... 2210-2310, 
Saint Lawrence, Franconia beds (410 f eet thick; top 1216 feet below 

sea level)- " . 
Sandstone, light greenish gray in mass, glauconitic, dolomitic, argil· 

laceous, grains minute, some medium, coarser at 2340, with 
chips ' ~f dolomite at 2350; 10 samples ........................................ 2310-2410 

Sandstone, green·gray, glauconitic, argillaceous, dolomitic, grains . 
minute ........... : .................. ' .. , ............................................... _ .... : ............ 241 0-2420 

Shale, blue· gray, in concreted masses, glauconitic, dolomitic, min... 
. utely arenaceous; flakes of hard drab shale; 2 samples ........... ~430-2450 

Shale, dark olive· green an.d drab, in flakes ........................ ~ ................. 2450-2460 
Sandstone, gray in mass, in detached. grains, some 1 mm. in diam' 

eter, well rounded, mostly in fine and minute grains, dolomite 
in chips, blue·gray, glauconitic, highly arenaceous in minute 
grains ....................................... _ .... _ .. , ................................... _ ........... 2460-24 70 

. Dolomite, buff·gray in mass, minute!y and finely arenaceous; much 
quartz sand in detached grains ...................................................... 2470-2480 

Dolomite, gray in mass, in fine sand with much quartz sand in . 
grains from minute to medium ...................................................... 2490-2500 

Shale, blue· green, hard, finely laminated, "paper shale" ................ 2500-2510 
Shale, blue· green, in moulded masses inclosing chips of same ........ 2510-2520 
Shale, r·eddish and blue..gray, finely laminated, noninflammable; 

2 samples ............................................................................................ 2520-2540 
Shale, red and green ............................... _ .............................................. .2540-2550 
Shale, blue· gray and olive· green, in thin splintery flakes; some 

sandstone, dolqmitic and glauconitic of minute grains; 5 
samples .............................. - .............................................. : .................. 2550-2600 

(This record is completed in the appendix.) . 

. N otes.-The gray, drab and blackish shales underlying the 
drift are typical of the Des Moines, but the conglomera,te or 
gravel which underlies them is exce1?tional. It may be compared 
with the Pennsylvanian sandstone and conglomerate :follnd in 
troughs eroded in the Mississippian and earlier formations of ' 
eastern Iowa, and with the much thicker arkosic sandstones and 
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conglomerate in which' the drill stopped at Manson 1200 feet be­
low the surface. The lack o.f ro.unding o.f the pebbles is not in­

. ~onsistent with the theory o.f their o.rigin as a land depo.sit. The 
presence of so.me o.f the pebbles is pro.bably to be acco.unted fo.r 
by cave. But it is highly impro.bable that all or even a large part 
are due to. an extensive do.wnfall fro.m the gravels o.f the drift, 
the o.nly o.ther possible so.urce, so. accurately timed as to. o.ccur 
at the precise time when the drill had just passed thro.ugh the 
shales of the Des Mo.ines. The cherts with irregular surfaces 
are clearly Mississippian and pro.bably are residual material. 
Tho.se o.f the lo.wer o.f the two. samples; however, may belo.ng to 
ro.ck in ,place which the drill was entering. , 

The Mississippian may co.nsist who.lly of the Kinderho.o.k lime­
sto.nes and, shales, altho.ugh the upper cherts suggest the Mo.n­
tro.se beds. Cherty beds, ho.wever, o.ccur in the Kinderho.o.k o.f 
this area. ' The o.olitic limestone at 520 feet is characteristic. 
The shale 80 feet thick at 550 feet is assigned to. the Kinderho.o.k 
shale. At Bo.o.ne this shale extended fro.m 590 to. 630 feet. 

The limE)sto.nes placed with the Devo.nian permit <,mly the mo.st 
general'teference at best and the lo.wer limit is uncertain. 

The gypseo.us do.lo.mites pretty clearly belo.ng to. the Salina 
group o.f the Silurian, while the shale beneath them is readily 
assigned to. the Maquo.keta, altho.ugh the o.cher-yello.w and terra 
co.tta red of the basal layers are quite exceptio.nal. But 25 feet 
of buff shale is repo.rted by .Beyer at this horizo.n in the deep 
wells at Bo.o.ne. 

The · Galena-Platteville is present in great fo.rce, and is do.lo.­
mitic thro.ugho.ut, except fo.r 50 feet o.f limesto.ne of "Trento.n" 
facies and shale at base: The heavy beds o.f chert at to.P are 
wo.rthy o.f no.te and perhaps sho.uld go. to. the Maquo.keta. 

The GJenwo.o.d shale is given a thickness o.f but six feet. An 
entirely similar shale in a thin hed alo.ng with limestone occurs 
about 30 feet liighe,r up and in these transitio.nal strata might 
Po.ssibly be placed with the shale beneath. 

Bo.th the Saint Peter and the J o.rdan sandsto.nes are thin. The 
P~airie du Chien is divided, as is co.mmo.n, 'by the sandy beds o.f 
the New Richmo.nd, 1930 to. 1970 feet. 

The Trempealeau and the Franco.niabeds o.f the Saint Law-
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rence are sharply delimited, the latter showing its usual glau­
conitic, dolomitic and argillaceous sandstones of minute grains 
and its hard splintery shales. 

ORANGE CITY 
(Altitude 1471 feet) 

CITY DEEP WELL NO.2 

Previous to 1921 the public supply of Orange City had been 
drawn from a drilled well 215 feet deep, two shallow wells, and a 
deep well sunk in 1911 to a depth of 562 feet. As these . sources 
became inadequate and unsatisfactory a well 825 feet deep was 
drilled in 1921 by the Thorpe Brothers Well Company of Des 
Moines .to tap the deeper water beds of the area. On completion 
the pumping capacity was found to be 110 gallons per minute 
with the cylinder set 280 feet below the surface. The static level, 
200 feet below the curb, is not drawn down by continuous pump­
ing. 

The sandstone in which the well ends was considered water 
bearing as the cuttings were largely washed away. The work 
was stopped here because of extensivE) caving of the overlying 
shales. The diameter had already 'been reduced to 5 inches and 
to go on would require pulling 80 feet of casing and reaming. 
The water is very hard and unsatisfactory for boilers. 

Record of strata 
DEPTH IN FEET 

Pleistocene and Recent (160 feet thick; top 1412 feet above sea level)~ 
Till, yellow, clayey, with pebbles ............................................... :.................. 10,20 
Clay, dark buff, plastic, gritty...................................................................... 30 
Gravel, with some clay.................................................................................... 40 
Till, bright yellow, with pebbles ............... , ...... :............................................. 50 
Till, darker Yellow, with pebbles ................... ,............................................... 60 
Sand, yellow, coarse ........................................................................................... 80,90 
Clay, blackish, fine·grained, in hard concreted masses, gritty witp. 

coarse sand consisting largely of chert and limestone .................... 100 
Till, brown, pebbly .......................................................................................... 110 
Sand, yellow, rather fine ........................................................................... : ...... 120 
Till, dark buff, clayey, with pebbles ............................................................ 130 
Clay, buff, sandy .............................................................................................. 140 
Sand and fine gravel .................................................................... ,................... 150 

Cretaceous: . 
Colorado (330 feet thick; top 1252 feet ab.ove sea level)-

Sandstone, gray, grains ranging widely in size, poorly rounded, 
mostly of quartz .............................................................................. 160 

Shale, brownish gray, calcareous, fine· grained, polishing under the 
finger nail, with sand and pebbles, chiefly ·of limestone, some 
of diorite ............................................................................................ 170 

Shale, blue· gray, fine·grained, plastic, calcareous, somewhat gritty 
with fine sand mostly of quartz ......... :............................................ 180 
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Sandstone, as at 160 feet; but coarser, some grains of li.ri:te~tone, 
some of ferro-magnesian minerals, mostly of clear quartz; some pink and yellow _____________________________________________________________________ 190, 200 

Marl, light yellow-gray, rapid effervescence in' cold dilute ,ReI, in 
powder concreted to friable masses, clayey, minutely arenace-ous ________________________________________________________________ .,.. __ . __ . __ . ____ . _______ . ____________ _ 

Sandstone, very fine, of minute particles of quartz, mostly clear, 
some red and pink, some ferro-magnesian minerals, calcareous, 
argillaceous ____ . __ . ____ . ____ .. __ .... ___ ._. ______ . ___ .. ___ . ____ . __ .. _ .. _ ... __ .. __ ..... __ .... _ ... 

Shale, gray, unctuous, calcareous, somewhat gritty, in hard con-
, creted masses ._ ...... __ .... __ ........ ____ ._. ___ ... _ ........ ___ ._ ........ ___ ........ _._ .. ___ .. . 

Sandstone, as at 220 but ' more argillaceous ... _ ... _ .... __ ,. __ ._. __ ._ .. __ ......... . 
Shale, as at 170 .. _._.: .. _ .... _._ .. _ ... _., ____ .. __ ... _._ .... ____ ._ .. _t __ •• __ •• __ •••• _ •••• _ •••••••••••• : 
Shale, yellow:gray, gritty, somewhat calcareous ._. ___ ... ___ .... __ __ . ___ ... ___ . 
Shale, as at 170; 3 samples . __ ... ___ ___ ... _._._ ... _ ... _._ ....... __ .... __ ....•.... _ ..... _._ .. 
Shale, blue-gray, unctuous; 5 samples . __ . __ .. _________ .. _. __ ._ .. ___ .. .-__ . ___ ._ ....... . 
Sandstone, gray, fine, grains imperfectly rounded; 3 samples .,_. __ .. 
Limes,t?ne, rapid effervescence, in' chips; shale, hard, calcareous, 

sllIceous .. __ ._. ____ .. _ .... _ ... ___ . __ ._ .. __ .. ____ .... ___ .. ___ .... _. __ .. ___ ..... ____ ... ___ . __ ._ .. _._. 

210 

220 

230 , 
240 
250 
260 

270-290 
300-340 
350-370 , 

-380 ' 
Shale, highly pyritiferous and siliceous, in blue· gray powder and 

small chips ' . _____ .. ____ . ___ ... __ _ .... ___ .,. __ __ ..... _. _____ .... __ ... _. ___ .. _______ ._ .. __ .. _. ______ . 390 
Shale, blackish and dark gray, unctuous; 5 samples _ ... _ .. _ ... _._. __ .... _ .. 400-440 
Shale, light gray, soft; dark gray, hard; in small chips, calcar-

eous, siliceous; quartz sand ._._ ...... __ .......... __ .. _. __ .... ____ . ____ .: ... _,. ___ .... . 
Shale, dark gray, highly siliceous with particles of impure crypto-

crystalline silica and some grains of clear quartz ._. ___ ... __ .. _. ___ _ 
Shale, gray, hard, slightly calcareous, siliceous as above _._. ___ .. _____ .. 
Shale, blue-gray, pyritiferous, siliceous as above ... _ .. _ .. ____ ._. __ . __ ..... _ ... _._ 

Dakota (top 920 feet above sea level)-
Sandstone, gray and yellow-gray, fine and coars.er, of clean quartz, 

450 

460 
470 
480 

grains imperfectly rounded, many larger grains angular and 
subangular; sorrie coaly shale in cuttings at 570; 20 samples 490-685 

(Fragments brought up from 635 to 637 are (1) of limestone, 
gray-buff, earthy, argillaceous, with black specks, highly 
siliceous with, minute particles of crystalline quartz, and (2) 
of shale, hard, dark buff, calcareous, with much crystalline 
quartz in minutEj imbedded particles, and (3) of sandstone, 
gray, calcareous, moderately fine, grains imperfectly rounded, 
mostly of uncolored quartz, some pinkish, 

Fragments from 670 to 672 are (1) a rounded concretionary mass 
of pyrite; (2) shale, blackish, coaly, .burns white, but non­
inflammable; (3) shale, whitish, consisting largely of par­
ticles of cryptocrystalline silica, laminated, speckled with 
microscopic black grains) 

Shale, greenish yellow, unctuous, noncalcareous _. ____ . ______ .. ___ . __ . __ .... ___ . 685, 696 
(Of the fragment from 692-696 one·half is of whitish limestone 

, of rapid effervescence, crystalline, vesicular, with greenish 
clay in vesicles, residue argillaceous and with small grains of 
crystalline quartz) 

S,andstone, gray in mass, and light buff. of grains of clear quartz, 
widely differing in size, imperfectly rounded; at 750 some 
graips with bright red and orange stain as if from imbedment 
in red CllloY; 7 samples .. _. __ . ___ ._ .. ___ .. _ .. _._. __ ... _ .. _ ... __ ... _____ . __ ... _._. ___ ... _._ ... 696-750 

Glenwood shale (') (55 feet thick)-
Shale, dark red, plastic, ,in hard concreted mass, highly calcareous, 

residue of fin~ quartz sand with rounded grains . ___ ...... _._ .. _________ 745-753 
Shale. gray, fine·grained, calcareous, minutely arenaceous, sam-

pIes , in thin mud; 6 samples __ .. __ ._. _____ . ___ .... ____ . __ ._ .... __ ._. ____ . ____ .. _._. __ . 753-790 
Saint Peter (f) (penetrated 23 feet; top 610 feet above sea level)­

Sandstone, color in mass gray, moderately fine, but some irregular 
grains up to 2 mID. in diameter: grains of clear uncolored ' 
quartz excepting a few surficially stained pink ' or yellow. 
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Many grains well rounded and froste(l, but not so uniformly 
as the grains of the ~aint Peter of eastern sections; some 
chips of hard dark shale. Sandstone soft, 20 feet drilled in 
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ten hours ......... _ ................................. _ ............................... _............. 802-825 

• CITY 'WELL NO. 1 

The facts as to this well seem important enough to place on 
record although it is not now in use. It was completed in 1911 
by G. J. Savidge of Sioux City. The depth is 652 feet; diameters 
are from 8 to 6 inches. Water was found from 410 to 564 feet 
and also at 300 feet. The capacity of the well was 20 gallons per 
minute, with' the cylinder set at 320 feet; The static level was 
225 feet below the surface of the ground. 

The following log is made out from a diagram of the well: 
. Driller's Log 

DEPTH IN FEET DEPTH IN FEET 

No record ..... _............................. 0-300 'Sandstone, not much water ...... 412-442 
Rock .............................................. 300-331 Clay ................. _ .................... ; ..... : 442-512 
Blue clay.................................... Sandstone, white, soft, water .... 512-562 

Mirneral Content of City Well No. t, Orange Oity* 
P.P.M. 

Bicarbonate ........................................................................ 351.4 
Chloride ..... ~................................. ............................. .......... 29. 
Sulphate ... _ ............................... _ ....... ; ........................ ! ........ 829.0 
Silica ... _ ............................................................ _............... 10.2 
Fe20.+Al,O •..................... _ .......................... _................... 39.8 
Calcium ................... , ............................................... _ ......... 276.5 
Magnesium ................................................................ ~ .. _... ,97.8 
Na ·+ K as Na ........................................... _ .... _ ............... 153.0 

Total solids ..... _ ............................................ _ ............. 1610.0 

OTTUMWA 
(Altitude 645 feet) 

WELL NO.5, JOHN MORRELL AND COMPANY 

In 1928 the fifth deep well of this packing company, was com­
pleted by S. B. Geiger and Co. of Chicago. The depth is 2002 
feet and the diameters are from 20 to 10 inches. The principal 
supply was found at 1803 feet, the horizon of the J ord3:n sand­
stone. Water was found also at 150 feet in brown sand of the 
rv~ississippian, at 1115 feet in "sand" supposed to be the Galena 
dolomite, and at 1680 feet in creviced dolomite of the Oneota. 

After the drill reached 150 feet the static head never fell below 
the surface of the ground and on ,completion it stood at 28 feet 
above the ' surface, giving a natural discharge of 1,850 g.p.m. 
With a surface pump the capacity.is 3,000 g.p.m. 

* Analysis by Dr. Harry F. Lewis, Chemical Laboratory, Cornell College, Mount Vernon, 1927. 
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From the top to 218 feet is set an 18 inch pipe and a 12 inch 
pipe extends from 266 to 706 feet, casing out the Kinderhook 
shale and some of the overlying strata. 

Mineral analysis • 
GRAINS PER GRAINS PER 

CONSTITUENT U. S. GALLON CONSTITUENT U. S. GALLON 

~ilica ........................................ 0.28 Soluble incrusting solids ...... 6.53 
Iron and alumina oxides ........ 0.04 Insoluble incrusting solids.... 15.02 
Calcium carbonate .. :............... 13.10 
Magnesiupl carbonate ............ 1.60 
Magnesium sulphate .............. 6.53 

Total incrusting . solids .... 21.55 
Hardness ________ .. _________________ .... ___ 20.50 

Sodium sulphate •.................... 34.40 Alkalinity .......... _ .... __ ....... , .... ·..... 15.00 
Sodium chloride ..... c................ 12.10' 
Organic and volatile matter_. 1.21 

Total solids ..... _ ............ ____ 69.32 

Driller's log of Well no. 5, John Morrell Co., _ Ottwmwa, with assignment 
to formations 

DEPTH IN FEET 

Pleistocene and Recent (20 feet thick, top 643 feet above sea level) : 
Clay and quicksand .................. _____ ..... ____ .. _ ..... __ ..... _____ .. __ .. ___________ : ____ .. ___ _ .... __ .. _. 0-20 

Mississippian, undifferentiated (535 feet thick; top 623 feet above sea 
level) : 

Lime shell ._ .. ______ .... __ .. __ .... __ .... ___________ ___ ____ .. ______________ ... __ ._ ..... ________ ............ __ .. ____ __ 20-25 
Shale and, lime shells ...... __ .... ______________ .. _____________ .. __ .. ___ .... ___ .. ____ .. ~ __ . _____ .... ________ 25-90 
Sandy shale ... _____ .. _ ... _________ .... _____________ . ________ .. __ ______ .. _____________ .. ___ . _________ ........ ______ 90-105 
Shale .... _ .. ___ .. _ .. __ .. _ .. _ ....... _ .... _ ........ _ ........ __ .. _ ....... __ .. _ ........................ __ ... __ ............... 105-142 
Brown sand, water flow ...... __ .. ______ .. __ .... ____ ........ __ .. _ ...... _ .. _ .... ___ ........ __ .. _ .. ___ .. ____ 142-150 
Lime .. __ ............ ___ .... _ ........ _ .. ____ ........ _ ........ _ ........ ____ ........................................ __ __ .. 150-165 
Shale .... _____ .. ____________________________ .. ___ ...... ________ ______ .. _ .. ____ .. _____ .. __________ ______ .. ________ __ __ .... 165-213 
Lime ___ .. _ .... _ ...... __ ..... ___ ... _____ ._ .... __ .... __ ...... ___ .. ___ ._. ____ .. ___ : .. ___ __ ___ ____ ____ ... ________ .... ____ .. 213-280 
Shale, cavy about 300 feet .. ___ .. _ .. _ .. __________ .. _____ ____ __ .. __ .. __ _______________ ... ___ : ____________ 280-315 
Lime _ ... __ .. __ .. ____ .... ___ .. .... ____ ... _____ ........... ___ .. __ .. _____ ............ _ ....... _ ..... __ .................. __ .. 315-320 
Lime and shale ____ ................ __ .................. __ .......................... __ ........ ____ ................ 320-335 
Lime ... ___ ... ___ .. __ ._ .. ______ .. ___ ... _ ... ___ ......... ____ .... __ __ ......... _ .... _______ .. _ ...... _ ..... _ .. __ : _____ .... 335-555 

Kinderhook shale (140 feet thick; top 88 feet above sea level)-
Shale .......... ______ .......... :_ .... ________ ..... ________ .. _._ ..... ________ ___________ ___________ .. __ ... ____________ 555-622 
Broken lime .... __ ............ , ...... _ ............ _ .. _ .. ________ .... ____ .............. _......................... 622-661 
Shale ____________________ .. __ _____ .. ______ .... __ ...... __ .. _ .. ___________ ........ __ .... _ .... _ ................ _....... 661-695 

Devonian, 'and Silurian (') (15 feet thick; top 52 feet below sea level): 
Lime ____ .. ______ .. ____ .... __ .. ______ ... _ ......... ______ ................ _ ............ ____ ..... _______ ._ .... __ ... ______ .. 695-120 
Lime and shale .............. _______ .. _._. ___________ .... ______ . ______ .. _______ .. __________________________ .. __ 120-125 
Lime ... _ ................. _ .. _ ..... _-' ____ ... _ ... _ .. _. __________ .... _________ : ________________ .... __ . ____ .. _______ :_______ 125-110 

Ordovician: . , 
Maquoketa shale (55 feet thick; top 121 feet below sea level)- • 

Shale _____ ... ______ . _______________________ . _____ .: __________ . _______ . __ . _____________ .. __ .. ___ .... __ ..... ___ .. __ . 110-825' 

Galena· Platteville (411 feet thick; top 182 feet below sea level)-
Lime _______________________________ . _____ .. __ .. ___ . _________________ _____ ___ __ ____ _________ . __ ._. __ . _________ . __ 825-835. 
Shale _. __ . __ _ .. _. __ . ______ .... __ .. __ . _____ ._. __ .. _________ . ____ ._ ... _____ .. ____ ........ _.c .. _-' ••••• _____ ....... _· 835-845 
Sandy lime ___ . ___ .. _____ .. ____ .... ______ ... ____ . ___ .. ____ .. ____ ._ .. _ .. ____ . ____ ..... _____ ........ __ .... _.,. 845-855 
Shale .... _ .. :_ .. _ .. __ .... : .................. __ ._ .. _______ ..... _ .... ___________ . __ ._ .. ____ .. __ ... ____ ... _ .... ____ 855-810 
Lime ....... _ ... _ ........... _ ... i ..... _ ..... , ------.. -.. -.... , ...... --_. ___ •. _ ..... _____ .. _____ .. __ .•••.. ________ 810-815 
Shale __ .. ______ ....... _ .. ___ . ____ .. ___ .. _ .. __ ... __ : ... _. ______ .... ___ . ____ ... __ _______ .. ____ .. _____ .. _ .. _ ....... _ 815-900' 

. Lime ___ .. _ ........................... _____ ... : .. ___ :.: ....................... _ ...... ___ .. __ ........ _ .. _ .. _ .. __ .. 900-955 
Sand .. __ .. ______ ... _ ........... __ . ___ . ___ .. _ .. ____ ..... __ ..... ___ ...... _ .. ____ ...... _________ .. __ .......... _ ... 955-910 
Hard lime ... _ .... ___ .:. _____ ..... _ .. _ .. _ ........ _ ..... __ ... ____ .. __ ..... ___ ... _ ................ _._ ... ____ .. 910-993 
Blue shale __ .. __ ... _ ......... _ .. _____ . __ __ .... __ .. __ . __ .. _ ..... __ ..... __ ............ _. ________ .. _. __ ..... ___ .. 993-991 
Hard , creviced lime ...... _ .. __ ............ _, ..... __ ... ___ ; .. __ . __ .. ~_._ ...... _ ..... : ... _._ ....... __ ____ '991-1010 
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Lime ' ........ : ... l ••••••••••••••.•••••••• l •••••••••••••• : ••••••••••••••••• 1 ••••• ,.: •••••• : ••••••• _ •• , •••••••••••• • 1010-1090 

~:ri~Y. .~~.~.~ .. :::::::::::::::::::::::::::::::::: :::::::::::: :::::::::::::::::::::::::::::::::::::~:::::.:::::::::~~iti~~~ 
. Sandy lime ................................... ~ ................•........................ _ ................ 1120_1180 

Sand ............................. _ ............................................................................. 1180_1200 
, Blue shale ........................................ : ........... : ........ l: ............. ~ ..................... 1200_1205 

Soft sand ...... : .................................. - ................ , ...........................• ............ 1205-1242 
Glenwood shale (10 feet thick; top 599 feet below sea level)-

Shale ' ........................................................... ;., .................... , ......................... 1242-1252 
, Saint Peter sandstone (43 feet thick; top 6,09 feet below sea level)-;- , , 

White sand ............. l ................ -' ................................................................. 1252-1295 
Prairie du Chien-

Shakopee (185 feet thick; top 652 feet below sea lev.el)-
Lime ....................................................... : .. : ................................... ; .... :1295-1325 

. Sandy lime .................................................................................... , ..... 1325-1480 
New Richmond (55 feet thick; top 837 feet below sea level)-

Sand ........................ : ........ , ........ : ... : ...... .' .. : .................................. , ......... 1480-1535 
Oneota (247 feet thick; top 892 feet below sea level)-

Sandy lime .............................. : ......... : .... :.: ........................................... 1535-1635 
Lime .......................... _ ................... , .•............. _ ................................... 1635-1645 
Sandy lime ................ : ......................................................................... 1645-1655 
Sand ................. ~ ..................................... :.: ......................... : ......... :.: .... 1655-1665 
Lime ......................... , ...... , ................... , ... , .. , .. ,-.................................... 1665-1680 
Creviced lime ...................................................................................... 1680-1730 
Sand ...... :; .. : ...... : .. , ... : ...... , ...... :., ...............•.. :J., .. : ....•............ :.~ .............. 1 '130-17 40 

Cambrian: 
Lime .. , ...... ; ................................... , ...................................................... 1740-1782 

Jordan (lQO feet thick; top 1139 feet below sea level)-
Sandy lime ................................................................................................ 1782-1795 
Sandy lime ............... : ................................................................... : .............. 1795-1803 
Big 'flow ...................................................................................................... 1803-1805 
Lime ............................................... : ................. : ......................... : ................ 1805-1845 , 
Sandy lime .: ........ :: .......................................... : ........................................... 1845-1872 
Soft ,sand ..................................................................... _ .............. , .............. 1872-1882 

Saint Lawrence--
Trempealeau dolomite of the Saint Lawrence (penetrated 177 feet; 

top 1239 feet below sea level)-
Lime .. : ........ _ ...................................................... _ .... _ ......................... 1882-1930 
Lime ......................................................... .' .......................................... 1930_1982 
Sandy .................................................................................................. 1982-1992 
Lime ................... .' ................................................................................ 1992-2002 

Notes.-The geologic section at Ottumwa is based on five well 
logs, none of which is confirmed by any cuttings. There is much 
diversity among these logs, especially above the horizon of the 
Saint Peter, so that any 'interpretation is both difficult and uncer­
tain. The first heavy shale, assigned' to the Kinderhook, is re­
ported in the M6rrell well no. 5 at 88 feet above, sea level and 140 
feet thick; in well no. 1, at 123 feet above sea level and 185 feet 
thick; in well no. 2 at 37 feet above , sea level and 102 feet thick. 
In the well of the Artesian W ell Co. the first heavy sJ:tale' is sai9, 
to have been found at 219 feet above sea level and to be 160 feet 
thick.'"' 

* Norton, W. H., Iowa Geol. Survey, vol. XXI, pp, 735·';'38. 
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The Maquoketa shale is not represented in the logs of the 
Art~sian Well Co. arid of Morrell well no. 1.. In the log of the 
Morrell well no. 4 it appears as heavy shale extending from 137 
to 307 feet below sea level, thus including strata assigned to the 
Galena in the log of well no. 5.. The interpretation of well no. 5 
is conser"vative as to the lower limits of the Maquoketa, which 
perhaps in fact includes some of ·the upper shaly beds placed 
with the Galena. 

Th.e same conservatism in interpretation limits the. Saint Peter 
to the" white sand" at 609 feet below sea level which is overlain 
with a shale taken to be the Glenwood.. In this and other logs 
we may discriminate between "white sand" and "sand", "sand 
rock", "sandy lime", or" lpnestone mixed with sand". As the 
latter terms are applied in the Ottumwa logs to beds high up in 
the Galena as well'as to beds near its base they" probably are used 
. to designate the crystalline sand to which the Galena dolomite 
often crush~s. This use by drillers is well known, as in the log 
of the well of the Electro-Metals Co. of Keokuk. On the other 
hand, if the term "sand" in the above log is consistently inter­
preted as sandstone, the Glenwood formation becomes of inter-
esting and extraordinary complexity, with a thickness of 397 feet. 
. The Prairie du Chien is normal, but the horizon of the Jordan 

. sandstone does not show any clear sandstone of considerable 
thickness, and the assignment is· here quite uncertain. The heavy 
"lime" beginning at 1882 feet is probably the top of the Trem­
pealeau. Well no. 4 of the Morrell Co. extends 203; feet below the 
footing of well no. 5, but it can not be ' told from the log whether 
or not the Eau Claire was reached. At these levels. sandstones 
of ,microscopic grain cutting into chips are apt to be termed 
"lime". 

OXFORD, JOHNSON COUNTY 
(.tI.ltitUde 736 feet) 

In July, 1925, a well 586 feet deep was completed for the town 
of Oxford (Joh~son county) by Chas. D. Nolan of Cedar Rapids. 
Ten inch casing extends to ]56 feet and 8 inch casing "for 145 
f.eet", the remainder of the well being uncased. A flow testing 
3 gallons per minute was found at 305 feet in "sand rock". The 
main flow comes from 450 to 586 feet, probably in Niagaran lime­
stone. . The head is 62 'feet below the curb and 'Yith the cylinder 
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at 125 feet the pumping capacity is 75 gallons per minute. The 
cost of the well was $3300. 

Driller!s Log 

DEPTH IN FEET DEPTH.IN FEET 

Blue clay and sand .................. 0-156 Rock .............................................. 290-586 
Lime, soapstone and shale ...... 1~6-290 Shale .......... , ..... ~ ..................... :..... 586 . 

The driller reports also a second city well drilled at the same 
time as well no. 1 and 12 feet distant, apparently of the same di­
mensions, but not so strong a flow. 

PLEASANTVILLE, MARION COUNTY 
(Altitude 9f6 feet) 

A well 1826 feet in depth was drilled in 1920 for the town of 
Pleasantville by the Thorpe Brothers Well Company of Des , 
~oines. . 

The well is cased , with 10 inch pipe to 135 feet. Eight inch 
casing reaches from the top to 348 feet, 6 inch casing from ' 340 ' 
to 1460 feet and 4 inch from 1400' feet to the bottom. The casing 
was perforated from the bottom up for 120 feet, and above the 
perforations were set two disc and two compression packers, 
sealing all lines completely from the surface to 1706 feet, and 
permitting only the water below the latter depth to enter the well. 

Water was encountered at 328 feet at the top of the Mississip­
pian with a flow of about 23 gallons per minute and of poor qual­
ity. Another water bed was found at the base of the Silurian 
from 1100 to 1190 feet. The chief water beds, apparently in the 
Saint Peter, the upper 40 feet of the Shakopee, and the lower 54 
feet of the Galena-Platteville, on final test supplied 70 gallons 
per minute. The static level of this water is 180 feet below the 
curb. 

Driller's log .of Pleasantville ' City well 

'THICKNESS 

Glacial deposits ........................................... . 
P~nD;sy!val!-ian ~hales ................................... . 
Mlsslsslpplan hme ....................................... . 
Kinderhook shale .......................................... ' 
Devon.ian and Silurian ..... _ .......................•... 
Maquoketa shale ................. _ ...................... . 
Galena and Platteville ................................. . 
Saint Peter sandstone ............................... . 
Sandy lime (Shakopee) ............................... . 

* Added by W. H. Norton. 

IN FEET 

135 
190-
351 
127 
387 
231 
339 

26 
40 

ELEVATION OF' TOP 
DEPTH ABOVE SEA LEVEL 
, IN FEET IN FEET* 

0-135 926 
135-325 791 
325-676 601 
676-803 250 
803-1190 - 123 

1190-1421 -264 
1421-1760 -495 
1760-1786 -834 
1786-1826 ' -860 

• 
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,N otes.-The above log with the assignment to for'mations as 
given by experienced drillers is so reasonable that it is accepted 
although unconfirmed by samples o~ cuttings and even though it 
involves the assumption of either ' an unexpected upfold or the 
practical absence of dip from at least as' far east as Pella. In 
thickness and elevation of the different formations, the Pleas­
antville section nearly duplicates that at Pella, ' and the summit 
of the Saint Peter is but 1.7 feet lower at the former than at the 
latter point. Normally in this distance the difference might eas­
ily amount to 150 or 200 feet. Thus the broad spacing of the 
contours (see map, Plate I) shOWIng the elevation of the 
summit of the Saint Peter, l<;mg k:~lOwn to exist in southeast 
Iowa, is now carried considerably farther to the west., If an up­
fold exists in this area it probably is a: continuation to the south­
southeast of the Am'es' anticlin.e. And if the .elevation of the 
Saint Peter at Pleasantville is but 834 feet below sea levE;ll~ there 
must be an unusually steep descent to the bottom of the Des 
Moines syncline, since at Des Moines the Saint Peter lies some 
300 feet lower. 

Mineml Content of City Well, Pleasantville" 

P.P.M. 
Bicarbonate ............................•...................................... : ..... 300,1 
Chloride .............................................................................. 132. 
Sulfate ................................................................................ 579.8 
Silica ................................................... _............................. 12.4 
Fe,O.+Al,O, ..................... _ .......................................... _... 7.4 

~~~~e~i~ .. ·:::::::=:::::::::::::::::::::::::::::::::::::::::::::::::::':::::::::::: 1~~:~ 
Na + K as Na ..................................................... _ ......... 231.7 

Total solids .................................................................. 1258.3 

PRESTON, JACKSON COUNTY 
(Altitude 659 feet) 

The deep well of the Preston Water Company was drilled in 
1922 by Thomas James of Shullsberg, Wisconsin. The depth is 
989 feet and the diameters are from 10 to 5 inches. The principal 
supply was found from 900 to 989 feet in the Jordan sandstone. 
Water rises within 19 feet of the surface and the pumping capa­
city of the well is 75 gailons per minute with the pumping cylin­
der set 145 feet below the curb. 

• Analysis by Dr. Harry F, Lewis, Chemical Laboratory, Cornell College, 'Mount Vernon, 1927, 
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A full set of cuttings from the well 'were saved, but unfortun· 
ately were soon destroyed. A blue print, however, which had 
been 'made by ·J. G. Thorne 'of Clinton, Engineer in charge, had 
a better' fate and from it the following log is taken, with the' 
elevations ' relative to sea level added: 

Driller 's Log 

DEPTH IN FEET 

Maquoketa shale ...........................•......................... 0-120 
ELEVATION OF TOP 

61)0 
Galena to Platteville, inclusive ............................ 120-470 
Blue shale (~lenwood) ........................................ 470-490 
Saint Peter sandstone .......................................... 490-530 
Red sandstone .......................................................... 530-743 
Red ,sandstone .......................................................... 743-760 
Red shale .................................................................. 760-763 
Red sandstone .......................................................... ' 763-803 
Clay and sand ........................... _ .......... _............... 803-813 
Red sandstone ............................... _......................... 813-887 
Clay and sand ... _.................................................. 887-895 
Hard blue clay ........................................................ 895-897 
White sand ................................... _... ...................... 897-903 
Jordan sandstone .................................................... 903-989 

Mineral Content of City Well, Preston* 
P.P.Y. 

Bicarbonate ............................. _ ......................................... 370.9 
Chloride ... _......................................................................... 15. 
Sulfate ...................................................................... :......... 51.6 
Silica ............. ~ ................. _................................................. 7.6 
Fe,O.+AI.O. ...................................................................... 19.0 
Calcium .............................................................................. 58.9 
Magnesium ........................................................................ 17.8 
Na + K as Na .................................................................. 20.3 

Total solids .......................................................... : ....... 375.6 

RHODES, MARSHALL COUN.TY 
(Altitude 1011 feet) 

540 
190 
170 
130 

-237 
-243 

.A well for the public supply of this town was drilled in 1914 
by E. A. Ford of Marshalltown. The depth is 300 feet, the diam· 
eter is 8 inches. The well ends insand 95 feet thick after passing 
through 205 feet of clay. It has been sufficient for the consump­
tion of the town, which averages 5000 gallons per day. 

RIPPEY, GREENE COUNTY 
(Altitude 1068 feet) 

The well of the ' Rippey waterworks, completed early in 1922 
by Thorpe Bros. of Des Moines, is 1770 feet deep. · The pumping 
capacity is rated at 60,000 g.p.d., five ,times as much as the' con-

* Analysis by Dr. Harry F. I,ewis, Chemical Laboratory, Cornell College, Mount Vernon, 1927. 
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sumption of the village. The diameters are 12 inches to 161 feet, 
10 inches to '230 feet, 8 inches to 713 feet and 6 inches to the bot~ 
tom. The total amount of 'casing 'is 1058 feet, placed as follows: 

, 10 inch from top to 161 feet, 8 inches from 150 to 250 feet, 6 inch 
from 200 to 712 feet, and liners from 645 to 741 feet, from 1150 
to 1237 feet, from 1337 to 1491 feet,and from 1640 to 1728 feet. 

Reoord of strata 
DEPTH IN FEET 

No record _______________ ___ __ ________ ________________________________________________________________________________ 0-152 

Pennsylvanian (minimum thickness, 98 feet; top (f) 912 feet al;>ove sea 
level) : "Limestone" ________________________________________________________________________________________________________ 152-153 

"Black shale and slate" _________________________________________________ : __________ \ ____ ________________ 153-169 
"Coal" _________________________________________ , ______________________________ _________________ ________________________ 169-171 
"Slate and black shale" _______________________________________________________________________________ 171-182 
"Fire clay" _: _______ : _______________________________________________________________________________________________ 182-190 

, "Green and blue shale" __________ ______________________________________________________________________ ____ 190-227 
," Hard pan" __________ ___ __ __ ___________________________________________ _____________________________ ________________ 227-230 

Mississippian (385 feet thick; top '834 feet above sea level): ' "Brown limestone" ___________________________________________________________________________________________ 230-250 
Shaly limestone ____________________________ __ __________________________________________________________ __________ 250-292 

, 'Gray shale" _______________________________________________________________________________________________________ 292-300 
, 'Shaly limestone" _____________________________________________________________________________________________ 300-390 
"Hard blue limestone" ______________________________________________________________________________________ 390-405 
, , Mar I' , ____________________________________________________________________________________ ________________ '___________ 405-430 

Limestone, drab, rapid effervescence in cold dilute HCl; much chert, drab and white ________________________________________________________________________________________ 422 
Chert, gray and wliite; chips of vein quartz; some pyrite ____________ : ___________ 442 
Limestone, dark gray, fine crystalline and crystalline-earthy, rapid 

effervescence; in flaky chips; 2 samples _____________________________________________ 465,476 
Limestone, dark gray, saccharoidal, vesicular, rapid effervescence; some 

gray chert; 3 samples ____ __________________________________________ _______________________________ 487-496 
Limestone, dark blue-gray, fine-saccharoidal, vesicular, considerable 

chert at 510, 514, 519; effervescence rapid; 4 samples __________________ 505-519 
Chert, light blue-gray; some limestone as above ______________________________________ 522 
Limestone, dra,b, fine crystalline-granular, argillaceous, rapid efferve-

scence; much blue-gray chert; 3 samples ____________________________________ ________ 527-537 
Limestone, buff, subcrystalline, rapid effervescence ________________________________ 545, 550 
Limestone, buff, pyritiferous, effervescence rapid; much clear quartz in 

minute irregular grains ________________________ ____ __ _______ ___ ___________________ ______ _________ 556 
No samples "limestone" ______ : _____________ ~ __________________________________ : __ __ _______ ___________ 556-570 

"Shale" _______________________________________________________ ________ _________________________________________________ 570-615 
Devonian (155 feet thick; top 419 feet above sea level): ' 

Shale, dark green and drab, hard, in flakes; limestone, gray, efferve­
scence rapid; limestone, buff, effervescence slow; quartz in small 
chips; chert I red sandstone in friable chips of poorly , rounded 
grains and minute angular particles <>f clear quartz _________________________ 715 

Limestone, light gray and whitish, effervescence rapid, in sand; a little 
:fissile light blue-gray shale in flakes, calcareous ________________________________ 750, 760 

Silurian (350 feet thick; top 264 feet above sea level) : 
Dolomite, light gray, in fine crystalline sand _____________________ ~ _______________________ 770, 780 
Dolomite, yellow- and blue-gray, subcrystalline; limestone, lighter col-

,ored, rapid effervescence ______________________________________________________________________ 790,800 
Dolomite, dark buff, sub crystalline ; light gray shale _______________________________ 810 
Dolomite, light yellow and blue-gray, Bubcrystalline, rather slow and 

slow effervescence; 8 samples ______ • _________ __ ______________________________________________ 820-890 
Dolomite, brownish mottled, a little white gypsum ___________________________________ 900 
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Dolomite, buff and brown, in sand, also in chips at 910; 4 samples .... 910-940 ' 
Dolomite, blue 'gray ... _ .. _ ............................ _ .......................................... _ ....... 960, 970 
Dolomite, light buff, sub crystalline ......................... _ ................ _ .... __ .. _ ..... 980, 990 
Gypsum, white. in hard concreted masses; somewhat calcareous ........... , 1000 
Limestone, buff and gray, moderately' rapid effervescence; 3 samples .... l0l0-1030 
Limestone, brown, or dolomite, rather slow effervescence .............. r........ 1040 
Limestone, buff, effervescence rather slow; limestone, buff, rather rapid 

effervescence ............................. : ............... _............................................... 1060 
Gypsum, gray, in hard concreted masses; some broWnish limestone .... 1070 
Limestone, light buff, moderately rapid effervescence, very fine· grained, 

in flakes; a little gypsum in white grains ......... ,.................................. 1080 
Dolomite, gray, ,effervescence rather slow; much gypsum in concreted 

masses and in detached grains and small chips; 3 samples ._ ......... 1090-1110 
Dolomite, light yellow·gray, much white chert ... _ .................... _................. 1120 

Ordovician: , ' 
Maquoketa (150 f eet thick; top 66 feet below sea level)-

Limest,one, blue· gray, highly siliceous; shale ......................... : ........ .-... 1130 
,Limestone, as above; chert, blue·gray .................................................. 1140 
Shale, blue· gray, calcareous, plastIC .~ .............. , .................................... 1168,1224 
Limestone and chert as at 1140; 3 samples ....................... _ ............... 1230-1250 
(Sandstone, very fine, light gray in mass; hard dark green fissile 

shale; general facies of St. Peter, probably misplaced .............. 1260) 
Galena·Platteville: 

'Chert, white; a little gray dolomite, no quartz sand or green shale 1280 
Dolomite, light buff; in fine sand ............................. _......................... 1300 
Chert, light drab; dolomite ......................................................... :.......... 1310 
Dolomite, buff and gray, much white chert ....... _ ............................... 1330, 1340 
Dolomite, buff, in sand; gypsum in grains ........................................ 1350, 1360 
Shale, light blue· gray, calcareous, in moUlded masses ...................... 1362-1368 
Dolomite, buff, in sand, rather slow effervescence ... _......................... 1370 
Gypsum, in concreted gray masses with some dolomite .................... 1380 
Dolomite, buff, effervescence rather slow, disintegrating under 

. weak acid into microscopic crystalline particles ........................ 1390 
Limestone, dark blue· gray, rapid effervescence .................................... ' 1400 
Dolomite, gray and buff, cherty at 1430, 1440, 1460, 1470, 1550, 

1570, 1580, 1600; 22 samples ... _ ................................................... 1410-1660 
Limestone, gray, in flakes and sand, rapid effervescence, earthy .... 1670, 1680 

Glenwood (30 feet thick; top 626 feet below sea level) : 
Sha1e, dark blue· green, fissile, with rusty specks from oxidation of 

pyrite, slightly calcareous; much gray and brown limestone 
in sand, efferve~cence rapid; 3 samples ........................................ 1690-1710 

Saint Peter (48 feet thick; top 656 feet below sea level) : 
Sandstone, fine rounded grains, much shale as above ........................ 1720 
Sand~tone, as above, clean, larger grains 'up to 0.7 mm. in diam· 

eter ....................................... _ .................................... :.......................... 1734 
Sandstone as above, finer ............. _ .............................................. _ ........ _. 1745 
Sandstone as above, larger grains 1 mm. diameter; considerable 

green shale ..................................... : ................... , ..... ,.......................... 1750 
Sandstone as above; 2 samples ......... : ...... : ............................................... 1755, 1765 

Prairie du Chien- " . 
Shakopee (entered, top 704 feet below "sea level) : 

Gray dolomite in fine sand and much quartz sand liS abov-6...... 1768 

Driller's Log 
DEPTH IN FEET DEPTH IN ' FEET 

Given in Record of strata ........ 0-430 Shale ........................... :.: .............. 1362-1387 
Hard blue limestone .................. 430-440 Limestone ............. _ ..................... 1387-1685 
Limestone ......... _ ...... _ ............. _ .. 440-570 Shale ....................................... _ ... 1685-1688 
Shale ............................................ 570-615 Limestone .................................... 1688-1723 
Limestone .................................... 615-1168 St. Peter sandstone .................... 1723-1766 
Sandy shale ................................ 1168-1224 Hard limestone .......................... 1766-1770 
Limestone ......................... ~ .......... 1224-1362 
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Mineral Cont.ent of City Well, Rippey* 
P.P.M. 

Bicarbonate .......................................................... : ............. 317.2 
Chloride ....................................... , ...................................... 110: 
Sulfate ............................................................ c •.•••••••••••••••••• 729.0 
Silica ............................................................................. ,..... 3.S 
Calcium .............................................................................. 153.4 
Magnesium ........................................................................ 71.0 
Na + K as Na ......................... : ......................... : ............ 214.9 

Total solids .................................................................. 1462.7 

RIVERSIDE, WASHINGTON COUNTY 
(Altitude 631 feet) 

This well has a depth of 565 feet and its diameters are from 10 
to 6 inches. It is cased within 320 feet of the bottom. When 
tested it pumped about 40 gallons per minute. 

Recor.d of strata* 
DEPTH IN FEET 

Pleistocene: 
Clay and black dirt ....................................................................................... . 
Sand, very fine, gray, clean; "quicksand" of driller ..............................•. 
Sand, fine, gray, with small admixture of clay; "blue clay" of driller 
Clay, yellowish, very smooth and sticky; "clay" of driller .... , .............. . 
Sand, gray, fine, some small ma~se~ of blue clay, a: little lime present 

0-24 
24-30 
30-S0 
80-110 

shown by effervescence with aC.id; "sand" of driller ...................... 110-235 
Mississippian: 

Kinderhook: 
Clay, light blue, very fine and smooth, no grit; "soapstone" of 

driller ........................................................... : ...................................... 235-410 
Devonian and Silurian: . 

Limestone, in small chips, mL~ed with sand, clean clear quartz and other 
materials. Sand in excess in ~ample; "rock" of driller .................. 410-455 

Limestone in fine sand, with quartz sand in about equal proportions, ~or 
perhaps an excess of limestone; "rock" of driller .......... ~ ............... 455-500 

Limestone, in very fine sand and mingled with fine quartz grains; 
"rock" of driller .................................................................................... 500-565 

SEYMOUR, WAYNE COUNTY 
(Altitude 1066 feet) 

. The following log of a diamond , drill prospect hole put down 
for oil at Seymour in 1926 is furnished by the drillers, the Sulli­
van Machinery Company of Chicago. The assignment to forma­
tions is by the' writer. 

DEPTH IN 
') FEET AND INCHES 

Pleistocene, and Recent (152 feet thick; top 1066 feet above sea level) : 
Soil ................................................................................................................ 0 
Yellow clay .................................................................................................. 2 
Blue clay ...................................................................................................... 15 

• Analysis by Harry F. Lewis, Chemical Laboratory, Cornell College, 1927. 
* By Dr. James H. Lees, Asst. State Geologist. 

- 2 
- 15 
- 18 
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Fine sand ...................................................................................................... 18 
Hard pan (glacial tilU) ....................................................... _ .... _ ............. 20 
Fine sand ......................................... _......................................................... 45 
Hard pan (glacial tilU) ............................................................................ 49 
Gravel ............................................................................................................. 59 
Hard pan (glacial till f ) ............................................................................ 63 

Pennsylvanian (490 feet, 10 inches thick, top 934 f eet above sea level) : 

317 

- 20 
- 45 
'- 49 
"'" 59 
- 63 

. -132 

Gray shale ... _ .......................................................................................•... : ... 132 - 139· 6 
Shaly limestone .......................................................................................... 139· 6-147 
Gray sticky shale ... _ ................................................................................... 147 -150 
Red and gray shale .................................................................................... 150 -154· 6 
Gray sandy shale .......................................................................................... 154· 6-172 
Shaly limestone ............................................................................................ 172 -174 
Blue sticky shale ... , ................................................................ , ..... : ............. 174 -187 
Gray shale .................................................................................................... 187 -190· 6 
Dark shale ... _ ............................................................................................... 190· 6-191· 4 
Coal ........ : .......................................................................................... _ .. _ ....... 191· 4-192· 9 
Bone ......................................................... _ ................................................... 192· 9-192·10 
Coal ....................................................................................................... _ ....... 192·10-193·10 
Fire clay ............................................................................ : .......................... 193·10-195· 4 
Shaly limestone .......................................................................................... 195· 4-201· 6 
Gray shale ..... _ ........................................................... · .................................. 201· 6-218 
Dark shale ........................ : ......... : ................................................................. 218 -222 
Soft sticky shale ......... ~ ..... : ........................................................................ 222 -228 
Shaly limestone ............................................................ : ................................ 228 -229 
Sticky shale .................................................................................................. 229 -240 
Dark sbale .................................................................................................. 240 -243 
Gray sticky shale ...................................................................................... 243 -244 
Sticky shale ................................................................................................. 244 . -259 
Sandstone ....... _ ............................................................................................. 259 - 300 
Shale .................... : ................................................... : ..................................... 300 .-301 
Sticky shale ............... _ .............. _ ................ _ .... _ ............ _ ........................... 301 -314· 7 
Coal ............................................... _ ............................................................... 314· 7-315 
Dark shale ......... _ .......................... , .............................................................. 315 -316 
Fire clay ...................................................................................................... 316 - 318· 2 
Shaly limestone ' .......................................................................................... 318· 2-319· 4 
Sticky shale ................................................................................................ 319· 4-324· 4 
Conglomerate ................................................................................................ 324· 4-325· 7 
Sticky shale ................................................................................................ 325· 7-328 
Black shale .................................................................................................. 328 - 338 
Blue shale ........... _ ................................................... _ ......... ~ ........................ 338 -346· 2 
Coal ................................................................................................................ 346· 2-346· 8 
Lime shale with pebbles ............................................................................ 346· 8-355 
Shaly limestone .......................................................................................... 355 - 360· 8 
Sticky shaJe ........................................... _ ................................................... 360· 8- 361·11 
Coal ................................................................................................................ 361·11-362· 5 
Dark shale ....................................................... : ............................................ 362· 5--362·10 
Sticky shale .................................................................................................. 362·10-371· 8 
Shaly limestone ............................................................................................ 371· 8-373 
Sticky shale ....... _ ............ _ ................ _ .... _ .. , ................................................ 373 -381 
Sticky shale, lime bands .......... : ................................................................. 381 . -387 

~~~;ysh~~:l~ ... ~~~~~~~~~~~~~=~~~~~~~~:~~~~:~~~~:~::::~~~:~~~~~~~~~~~:::::::~::::::::::~~:~~~~~~~~~~~~~~~~~~::~:g~ . =:~~. 3 
Coal ............... _: .............................................................................................. 396· 3-396· 4 
Dark shale .................................................................................................. 396· 4-398· 6 
Shaly limestone .......................................................................................... 398· 6-402·10 
Limestone ................................................................ : ..................................... 402·10-407·10 
Sticky shale ............................................................................................... : .. 40·7·10-412 
Sticky shale, gray ........................................................................................ 412 -423 
Sandy shale ................................................................................................ 423 -425· 6 
Dark shale ................................ : ................................................................. 425· 6-437· 4 
Bony coal ............................. ." ........................................................................ 437· 4-437· 8 
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Sandy shale ................................. _ ............................................................... 437· 8-438 
Sticky shale ................................................................................................ 438 -447 
Shaly limestone ....................................................... : ........ ~ ........................... 447 -452 
Sticky shale .......... , ...................................................................... :.. ............... 452 -459·10 
Black sh!J.le ......................................................................................... : .. : ..... 459·10-463·11 
Sandy shale ... _ ............................................................... ; ............................. 463·11-481 
Sandstone, shale streaks : ... : ............................................................•........ 481 -486· 6 
Sandstone and coal, mixed ...................................... : ................................. 486· 6-487·10 
Sandstone ................................... _ ...... _ ...... _ ................................................ :487·10-496· 2 
Coal .................................. .1 •••••••• • ••••••••••••••••••••••••••• ••••••••••••••• ••••••••.•••••••••••••••• 496· 2-496· 8 
Fire clay ........................................... _ .............. _ ................ _ .. : ........... _ ...... .496· 8-499· 4 
Dark shale ..................................... _ ................................................ _.~ ......... 499· 4-509· 4 

, :~Z ~~~~;t~~~··~~·.·.·.~~~~=:::~~~~~~::::~::::::::::::::::::::=::::::::::::::=::::::=:::::::::::::::::::~~i: t~i~' 9 
Dark sticky shale ............ : ........................................................................... 517 -535· 9 
Coal ......................... : ....................................................................................... 535· 9-536 

< Soft sticky shale ............................ : ............................................................. 536 -538· 5 
Coal ................................................................................................................. 538· 5-539"2 
Sandstone ...................................................................................................... 539· 2-540 
Limestone .................................................. _ ................................................... 540 -544· 5 
Shaly limestone ............................................................... _ ........ _ ............... 544· 5-548· 9 

. Bony coal ..............................•..................... : ............ _ ................................. 548· 9-549· 4 
Dark shale ............................................................. : ...................................... 549· 4-551· 1 
Bony coal ....................... _ .......................................... _ .............................. _.551· 1-551· 9 
Sticky shale .......................... : ....................................................................... 551· 9-560· 4 
Limestone .......................................................... : ...............•................ _ ......... 560· 4-563· 1 
Dark shale ................................... , ................ , ................................ : ............... 563· 1-568 
Sandy shale ................... : ............................................................................... 568 -590 
Sandstone ....................... ~ .............................................................. : .............. 590 -614· 7 
Dark shale ........................................................... _ ....................................... 614· 7-617·11 
Sticky shale .................•........... :., ................................................. : .............. 617·11-621· 3 

. Sandstone ........................................... _ ........•................................................ 621· 3-622·10 
Mississippian (penetrated, 377 feet, 2 inches; top 443 feet above sea 

Jevel) : 
Hard limestone .................. , .......................... ~ ............................................. 622·10-624 
Shaly limestone ..................... _ ..................................................................... 624 -633 
Sandstone ........................................................... _ ......................................... 633 -643 
Limestone ............................................. , .....•.................................................. 643 -644 
Sandstone and lime mixed ....... _ ........ _ .............................. _ .................. , .. 644 -680 
Limestone ................ : ..................................................................................... 680 -694 
Lime shale ......................................................................... :~ ......................... 694 -728· 3 
Limestone ..... : ............. , ..... ~ ....................... _ ........ _ .......... _ .................... _ .. _ ... 728· 3-730· 9 
Lime shale .. :_ ................................ _ ............................................................. 730· 9-732·' 5 
Hard limestone ............................................................................................ 732· 5-736 ' 
Broken limestone ....................... _ .................................. _ ........................... 736 - 746 
Soft . shale .................................................................................................... 746 -747 
Limestone ... _ ...................................... _ ......................................................... 747 -748· 4 
Shale ........................................................................ : ..................................... 748· 4-749· 9 
Limestone ..................... : ........................................................................ ; ....... 749· 9-750· 6 
Shale ................ : ............................................................................................. 750· 6-751· 4 
Limestone ... _ .............................. : ......................................................... _ ....... 751· 4-754· 8 
Hard limestone ................................... _ ..................................................... 754· 8-774· 2 
White quartz ............................................ ~ ........ _ ....................................... 774· 2-774· 6 
Lime shale ............................... _ ................................................................... 774· 6-775· 2 
White quartz ................................................................. ~ .............................. 775· 2-775· 5 
Lime shale ....................... _ ................................................ ~ .......................... 775· 5-779·11 \ 

~!e l~~~tz .. ::::::::::::::::::::::::::::::~::::::::::::::::::::::::::::::::::::::::::::::::::=:::::::::::::~~~:1t~~~: ~ 
White quartz ..................................................... _ ........................................ 780· 9-78'1· 1 
Lime shale ................. _ ................................................................................. 781· 1-782· 8 
Hard limestone ....... _ ................................................................................... 782· 8-783· 8 
Lime shale ............................... _ ................................................................... 783· 8-784· 4 
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. Hard limestone ................................................................ : ............................ 784· 4-785· 6 
Lime shale .................................................................................................... 785· 6-786· 6 
Lime and white quartz ......................... ..: ................................................... 786· 6-788· 4 
Lime shale mixed ........................................... _ ........................................... 788· 4-789· 9 
Hard limestone ..... : ...................................................................................... 789· 9-807 
Hard chert ............................... _ .......................................................... _ .. _ ... 807 -808 
Chert .............................................................................................................. 808 ' -809· 3 
Hard limestone ................ : ................ _ ........... ::: .............................. · ............. 809· 3-832 
Hard broken limestone ......................... __ ............................... : ....... : ......... 832 -847 
Chert _ ....................................................................................... _ ...... _ .......... ,84 7 -847· 4 
Hard broken limestone ..................................................... _.:_ ................... 84 7· 4-957 
Hard limestone ................................................................ : .......................... 957 -974 
Hard broken limestone ......................... _ ................................................... 974 -991 
Limestone ................................................. _ ............... : .... _ ............................. 991 -1000 

Arrangements had been made with the local promoters to save 
sample drillings, A few were sent to the Sur:vey office for deter­
mination while the work was progressing and these are described 
below by Dr. Lees. After. drilling stopped, however, it was iID.­
possible to learn 'anything about samples or to secure any. 

D EPTH OF SAMPLE 
FEET 

Sandstone, grains fine, clear, fairly well rounded. A few fragments of 
gray ana black noncalcareous shale. A few specks of pyrite """ """""" 647 

Sandstone, similar to above ... _............................................................................... 656 
Limestone, dark gray, very finely granular. A few clear quartz grains ...... .671 
'Limestone, similar to above but with more quartz, some in fine embedded 

grains ................................................... _ .......................................... _................. 681 
Limestone, dark gray, finely granular; and shale, gray. Some limestone 

chips are only very slightly respondent to acid ......... _............................... 690 
Shale, dark gray to black, fine texture, non calcareous ; sandstone with dolo· 

mitic cement, sand grains fine, clear, also some sandstone chips are dark 
gray or' brown ......................................................... _......................................... . 694 

Sandstone and shale mixed. Sand~tone is broken up more than in preced· 
ing sample, grains are clear but much dark material, perhaps from 

. , 

shale, imparts a dark color to the sample ......... _ .................................. :...... 699 

SHELLSBURG, BENTON COUNTY 
(Altitooe' 776 feet) 

WELL NO.1, IOWA CANNING COMPANY 

This well, 1160 feet in depth, was drilled by C. D. Nolan of 
Cedar Rapids. Footing in the Shakopee dolomite, its capacity is 
from 70 to 80 g.p.m. Tfhe static level is 30 feet below the surface, 
or 30 feet above that of well no. 2, footing in the J ornan. Ac­
count must here be taken of the fact that in w~ll no. 1 the upper 
'waters were not effectively cased QUt. 

With the air pipe at 248 feet, the draw-down was estimated as 
to 110 feet below the surface of the ground. The water is charged 
with sulphurette'd hydrogen gas and is somewhat laxative. 
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No log or samples of cuttings are available from this well. It, 
is stated that the Saint Peter was reached at 1012 feet and that 
a qsand" was found at 865 feet. In well number 2, however,the 
drill at this depth was working in clean nonmagnesian limestones 
of the Galena-Platteville. '; 

As the supply was insufficient and the well could not be deep­
ened, since 'a string of drilling tools, fishing tools and a whipstock 
had been left in it, a second well became necessary. 

WELL NO, 2, lOW A CANNING COMPANY 

This ' well, 1519 feet deep, 'Vas completed in :1928 by C. W. 
Varner of Dub~que. ' The diameters are 10 inches to 1055, feet 
and 8 inches to the bottom. The principal supply was found in 
the Jordan sandstone, from 1474 to 1519 feet. Water was found 
also from 997 to 1028 feet in the Saint Peter sandstone, and from 
1195 to 1218 feet in the New Richmond sandstone. 

The static level is 50 feet below the surface, 751 feet above sea 
' level. Until the Jordan 'sandstone was reached the head seems to 
have been apout 90 feet below curb. With the foot piece of the , 
air lift at 3'20 feet the draw down is estImated at 71 feet. The 
cost of the well was $7500. 

Record of strata, well no. 18, Iowa Canning Co., Shellsburg 

DEPTH IN FEET 

Pleistocene and Recent (50 feet thick; top 801 feet above sea level) : 
No samples ....... _ ..... ___ ._._._ .. __ ..... _ .... __ .... _ ....... _ ... _ ...... __ .. _._ ..... _ .... __ .... __ .......... ~..... 0-50 

Devonian, Wapsipinicon (140 feet thick; top 751 feet above sea level) : 
Limestone, buff and light yellow·gray, calcilutite; light buff, crystalline· 

earthy; blue'gray, ~arthy" :finely laminated, argillaceous, pyritic; 
all of rapid effervescence in cold dilute HCl; blue· gray powder of 
shale ......................... _ ..................... _._ . .' __ ..... _ ........ _ ....... ___ .. __ ........................ 50 

Limestone, buff, rapid effervescence, some earthy, in small chips; large 
chips of shale as below ....... _ ......... _ ...... __ ......... : __ .......... _ ..... __ .......... _...... 60 

Shale, light green and blue· gray, hard, highly calcareous, _rapid effer· 
' vescence, in large chips and concreting powder;' limestone, brown· 
gray, rapid effervescence ..... __ ._ ................ u ........ "._ ... __ ......... _. __ ............. 60~70 

Limestone, yellow· gray, gray and dark gray mottle,d, crystalline, rapid 
effervescence; pyrite; gray chert; light brownish unctuous shale; 
concreting powder of blue·gray shale; cinder~ .. , ... , ...... , .................. -... 70-80 

No sample ... _ .... _ ....................................... _ ... _ ............ ___ . ___ ._ ... _ ............ _.............. 80-90 
Limestone, buff gray, somewhat mottled, :fine crystalline·earthy, rapid 

effervescence, clean large flak.e~ i calcite; cinders ._............................ 90-100 
Limestone, gray, rapid effervescence; shale, blue·gray and yellow· gray 100-110 
Limestone, magnesian, or dolomitic, yellow· gray, rather slow effer· 
, vescence, c,rystalline, porous, disintegrating under weak acid into 

crystalline sand .:. __ .. _ ... ___ ,_ .... , .... : ..... ~ ..... ~ ..... __ ...... _: ... __ ............ ~ .. _ ............. 120-130 
Limestone, cream ,color, soft, fine, earthy ................. _ ..•. __ ..... _..................... 150 
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Limeston~, buff and light gray, rapid effervescence, in fine sand; shale, 
light bluish, in fine chips; quartz sand, fine to 1.3 mm. diameter, 
grains mostly ill·rounded, some well rounded, a few secondary en­
largements, some small chips of sandstone, fine, secondary enlarge-
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ments, calcareous, rapid effervescence; pyrite; shale ........................ 150-160 
Limestone, light cream yellow, calcilutite and very fine·grained, earthy, 

rapid effervescence ............. _ .... __ .......................................................... . 
Limestone, light buff· gray, fine ' crystalline· granular and earthy, rapid 

effervescence; some chips of blue·gray shale ................................... _ 
Silurian (260 feet thick; top 611 feet above sea level): 

Dolomite, buff-gray, vesicular, casts of fossils, cavities lined with drusy 
spar; facies of Niagaran dQlomite ... _ ...................................... _ .......... . 

Dolomite, buff.gr,ay and light gray" rather slow effervescence; some 
large chips of fine·grained limestone, rather rapid effervescence; 

170 

180 

190 

blue and white chert ... _ ........................................................ , .................. 200, 210 
Chert, white, gray and drab; dolomite, very light gray; one chip of 

calcite and chert; some milky quartz ................ _ ............... _ ......... " ..... 220, 230 
Chert, white; a little dolomite, light yellow· gray ; 4 samples .................. 240-280 
Chert, white and blue· gray, some pyrite; considerable quartz sand, 

rounded grains up to about 1 =. diameter; a little calcite ......... . 
Chert, etc., as above; considerable light gray dolomite ....................... _ .... . 
Chert, etc., as above; very little dolomite ................................................... . 
Chert, etc., as above; considerable very light gray dolomite; large 

chips of blue· gray and drab shale, noncalcareou1\, arenaceous with 
quartz sand of rounded grains up to 1 mm. diameter and cherty .... 

Dolomite, very light gray, some pink; chert; quartz sand; pyrite; much 

290 
300 
310 
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chert at 340 ............... _ .............................................................. _............... 330, 340 
Dolomite, gray; large irregular fragment of dolomitic sandstone of 

minute angular grains, pyritic at 360 .................................................. 350, 360 
Dolomite, blue· gray and yellow·gray; large irregular fragment of blue-

gray sandstone, minute angular and fine rounded grains, calcareous, 
highly argillaceous, pyritic ...................... _ ....... : .................................... . 370 

Dolomite, gray, light gray and drab; some white chert in small chips; 
a little quartz sand; 4 samples ... _ ......................................................... 380-410 

Sandstone, blue·gray, grains minute, some fine rounded, argillaceous, 
speckled with minute pyrite crystals, calcareous, with rapid ef­
fervescence; sandstone chips show included pyritic chert; white and 
gray chips of chert ... _ ...... _ ..................................................................... 420, 430 

Sandstone, as above except noncalcareous; dolomite, gray, crystalline, 
with minutely arenaceous and pyritic residue; much shale in con· 
creting powder ... _ ...................................................................................... . 

Ordovician: ' 
Maquoketa sh!J.le (170 feet thick; top 351 feet above sea level)-

Shale, light blue· gray, in hard masses, inclosing chips of sandstone 
as at 440 feet and white chert ....................................................... . 

Shale, light blue·gray, and blue and green·gray, and drab, plastic; 
inclosing chips of white chert and dolomite at 480 and 490; 

440 ' , 

450 

5 samples ......................................... : .................................................. 460-500 
Shale, light gray and gray, hard, sil).ceous, in chips of slow ef· 

fervescence, and concreting powder; cherty at 550; 8 samples 
Shale, light blue· gray, calcareous" in moulded masses _ ...................... . 
Shale, gray, in moulded masses and chips ......................................... . 
Shale, blue·gray, plastic; olive· drab chips, dolomitic ......................... . 

Galena·Platteville (367 feet thick; top 181 feet above sea level)-
Dolomite, 'brown, in: clean sand ...................... :: ..................................... . 
Limestone, magnesian, or dolomite, drab and buff·gra,y, rather slow 

510-580 
590 
600 
610 

620 

effervescence in chips ....................... _ .......... ! .................................... 630, 640 
Limestone, drab and brown·gray, argillaceous. rapid effervescence 650 
Shale, gray, in moulded masses, inclosing chips of brown· gray, 

highly argillaceous limestone ........................ ~ ............................... ,. 
Shale, light blue·gray, in moulded masses ......... _ .............. _ .... _ ........ . 
Limestone, brown, rather rapid effervescence, in sand ..................... . 

660 
670 
680 
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Liniestone, gray and light gray, earthy, rapid effervescence, in 
large flakes ..................... : ........................... _ .................................... . 690 

Limestone, light gray to bnff, rapid effervescence, facies of. non· 
dolomitized Galena·Platteville; 21 samples ..... ~ .......................... 700-900 

Limestone, blue·gray in niass, rapid effervescence .............................. . 920 
Limestone, yellow·gray ................................................... ,........................ . 920 
Shale, green·gray, plastic, inclosing chips of limestone .................... 92~-930 
Limestone, blue·gray in mass, rapid effervescence; 4 samples ........ 940-970 
Limestone, light brown·gray, rapid effervescence ... _......................... 980 

Glenwood shale--
Shale, buff and 'drab, plastic ..................... _ .......................... _ .. , ............ 987-990 

Saint P eter sandstone (33 fect thick; top 194 feet below sea level)-
Sandstone, white, grains well rounded, frosted, larger grains about 

1 mm. diameter; 4 samples .......................................................... : .. 995-1028 
Prairie du Chien (423 feet thick)-

Shakopee dolomite (160 feet thick; top 239 feet below sea level)-
Dolomite, light yellow·gray; much quartz sand ........................ 1040 
Dolomite as above ............. : .......... : ..................................... : .............. 1045-1050 
Dolomite, ' light gray, arenaceous, with fine to ' medium well T 

rounded grains, in chips concreted with blue·gray powder 
of shale ...... : .............................................................. _ .............. . 

Dolomite, light gray, arenaceous with imbedde'd grains ........... . 
Dolomite, gray .....................................................•................ : ...... ,.:: .. 
Dolomite, with quartz sand in cuttings and showing nUmerous 

. j"" ithoedded grains; occasional secondary enlargements; 

'1060 
1070 
1080 

11 samples ........................ : .................................................... _ ... 1090-1190 
New Richmond sandstone (40 feet thick; top 399 feet below sea 

level)- ' 
Sandstone, fine, dolomitic cement, some chips of dolomite; 

water, static level rose ..................................... , ........ , ............ . 
Sandstone, fine, clean quartz, grains not well rounded ....... : ..... . 
Sandstone as above, a little dolomite ... _ .................................... . 
Sandstone, coarser; dolomite, pyri~e ......... : ................................. . 

Oneota dolomite (223 feet thick; top 439 feet below sea level)­
Dolomite, gray of various tints and shades, in places arena· 

1200 
1210 
1220 
1230 

'ceous with imbedded grains; 19 samples ....................... : ..... 1240-1400 
No samples, cuttings washed away ............... : .............................. 1405, 1420 
Sandstone; some dolomite .............................. _.............................. 1430 
Dolomite; some quartz sand ............................................................ 1440 

Cambrian: 
Dolomite, arenaceous, imbedded grains .......... ,............................. 'l450 

Jordan sandstone (56 feet thick; top 662 feet below sea level) -
Sandstone, grains rounded, dolomitic cement ................. ; ... v-••••••••••• 

Sandstone, white, in sand and chips, grains well rounded and frost­
ed, larger grains slightly over 1 mm. diameter, chips of finer 
grains, dolomitic ' cement ......................... : ..................................... . 

Sandstone, white, finer than above, cuttings largely in chips ........... . 
. 'Sandstone, white, in detached grains, larger grains from' 1 to 1.3 

1463 

1470 
1480 

mm. diameter .................. , ......................... :....................................... 1485 
Sandstone, as at 1470 .... _ ...... _ .................... : .................................... , ..... 1490,·1500 

Saint Lawrence doloI)lite (') (entered at 718 feet below sea level)-
Dolomite, light yellow· gray in chips; quartz sand i~ cuttings ......... . 1519 

,Notes.-The Devonian cuttings do lfot include any of a highly 
fossiliferous limestone,. such as the Spir;i fer pennatus beds out­
cropping at Vinton, or the Cedar Valley limestones cut by the 
drills ~t Oakdale and Iowa City. It is somewhat probable that 
the calcilutite at 50 feet is from th~ Lower Davenpo"rt horizon of 
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the Wapsipinicon and the shales and limestones beneath will 
then fall in with the Kenwood' and in part the Otis beds. "Prob-, 
ably the st:rata of the vVapsipinicon 'are here more or less brec­
ciated and intermingled as at Cedar Rapids and at, the Aungst . 
and neighboring quarries north ,of Vinton. The limestones at 
120 to 150 feet strongly resemble the basal beds of these quarries, 
which are referred to the lower beds of the Otis limestone,63 the 
~quivalent of the Coggon limestone of the Linn county report.64 

The transition from these limestones to the typical Niagaran 
dolomite at 190 feet is· abrupt. Compared with the Vinton sec-

. tion as shown by the cuttings of the city wells65 the top of the . 
Niagaran dolomite appears distinctly higher (54 feet) at Shells­
burg than at Vinton. But the fewness of the samples taken at 
Vinton leaves little ground for thi~ conclusion. One sample is 
supposed to represent 82 feet above the Niagaran 'dolomite. This 
sample, composed of chert, quartz sand, pyrite and nonmagne­
sian limestone, may be compared with the Shellsburg sample at . 
150 feet. . 

The Silurian is noteworthy for the heavy beds of chert and 
cherty dolomite, struck at 220 feet and more than 100 feet thick, 
and also for the 1 sandstone thirty feet tl).ick at ' its base. Al­
though th.e Hopkinton stage · of the Niagaran in its outcrops is 
widely characterized· by chert and cherty bands, especially near 
its base, as at Lyons, no such he'av:y deposits of chert are known 
as these at Shellsburg. To be sure the cuttings have been washed, 
so that chert, commonly in large chips, IS more prominent in sam­
ples than dolomite and shale crushed by the drill to sand and 
powder and more easily washed away. But it is believed that 
this fad does not account for the great excess of chert in a num­
ber of the samples, since in others much of the softer constituents 
of the rock has been left. 

The basal sandstone is exceptional in this area and may be 
compareq t with the Colmar sandstone which overlies the Ma­
quoketa in the Colmar oil field 'Of Illinois. 

The top of the Maquoketa at. Shellsburg is placed 114 feet 

63 Norton. W. R .• Wapsipinicon Breccias of Iowa: low" Geol. Survey. vol. XXVII. p. 415. 
64 Norton, W. R .• Geology of Linn Co .• low" Geol. Survey. vol. IV: p. lSS ' seq. 
65 Norton; W. R .• Thickness of the Paleozoic Strata of Northeastern low,,: Iowa Geol. 

Survey. vol. III, pp. 192,194. ' , 
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lower than at Vinton. This suggests an error in one or the other, 
or both, of the sections, especially as the upper 194 feet of the 
Maquoketa at Vinton is determined by only two samples. These 
samples, however, are expressly stated to represent the entire 194 

. feet, and in the matter of shale are less likely of. error than in the 
case of limestone. It is hardly possible to consider as Maquoketa 
the lower beds referred to the Niagaran at Shellsburg, the dolo­
mite from 330 to 410 feet and the sandstone from 420 to 450. The 
cherts at 220 feet are quite too high to'be considered Middle Ma­
quoketa, which in Fayette and Clayton counties is highly·cherty 
and is overlain by about 125 feet of plastic shale.66 

The more satisfactory explanation of the difference in level of 
the top of the Maquoketa. at t.he two nearby points is the uncon­
formity between the Niagaran and Maquoketa already known to 
exist. Indeed the difference in level in this casQ is about the . 
same as one noted' in outcrops in Jackson county by Savage.61 

At Cedar Rapids the top of the Maquoketa is but 35 feet higher 
than at Shellsburg . 

. The thickness as'signed to the Galena-Platteville-Qlenwood at 
Shellsburg-366 feet--'-may be compared with that at Vinton, 401 
feet, at Cedar Rapids, 305 feet, and at Oakdale 370 feet. 

The only typical dolomite Of the' Galena beds IS found in a thin 
stratum at top. The shales at 660 and 670 have the aspect of the 
Maquoketa. The limestones' they Qverlie are entirely like the 
nondolomitized beds of the formation in outcrops and many 
deep-well sections. 

The Glenwood is exceptionally thin, even for a formation 
whose thickness in its outcrops does not exceed a few feet. The 
typical green color is absent, perhaps due to oxidation by reason 
of the thinness of the bed. 

The Shakopee, as in some ' of its outcrops, is distinctly aren­
aceous. The New Richmond is well defined and water .bearing. 
The Jordan sandstone is easily recognized and is the chief aqui­
fer of the well, although it contains some beds pretty well sealed 

. with dolomitic cement and some fine-grained sandstone whose 
transmission capacity must be small. 

While the dolomite iIi wh~ch the. well foots may be a~ inter-

66 Savage, T . E., Iowa Geol. Survey, vol. XVI, p. 598. 
61 Ibid, p. 607. 
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calated bed of the Jordan, it is more probably the top of the 
Trempealeau of the Saint Lawrence formation. 

SIBLEY 
(Altitude 1516 fe et, c., St. P., M .• q. 0 , By.) 

CITY DEEP WELLS 

The water supply of Sibley is from a shallow well ten feet in 
diameter and 30 feet deep yielding 82,000 g.p.d., and two deep 
wells of later installation. Deep well no. 1 was drilled in 1908 
by G. J. Savidge of Wayne, Nebraska. The depth is 314 feet, 
the diameter 10 inches and the well is . finished with a Cook 
strainer. Water stands 112 feet from the surface. On com­
pletion the pumping capacity was 125 g.p.m.; in 1!h4 it was 50 
g.p.m. 

Deep well no. 2 was drilled in 1914 by E. E. Morrison, of Sib­
ley. The depth is 325 feet, the diameter is 8 inches and the 
pumping capacity on completion was 35 g.p.m. The static level 
is the same as in well no. 1. 

Log of Sibley deep well 11,0. 1 
DEPTH IN FEET 

Gravel and clay ________________________ __________________________ _____ ___________ ______________ __________________ 0 - 40 
Blue clay and boulders _______________________________________________________________________________________ 40 -298lh 
Gravel, a little water _________________________________________________________________________________________ 298lh-300 
Blue clay, gravel and limestone ________________________________________________________________ . __ __ :_300 -304 
Gravel, sand and water _____________ ; _____ • __ ___________ . ____________________________________________________ 304 -310 
Blue clay, sand and gravel footmg on blue clay _______________________ : __________________ 310 -314 

Log of Sibley deep wel~ 11,0. t 
Black dirt, stones, sand and water _________________________________________________________________ ___ 0 - 14 
Blue clay, dark becoming lighter, containing boulders _______________________________ 14 -148 
Sand, coarse, furnishes water 20 g.p.m., head 19 feet below curb ______________ 148 -148lh 
Blue clay, light, containing fine sand and some boulders, very hard at bottom ____________________ ___ _________________ ____________________________________________________________ ________ 148lh-306 
Sand, fine ____________________________________________________________________________________________________________ 306 -307lh 
Bluish gray clay ________ : ________________________ ______ ; _________________________________________________________ 307lh-:-325 

The blue clay in which these wells foot may be referred with 
some probability to the Cretaceous. The general character of 
the heavy drift of the region is shown by the logs, and its· local 
diversity also. 

SIGOURNEY 
(Altitude 75t f eet, C. B. I. f P. By_, 785 feet c., M., St. P. f P_ B. B.) 

In 1882 the town of Sigourney had drilled a well 1888 feet deep 
and extending 458 feet below the base of the Saint Peter sand-
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stone. On account of the quality of the water this well was never. ' 
used and until 1923 the' city depended on a·,shallow.well" ·supply. 
, Notwithstanding this unfort~~ate experience the city again, in 
1923, had drilled a well for public supply. The dept~, 1978 feet, 
penetrates a. water bed not reached by the earlier well. The well 
is also completely cased to a depth of 1445 feet, presumably ex­
cluding all objeCtionable waters above' that level. ,The main suP- . 
ply was obtained at 1928 feet and the Saint Peter sandstone at 
1373 feet, as 'in the earlier ~ell~ was found to be a water bed1 The 
static level is 83 feet be19W the curb. 'Under air the delivery of 
the well is 500 gallons per minute with a draw down of 14 feet. 

As the well· was, being drilled the static level at 655 feet (De­
vonian) was 40 feet from the top; at 1525 'f~et (Prairie' dU'Chien) , 
105 feet from the top; and on ,completion the ,static level was 
found to have risen to 83 feet below the curb. "Three casing pipes 
extend from the surf~ce, a 15% inch pipe to 102:f~et, a 10 inch 
pipe to 655 feet and a 8~.inch pipe to 1445·feet. .' 

The driller was Charles P. Brant of Indianapolis, Indiana, 'and 
the cost of the well was $18,000. 

Mineral Content 'of City Well, No. $, Sigo'llffney* 

P.P.M. 
Bicarbonate ............................................................ ::.......... 312.3 
Chloride .............................................................................. 93. 
Sulfate ................................................................................ 857.6 
Silica .................................................................................. 23.4 
Fe.O.+Al,O. ...................................................................... 9.4 
Calcium .............................................................................. 164.9 

~:g+s~mas .. N~··::::::::::::::::::::::;::::~:::::=:::.:=:;::::::::::::::::::~ 21~:g 
Total solids .................................................................... 1616. 7 

SIOUX CITY 
(Altitude 1103 feet) 

WELL OF THE MIDLAND' PACKING COMPANY (NOW SWIFT AND 
, " COMPANY) .' 

A well 615 feet d'eep was drilled in 1920 by the F. M. Gray, Jr.; 
Company of Milwaukee. . " 

• Analysis by Dr. Harry F, Lewis, Chemical Laboratory, Cornell College, Mount Vernon, 1927. 
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,Rec()IT'a of strata 
DEPTH IN FEET. 

N~ record ____________ : ____ :_: ______ ____ __________ : __ : _______________ : _______________ ~ _. ________________________ : __ :__ _ 0-26'0 ' 

Cretaceous ' (') Pennsylvanian (f) (70 feet tliick; top 865 feet above. 'sea '.' 
level) : . . 

Shale, white, kaolinic, noncalcareous, with minute angular particles of 
quartz and some iJ::l:egular .larger grains ___________________ : ______ , _________ ~ _________ . 260-'265 

S.hale, red" calcare<;lUs, residue of quartz sand as above, color turns to , yellow -on boiling in 'HCl ________________________________ : ______________________ ___ : _________ __ 270-280' 
Shale, whitish, noncalcareous ___ , _________________________ : __________________________________________ . 28.0-290 
Shale, red and white _______________ , __________________ : ____________________________________________________ 29'0-300 . 
ShalEj, whitish-,' 'fine angular' grains of quartz; ' 3 samples ____ ____ :_.----:----------- 300-330 

Miss~ssippian, and. Galena-Pla:tteville (2.60 feet .thick; toP. 795, feet , above I ' 

sea level) : " , 
Sandstone, gray in mass, fine grains of. .clear quartz, imperfectly round­

ed" in sand; chips 'of fine light , brownish gray sandstol\e, hard, , 
. grains as remainde:t: of "Sample; 2 samples : __ : ___ :_~ __ : ______________________________ 330-350 

Sandstone, .. white, as aQove -___________________ . ________ y __ , ___________ .- _________ • __ , ____ ______ _____ _ __ ,_ 350-360 
Chert, white, brown cryptocrystalli,ne silic~ ' with" minute imbedded .. .. 

an-gular gra!ns of 'crystalline quartz ________ _________ , ____________________________ : _______ . 360-370 ' 
Dolomite, hard, dark ,gray, crystalline (effervescence in cold dilute . HCI 

less slow than LeClaire dolomite) '; limestone, lighter gray, rapid 
effervescence; limestone, soft, whitish, rapid reaction ___________ • ______ 370-380, 

Limestone, bl~e-gray, rapid reactioR; limestone, light yellow-gray, ' \ earthy, rapid reaction ' ___ ________ :_: ____________________________________________ : ____________ _______ 380-390 

Limestone, as above, mucl~ quartz sand and s.hale as in samples below 
360; chemical analysis on basis o'f silica free rock shows 72 per 
cent CaCO, and 1Ul per cent of MgCO, , ___ , ____________________ : ____ ,_, _____ ,,________ 390-400 

Limestone, as above __________ . _____ .. _____ . _________________________________________________________________ 400-410 

L~estone; light yellow-gray, soft, granular, moderately rapid efferve­
scence; most of sample consists of chips of dark ochreous cherty 
calcareous rock, dark red argillaceous sandstone, hard light green 
shale, whitish shale, greenish yellow ' sandstone, calciferous 'and 
argillaceous, probably from above ________________ , _______________________________________ 410-420 

Limestone; light blue-gray, 61.5 per cent CaCO., 12.7 MgCO" on basis of -silica-free rock __________ ______ ' ______ __ _______________ __ __ ______ : _______ ______ ,: _____ _____ _______ :_ 420-430 
Limestone, gray, moderately slow effervescence __________________________________________ 430-440 ' 
Dolom~te, dark blue-gray and blue-gray, crystalline, cuttings heavily 

ru~ted and stained ochre : yellow, all in small chips; some rounded 
fragments of a white sandstone with red :flecks, fine, argillaceous; . 
and blue and pink shale taken to be from above; 4 samples ______ ____ 440-480 

Dolomite, gray and light . gray, compact" in small chips, effervescence 
moderately slow; 5 samples ________________________________________ : _________________________ , 480-530 

Dolomite, grayish buff, crystalline granular, in sharp sand; 2 samples 530-550 
Dolomite, d.rab and grayish buff, compact; 4 samplesr that at 570-580 

showS 55',24 per ' cent CaCO, and 40,10 per cent MgCO, on basis 
of silica-free rock _______________________________________ . ___________ , ___________ : ______ • _____________ 550-590 

Ordovician: 
Saint Peter sandstone (penetrated 25' feet; top 535 feet above sea 

level)- " 
Sandstone, white, fine grains rounded and frosted; some light green 

shale; some chips of greenish argillaceous, pyritiferous sand-
stone of calcareous cement; 2 samples __________________ : _______________________ 590-615 

N otes.-At Sioux City and vicinity the Niobrara and the Ben­
. ton of the Colorado group of the Cretaceous lie entirely above 
water level of Missouri. river and its tributaries. At Prospect ' 
Hill within the limits of the City 42 feet of'the Dakota for~ation 
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is exposed, while at Sargent's Bluff, seven miles south, about 
100 feet are shown of the same beds, the lower 43 feet being 
shale.68 Henc'e the upper 260 feet of the above well section can 
not be correlated with any of the local outcrops. 

If this gap _ can be filled from the section of the waterworks 
well we may suppose that here also are some fifty feet of Pleisto­
cene and Recent sands and gravels overlying about 210 feet of 
shales and sandstones probably belonging to the Dakota. 

The assignment of the shales 170 feet thick which begin at 260 
feet (111 feet below extreme low water in Missouri river) and 
whose base is 795 feet above sea level is uncertain. They may b,e 
compared with the shales beneath the drift at Holstein, 170 feet 
thick, base 867 feet above ~ea level, and with the shales with some 
interbedded sandstones at Cherokee, 270 feet thick, whose base 
is 903 feet above sea 'level. 

In the log of the waterworks 'well the place of these shales is 
held by 31 feet of pyrite and lignite and underlying sandstone69 

- which may. acceptably be place~ with the Dakota. Whether the 
shales of the Midland Company well are an uneroded remnant of 
the Pennsylvanian or a local change of the Cretaceous from 
sandstone to shale is unresolved. 

The sandstone underlying these shales is pretty surely Pale­
ozoic, but it is uncertain whether it should be ranked with tll'e 
Mississippian or the Pennsylvanian. ' It can hardly be a west­
ward extension of the Saint Peter, for its grains are ill-rounded, 
and the limestone series beneath it is not wholly dolomitic as is 
the Prairie du Chien, on which the Saint Peter sandstone rests. 

The limestones and dolomites between the shales from 260 to 
330 feet and the ~aint Peter are referred to the Mississippian 
and the Galena-Platteville, more on the probability that the inter­
vening formations 'are here wanting than for any lithologic rea­
sons. Probably all the limestones belong to the Mississippian, 
and much of the dolomites to the Galena-Platteville. 

The sandstone at 590 feet carries all the grain marks of the 
Saint Peter, and, the underlying strata, as showri in the Magee 
well at Sioux. City/o confi:rm this reference. It may be noted that ' ' 

68 Bain, H. F., Geology of Woodbury Co. : !owa Geol. Survey, vol. V , pp. 260, 263 . 
69 Underground Water Resources of ' Iowa, Iowa Geol. Survey, vol> XXI, p_ '1096. 
70 Op. Cit., pp. 1097-98. 
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from Sioux City to Holstein the Saint Peter dips east at the rate 
of about 11 feet to the mile, and to Cherokee to the northeast, 
more in the line of the strike of -the strata, the dip is about 41;2 
feet to the mile. 

The section may be. continued by the Magee well. Beneath the 
SaintPeter cherty dolomites of the Prairie du Chien extend at 
least as deep as 345 feet above sea level. And at least as high as 
285 feet above sea level begin the beds of the Saint Lawrence 
dolomites aJ}d shales. These become glauconitic at 125 feet above 
sea level, · marking the horizon of the Franconia beds, and are 
still glauconitic at 35 feet below that datum.' The red clastics of 
the Cambrian were reached according to the log at 125 feet be­
row, sea -level and samples of the cuttjngs show that ten feet 
farther down decayed friable schists of the pre-Cambrian were 
encountered. Oddly enough this igneous rock was called the 
Sajnt Peter sandstone in the driller's log. 

This pre-Cambri;:m floor of schist or granite dips east to Hol­
stein at the rate of 9113 feet per mile. , And the formations rrorp. 
this floor to the top of the Saint Peter aggregate 590 feet at 
Holstein and 670 feet at Sioux City. 

I 

WELLS OF CHICAGO, MILWAUKEE AND ST. PAUL RAILWAY AT 
ROUNDHOUSE 

III 19i7 three wells about 297 feet deep were drilled at the 
roundhouse of the Chicago, Milwaukee and St. Paul Railway at 
Sioux City. Each has a drop pipe of 9 inches to the bottom. 
The chief supply was found at 240 feet and the flow increased 
from that depth to the bottom. Water rose within 8 feet of the 
surface. In 1926 the head is reported at 20 feet, but as pumping 
is going on most of the time at one or more of the wells, this 
hardly represents the true static level. , 

On completion the pumping capacity of the wells was round to 
be 318 gallons per minute, with the pumping cylinder at 60 feet. 
Under continuous pumping for 30 hours at 233 gallons per min­
ute there was a draw down of 10 feet. The present capacity is 
.244 gallons per minute. Repairs made in 1924 by repacking and 
cleaning out resulted in an increased yield. 

The wells are cased to 102 feet with 16 inch casing, and with 
145 feet of 12 inch casing overlapping 7 feet. 
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. Driller's ~g 
l . DEPTH IN FEET 

may, sand and ' shale, dry ~ __________ : __ : __ ___ __ __ __ : ____________ : ___ ::. ___ : _____ ._._: _________________ :. ______ ~ 0-95 
Shale and sand, ¢l.ry __________ . ____________________ . ______ __ , ____ ._, __ . __ • ___ , _____ ______________ , __ ,- _______ , _________ . 9~240 
Sand rock, water bearing ___ : _________ __ ______ . __________ _________________ ._. ___________________ _________________ 240-280 
Shale __________________ __ ______________ ________________________________________________ ________________________ , ___________ , _____ 280-291 

.. 
Ch,emical analysis 

. .' I N GRAnis PER U : S. G.u;I:.ON 
Calcium carbonate, CaCO,' ___________ , __________________ : ________________ , ____ ~ . 1,1.9 ; 
Magnesium carbonate, MgCO, ___ : __ , ______ _______________ ,___________________ 5.6 
Calcium' sulphate, CaSO, ______ __ : ___ : ________________________ : __________________ ' (" . 2:8 
Alkali sulphate ________________________________________________________ ________________ ,'. . .' 3_8 
Alkali chloride ____________________________________________________ __ ____________________ . '. 0.8 

WELL NO: 16 OF THE CITY WATERWORKS 

This well was d~i1led in 1919 by G. j. S'avidge of Sioux City. 
The depth is 338 feet, th'e diameters ' are '.20, 16 and 1.0 inches. 
The' principal supply was found from i90 to 297 feet with' an­
other' water bed from 309 to 332 feet. The static level is about 
32 feet , below the surface. Th'e pUmping capacity of the well on 
test was 1400 g.p.m. The well is cased ' with 18i feet 9 inches of 
20 i,nch pip~; 110 feet 9 inches of'16 inch pipe and 60 feet of 10 
inch pipe, 14' feet being used in teiescoping. '. . 

. 1 

Log of city well -no. 16 

D;EPTH IN FEET DEPTH IN FEET 
Clay __ ____ ________________________________________ 0-40 Dakota, sandstone ______ _____________ , __ 190-291 
Sand and gravel _______________________ 40-10 Clay . _____________________________ : ______________ ,_ 291-:309 
Blue clay _________ "_________________________ 10-80 
Sand and coarse gravel ____________ 8 (}.'.19 0 

Dakota sandstone _:____________________ 309-332 
White clay __ : __ __________________ _______ :: __ 332-338 

: Since 1919 two additional wells have been drilled for the city 
waterworks, one of 26 inches diameter and 342 , feet depth and 
one 'of 20 inches diameter and 323 feet depth. Well no. 17, at 
West 7th 'and Sioux ,streets, 323 feet deep, yields ·three million 
gallons daily. ' 

Log of city well -no. 1'7 

DEPTH IN FEET DEPTH IN FEET 
Clay __ __ __________________________________________ ' 0-40 Hard clay ______ __________ ____________________ 214-216 
Yellow sand and gravel ____________ 40-142 
Blue clay ____________________________ ________ 142-145 
BIlle gravel _________________________________ 145-152 

Sandstone ____________________________________ 216-289 
White clay ______ , ___________________________ 289-291 
Sandstone . mixed with small 

Sandstone ________________ __________________ :_ 152-214 streaks of white clay _, __ ____ 291-323 
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SOLON, JOHNSON COUNTY 
, (-Altitude 789 teet) 

In 1926 a well was drilled for city supply by Chas. D. Nolan 
of Cedar Rapids. Before drilling began . arrangements were 
made for a complete set of s'amples of the cuttings, a ~atter of 
special interest because the drill would penetrate the entire Wap­
sipinicon section. It is understood that the well stopped short 
of the Maquoketa shale, but nothing can be· learned even of its 
depth and capacity. 

STUART, GtrTlmIE COUNTY 
, (Altitude 1205 teer) 

The deep well completed in 1916 for the city of Stuart by the 
Thorpe Bros. Vil ell Company of Des Moines has the distinction 
of being the deepest well in Iowa, with its depth of 3021. feet. 
Water was found at 240 feet in glacial sands, and at 550 feet in 
the Coal Measures, but in inconsiderable "amounts. The Saint , .. . 

Peter yielded little water and a test made when the drill had 
reache~ its base gave, but 8 gallons' a; rinute'~th a 550 f~ot pipe. 

The chief water be~s were found between 2736 and 2800 feet, 
where the ' cuttings were washed away by the flow. The head of 
the S~int Peter water ha9, b~en 325 below the curb. From 2736 
to 2830 feet it stood at 345 feet, rising slightly at the last named 
depth.: No ,further fluctu~tions in 'the static level were observed 
and there is no eVidence that any additional water beds were 
'struck. , The final test when the well had 'reached ' its present 
depth, lasting eigpty hours 'w:ith 397 feet' of pipe, of which 52 feet 
'Y~re submerged, failed to bring the draw down below the bottom 
of the pipe and for the last twenty-four hours averaged 212 gal-
lons per minute. , ' 

The diameters of the well are indicated by the casings: 

12 inch ...•. ,.................... 0-305 
10 ineh .... , ...•................. 260-785 

8 inch .......................... 690-1285 
, 6 inch ...................... ?.1l85-1938 

Chemical analyses 

PARTS PER MILLION 
DEEP WELL* 

Silica (SiO.) ............................................................ 11.8 
Iron and alumina ...... :........................................... . 2.8 
Calcium' ........................................................ ,........... 107.1 

, *, Ohemical labo.rato.ry, Io.wa State Co.llege o.f Agriculture. 
tHe'ndrixso.n, Io.wa Geo.l. Survey, vo.l. XXI, p. ,190. 

OLD CITY WELL 
90 FEET DEEPt 

90. 
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Magnesium ____________ . _______________________________ . _________ . ______ _ 
Sodium _____ . ____ .. ________ . ___________________________________ . ____ . _______ _ 
Potassium _____ .. ____ . _______________________ . _________________ ._. _______ _ 
Carbonate radicle (CO,) ___________________________________ . ___ _ 
Bicarbonate radicle (HeO.) ____________________________ _ 
Sulfate radicle (SO.) _____ , ___________________________________ _ 
Chlorine radicle (Cl) ____ . ______ . ____ . ______ _____________ _____ .. _ 
Dissolved solids, by evaporation ________________________ _ 

65.9 
343.4 

107.4 

826.0 
. 257.6 
1785.0 

27. 
32 
2 

408. 
18_ 

2 . 
390_ 

The cost of the well is reported at about $19,000, and of the 
pumping machinery at about $3,000. 

Record Of. Strata a~ Driller's Log 

DEPTH IN FEET 

Pleistocene and 'Recent (251 feet thick; top 1205 feet above sea level) : , 'Soil and yellow clay" _. ______________________ . _____________________ __ ____________ . ____________ . ______ .____ 0-40 
"Sand, fine, mixed with clay" ___ ._. __ __ _____ _ . _______________ ._________________________________________ 40-41 

- "Clay, blue, with many boulders" __________ .____________________________________________________ 41-82 
" Sand, medium fine, 10 to 15 gallons of water per minute '.' ____________________ . 82-86 
"Clay, yellow" ___________ . ________________________________ . ___________ . ___________ .______________________________ 86-116 
"Hardpan, yellow, cemented" ___ . _______ . _______________________________ . ___________________________ 116-119 
"Clay, blue, numerous small pebbles" ____ . _____________________________________________ .-________ 119-141 
"Sea mud, very fine, drab, no pebbles" _____________________ . _____________ __ __________________ 141-196 
"Clay, blue, no pebbles" _________ . _____ . ____ .. ___________________________________________________________ 196-211 
"Sea mud, as at 141, some sand mixed" _______________________________________________________ 211-225 
"Sand, fine, grading into above" _________________________________________________________________ 225-241 
"Sand, coarse, 15 to 20 gals. per minute" ________________ : ____ ,________ _____________________ 241,-251 

Pennsylvanian (564 feet thick; top 954 feet above sea level) : "Clay shale, blue" ___________________________________________________________________________________________ 251-264 
"Limestone, blue" __________ . _________________________________________________ _________________________________ 264-271 
"Slate

t 
with hard sulphur bands" ________________ . _________________ ____________ ___________________ 271-287 

"Boulaer formation, very hard" _________________________________ . ___________________________________ 287-289 
"Slate, with limestone bands" • _____________________________________________________________________ 289-321 
"Limestone, hard, blue" __________________________________________________ . ___________ . ________ ~. ________ 321-328 

: : ~~a~~de~a~~~~!if:~ :, --:::::::::::::~::::::::::::::::::::::::::::::::::::::::::::::::~::::::::::::::::::::::: ~~t~~~ 
"S)ate

t 
black, very soft" _______________________________ : ________________________________________________ 331-332 

"Boulaer formation, hard" ________________ ~ _____ . __________ . _____ ________ ___ . ___________________ ________ 332-333 
"Slate, hard, black" ___________ . ________________________________ : _________ ________________________ ____________ 333-339 
, , Coal' , _____ .__________________________________________________________________________________________________________ 339-341 
, 'Fire clay' , ____________________________________________________________________________________ ____________________ 341-342 
"Limestone, blue" _______________________________________ _____________________________ ___ , ______________________ 342-345 
"Slate, blue" _______________________________________________________________________________________________________ 345-353 
, 'Rock, blue" ___________________________ . ___________ . ____________________________________________ ____________________ .353-355 
, 'Shale, red" __________ : ______________ . ______________________________________________________________ : __________ .__ 355-360 
"Limestone, blue" _. __ __ ___ ____ ____________________________________________________ __________________ _______ ____ 360-368 
"Shale, blue" _________________________________________________________________________________ ____________________ 368-371 
"13oulder formation" ______________________________________________________________________ ____________________ 371-375 
"Shale, blue, with hard bands" ______________________________________________________ ---r----------- 375-401 
, , Limestone, blue" ________________________________ ._______________________________________________________ ___ 401-404 · 

:: ~t!~, ~~~:: :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: !~t!i~ 
"Shale, red and blue, hard bands" . __________________________________________ . _______ . ______________ 411-424 
"Limestone, blue, hard" . __________________________ . ________________________________________________________ 424-430 
"Shale, blue" _________________________ . _________________ . _____ . ____________________________ : __________________ . ____ 430-441 
." Shale, red" ____ ___________________________________________ , _______________________________________________________ 441-453 
, 'Hard gray rock" ____ . __ ._. __ ___ __ .__________________________________________________________________________ 453-455 
, 'Slate, blue" ___________ ____________________ ______________________________________________________________________ 455-477 
, 'Blue boulder" _______________________________________________ . ______________________________________ . ___________ 477-481 
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"Shale, red" ......... _ .......... , ...........................•...................................................... 481-487 
"Flint band " ....................................................................................................... 487-489 
"Shale, gray, sulphur band" .......................................................................... 489-505 
"Limestone, gray" .: ................................. ,.......................................................... 505-513 
"Shale, gray" .................................................................................................... 513-533 
"Slate, black, mixed with lime rock" ........................... : ................................ 533, 541 
"Shales with limestones, shales soft and caving" ............................. _ ......... 541-765 
"Shale, light colored, calcareous" .................................................................. 765-815 

Mississippian (405 f eet thick; top 390 feet above sea level) : 
"Chert and shale" .......... _ ............................................................ , ...................... 815-980 
"Limestone, brown" ........................................................................................... 980-1022 
"Limestone, gray, effervescence rapid" ........................................................ 1022-1083 
"Bands of chert mixed with lime, hard to. drill" ... _ .................................... 1083-1106 
"Limestone, brown" .......................................................................................... 1106-1126 
"Lime and chert, mixed gray, bands hard, then soft" ................................ 1126-1177 
"Shale (Kinderhook) greenish, with hard bands of lime" ........... _ ........... 1177-1218 

Sample of cuttings; shale, blue· gray, calcareous, in plastic concreted 
masses, with some grains of limestone of rapid effervescence in 
cold dilute HOI at ................................... _ ........................... 1185, 1195, 1203, 1213 ' 

Devonian (155 feet thick; top 15 feet below sea level) : 
Limestone, yellow· gray, soft, rapid effervescence, in sand .... 1220, 1227, 1234, 1241 
Limestone, yellow·gray, some bluish and argillaceous, in sand ................ 1248-
Limestone, light yellow·gray, .rapid effervescence, in sand .......... :........... 1255 
Limestone, light yellow·gray, in flour and powder, argillaceous, rapid 

effervescence ..................... : ......................................................................... . 
Limestone, light yellow·gray, in sand, rapid effervescence ....................... . 
Limestone, gray and yellowish, light and darker, rapid effervescence, 

126Z 
1269 

in sand .............................................................................................. 1277, 1284, 1291 
Limestone, in fine, light gray argillaceous sand and powder .................... 1298 
Limesto~e, brown, dense, hard, rapid effervescence, in sand .................... 1305, 1312 
Limestone, light brown and light yellow·gray, rapid effervescence, in 

sand ................. : ................................. _ ................. 1319, 1326, 1333, 1340, 1347, 1354 
Limestone, light buff, with considerable argillaceous powder .................. 1361 
Limestone, light buff, some ' greenish, with considerable argillaceous 

powder, rapid effervescence ................................................................... . 
Silurian (490 feet thick; top 170 feet below sea level): 

Shale, calcareous, gray, in argillo·calcareous powder, a little gypsum ... . 
Limestone, light gray, rapid .effervescence ................................................. . 
Shale, light blue· gray, with some light gray limestone ................... _ ...... . 
Shale, whitish, with more limestone than above, rapid and moderately 

rapid effervescence; a little gypsum ..... _ ............................................ . 
Limestone, light bluish gray, rapid effervescence, . in sand, some 

1368 

1375 
1382 
1389 

1396 

gypsum ....... _ .......... __ .................... _ ................... 1403, 1410, 1417, 1424, 1431, 1438 
Limestone, whitish, crystalline, some light buff, in sand, some gypsum, 

moderately rapid effervescence .................................................. 1445, 1452, 1459 
Limestone, light buff and gray, rather slow effervescence, some white 

and rapid, in fine sand, some gypsum ................................. _................. 1466 
Limestone, light gray, in sand, some moderately rapid effervescence, 

some rather slow, some lighter colored, rapid; gypsum in white 
grains and some 'chips show gypsum and calcite intercrystal· 
lized ................................................................... _ ..................... 1474, 1481, 1488, 1496 

Limestone, gray, rapid and moderately rapid effervescence, some 
gypsum ....................................... _ ............................................................... 1502, 1509' 

Limestone, as above, with much highly argillaceous concreted powder 1516 
Limestone, buff, argillaceous ................................................................. _....... 1523 
Limestone, brownish gray and light yellow, crystalline, rather rapid 

effervescence, some whitish and rapid, some white chert, some 
gypsum ......................... : .... , ...... _ .............................................. _................. 1530 

Limestone, light gray, rapid effervescence, in coarse sand ............ 1537, 1544, 1551 
Limestone as above, heavily rusted, with. steel chips of slush bucket ...... 1559,1567 
Shale, deeply rusted, calcareous ...... , .............................. _............................. 1573 
Limestone, rusted, rapid effervescence .......................................................... 1579 
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. Limestone, rusted, slow effervescence, in fine meal, ................................. . 
Limestone, rusted, slow effervescence, in small chips ................................. . 
Limestonet rusted, effervescence rapid, in meal, some gypsum .................• 
Dolomite, light buff, in sand, '" hard to drill ", some gypsum in rounded 

1585 
1591 
1595 

grains, with much argillaceous powder ................................................ 1601, 1609 
Dolomite, brown, in chips, some small chips of coal ................................ 1615 
Dolomite, light buff, in meal and argillaceous powder .............................. 1622, 1628 
Dolomite, and gypsum, dolomite light buff in sand; gypsum in angu· 

lar sand ........................................................................... : .............. _ ........... 1634, 1640 
Shale, grayish brown, calcareous/ in concreted powder, with gypsum .... 1647,1654 
Dolomite, brown; in fine meal, WIth much gypsum in angular sand ........ 1661, 1668 
Dolomite, buff, in fine sand with some gypsum ........................................... 1675, 1682 
Dolomite, buff, with considerable gypsum ............. ~.... .... ... ... .. ... ........ ......... 1689 
Shale, gray, plastic, calcareous ...................................................................... 1696 

, Dolomite, or magnesian limestone, light yellow, argillaceous, with con· 
siderable gypsum, in fine meal and concreted powder; 5 samples .... 1703-1731 

Dolomite, buff, in sand, considerable gypsum ........................................... : .. 1738, 1745 
:Oolomite, light .yellow, in fine crystalline sand, considerable gypsum .... 1752 
Dolomite, as above; chips of bll,le·gray dense limestone of rather slow 

~ffervei3cence, and a little soft green shale ; some gypsum ................ . 
Limeston.e and shale, limestone light ' gray, soft, rapid effervescence, 

argillaceous; shale, blue, in thin flakes ........... : .............................. , .. . 
Limestone, as above, some blue shale, some grains of quartz sand ........ . 
Limestone, yellow·gray, rapid effervescence, in sand, with ' much 

flour of crystalline dolomite and whitish calcareo·argillaceous flour; 

1759 

1766 
1773 

some quartz sand ....... _ ............................................................................... 1780-1787 
Dolomite or magnesian limestone, yellow, . rather slow effervescence,' in 

. sand and concreted powder ..................................................................... . 
Dolomite, light buff, argillaceous, and arenaceous with rounded grains 

of clear quartz .......................................................................................... . 
Dolomite, light yellow:gray, in fine meal ................................................. . 
Dolomite, or magnesian limestone, rather slow effervescence, consider· 

able siliceous residue ............................................. _ ................................ . 
Limestone, gray, in small chips, some of rapid effervescence, some 

moderately slow, argillaceous and cherty residue ............................... . 
'Limestone, dark brownish, effervescence moderately rapid, and gray, 

effervescence slow, in finer grains; poorly rounded quartz ' sand; 

1794 

1801 
1808 

1816 

1825 

flakes of brown chert ; 4 samples ... '-........................ , .............................. 1833-1857 
Ordovician : 

Maquoketa shale (1l9 ' feet thick, top 660 feet below sea level )­
Shale, red, highly arenaceous, with fine well· rounded grains of 

clear quartz and some flakes of pinkish cryptocrystalline silica, 
2 feet thick according to log ................................................. _ .... . 

Shale, in light gray powder, highly calcareous, sandy and cherty 
1865 

residue' ................................................. _ ............................................... 1873, 1880 
Dolomite, gray, in easily friable concreted masses ..................... , .... 1888, 1896 
Shale, gray, calcareous; cryptocrystalline silica in minute flakes; . 

some fine white dolomitic meal; a little selenite; 5 samples ..... )904-1936 
Shale, blue·gray; much light gray dolomitic sand; crystals of 

selenite ................... _ .......................................................................... . 
' Shale, blue· gray, in small chips, siliceous,' calcareous ......................... . 
Dolomite, highly argillaceous, in gray powder; cryptocrystalline 

silica in minute blue·gray chips with imbedded grains. of clear , 

1944 
1952 

quartz, crystals of selenite numerous after digestion in acid; 
3 samples ............................................. _ .......... _.: ........ : ...................... 1960-1976 

Galena to Glenwood formation inclusive (392 feet thick; top 779 feet 
,below sea level ) : ' 

Limestone, gray, rather rapid effervescence, in chips with flour of 
siliceous dolomite as above and a little selenite ........................... . 1984 

Dolomite, ,buff, light yellow anq light gray, in fine meal, at 2137 
with large residue of cryptocrystalline silica ·and fine rounded 
grains of quartz, at 2220 cherty; 27 samples .............. , .......... _ ... 1992-2220 

I . 
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Shale, gray, highly calcareous, siliceous with minute. grains of 
quartz and flakes of cryptocrystalline silica, ill . concreted 

~35. 

powder ... _ .................................................................. _......................... 2230 
Dolomite, light yellow, in fine meal ........................... _........................... 2240 
Shale, in light brown concreted powder, calcareous .......................... 2250 
Shale, g.raY, highly calcareous ......... ,....................................................... 2260 
Dolomite, light yellow, ill fine meal, with some grains of limestone 

of rapid effervescence; 3 samples ................................ , ....... _ ..... _.2265-2281 
Limestone, light gray', rapid, in ,small chips .......... : ............. ;_........... 2291 

. Shale, dark green, in small flakes, and quartz sand of rounded 
, grains of St. Pet\lr facies, much limestone of ;rapid efferves· 

cence; some.' py;rite ............................... , ......... , ... _ .... _ .........• _ ......... 2296-2301 
Limestone, light gray, ;rapid effervescence, in small' chips ........... _... . 2306 
Limestone, gray, in small chips, some rapid effervescence, s,qme 

slow; much fine quartz sand of well·rounded grains II-nd .,~qme 
. green shale ..................... _ ....................................... ,_....................... 2311 

.Shale, hard, dark g:reen, with some fine quartz ~and and limestone 
of rapid effervescence ... _ ................. :.~ .................................... ;.<:...... 2316 

Shale, ha:rd, green, in moulded masses, including laminated chips.. ·2321 
Shale, light gray, highly calc.areous, in ,concreted powd\lr ............ :..... 2326 
Sandstone and shale, sand in rounded grains, fine; shale hard, 

greel)., pyritifilrOuS; some fine flour of limestone of rapid 
effervescence ............................................................... _..................... 2334 

. Limestone, in fine flour, slow effervescence, some grains of lime· . I 
. stone of rapid effervescence; some fine rounded grains of 

quar~z ............................... _ ................................ :~ ..... , ..................... :.... 2340 
Shale, qlue·greell, hard, plastic, . in concreted masses including 

laminated chips ..................................................... ::, ...... , .................... 2341-2344 
Limestone, as at 2340 ........................................... _................................. 2348 
Limestone, .light gray to buff, rapid effervescence, in coarse sand 2356 
Shale, gray, highly calcareous, in concreted powder .......................... 2360 
Sandstone, buff in mass, coloring due to iron oxide in cuttings, 

grains fine, rounded, considerable dolomite in fine sand ............ 2368 
Shale', light blue· gray, highly arenaceous with fine rounded grains 

of quartz, .calcareous ........................................................................ 2372 
.saint Peter sandstone (38 feet thick; top 1171 feet below sea level)-

Sandstone, in clear white sand, grains well rounded and frosted, 
larger grains up to 0.5 mm. in diameter ("top of St. Peter") ' 2376 . 

Sandstone, as above with considerable argillaceous powder .............. 2382 
Sandstone, as above, nearly clean ....................... ,.................................. 2388 
Dolomite, in buff concreted powder ... _................................................... 2394 
Sandstone, as at 2376 ................................. _ .................... _ .. ~................... 2400 
Sandstone,. light yellowish from oxidation of cuttings, facies of 

, St. Peter, larger grains up to 0.33 mm. in diameter .................. 2406 
Sandstone, light YElllow'gray, in minute grains of clear quartz ...... 2410 

Prairie du Chien' (286 feet thick; top 1209 feet below sea level)-
Shakopee dolomite-

Marl, light gray, argillaceous, minutely arenaceous, somewhat 
. dolomitic ............................................................... _..................... 2414 
Sandstone, rounded grains, some double·ended crystals; dolo· 

mite sand; and some white oolitic chert ................................ 2422 
"Base of sandston'e " ........................................................................ 2425 

Shale, light brown, calcareous, in concreted powder .................. 2426 
Dolomite, light buff·, in fine meal ... : ......................................... _..... 2438 
Dolomite, as above, highly 'si~iceous with minute angular par· 

ticles of quartz and cryptocrystalline silica ........................ 2450 '\ 
Dolomite, light buff, .highly arenaceous with imbedded grains 2462 
Dolomite, buff and light yeijow, in fine meal; 6 'samples .......... 2470-2512 

New Richmond sandstone- . / 
Sandstone, light cream color, fine rounded grains, some with 

secondary enlargements, dolomitic .... ~.: .•. '................................ 2528 
Sandstone, as above, coarser, some sand ' 6f 'dolomite with im-
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bedded grains of quartz .......................................................... 2536, 2552 
Oneota dolomite-- . 

Shale, in yellow concreted powder, dolomitic, siliceous with 
fine grains and flakes of crystalline quartz ... _................... 2560 

Dolomite, in fine buff meal, arenaceous, some chips with im· 
bedded grains of quartz sand ................................................ 2568 

Dolomite, in buff meal, highly siliceous with flakes of crypto· 
crystalline and crystalline quartz .......................................... 2576 

Dolomite, buff, arenaceous with fine rounded grains of quartz 
sand ............................................... _ ......................................... ,... 2588 

Dolomite, light cream t:olor, in flour; 3 samples .......................... 2604-2636 
Dolomite, buff, residue of cryptocrystalline silica and some 

crystalline grains and hexagonal pointed crystals ............ 2644 
Shale, dark buff, calcareous, siliceous ........................................ 2648 
Sandstone, buff, fine rounded grains, some with secondary en· 

largements, some dolomite ...................................................... 2656 
Shale, in yellow concreted powder, calcareous, siliceous ......... _.2664, 2668 
Dolomite, light cream color, in flour, fine, siliceous, residue 

including hexagonal quartz crystals · ............... _ ............ _..... 2672 
Marl,. i? concreted li~ht .buff powder, calcareous, argillaceous, 

slliceous ............................................ :........................................... . 2680 
Dolomite, light yellow, in flour, with fine siliceous and argil· 

laceous residue ............. _ ............ _............................................... 2692 
Cambrian: 

Jordan sandstone (100 (f) feet thick; top 1495 feet below sea level)­
Sandstone, dolomitic, or dolomite, arenaceous, in fine meal and 

powder, much quartz in minute angular particles and fine 
rounded grains; 3 samples .............................................................. 2700-2728 

Sandstone, fine, rounded grains, stained red, probably from iron in 
cuttings .............................................................................. ,.................. 2736 

"Cuttings waRhed away" .......................................................................... 2736-2800 
Saint Lawrence formation (top 1595 (') feet below sea level)-

Trempealeau beds (120 (f) feet thick)-
Dolomite, light buff, residue of fine particles of quartz; 8 

samples ......... ~ .............................................................................. 2800--2860 
Dolomite, as above, with little glauconite ... _ ............................... 2888, 2900 

Franconia beds (penetl'ated 101 feet; top 1715 feet below sea 
level)-

Sandstone, of'minute angular particles of crystalline quartz, 
cement calcareous, of rather rapid effervescence; 5 sam· 
pIes ............................................................................................... 2920-2960 

Limestone, light, rapid effervescence, in fine sand .................... 2972 
Sandstone, as at 2920; 4 sample~ ................................................ 2980--3021 

Notes.-Limestone outcrops of the country rock near Stuart 
have been correlated with beds deep in. the strata of the Des 
Moines series.71 As no samples of the cuttings were taken until 
a depth of 1185 feet the base of the Coal Measures is somewhat · 
uncertain. The cherty shales at 815 feet '(390 feet above sea 
lev~l) seem to correspond to th~ cherty .shales at Des Moines at 
374 feet above sea level and may be taken as the summit of the 
Mississippian; while the shales from 1177 to 1220 feet seem to 
mark it::;, base. 

71 Tilton, J . L., The strata near Stuart, Iowa, Bull. Geol. Soc. America, vol. 33, p. 153, 1922. 
Also Iowa Geol. Survey, vol. XXIX, pp. 242, 2'80, 307·312. 
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As at Des Moines an~ several other stations the gypsum-bear­
ing limestones (beginning at 170 fe'et below sea level) are as­
sumed to be Silurian. 

The shales from 1865 to 1984 feet occupy the place of the Ma­
quoketa. The thin band of red arenaceous shale at their summit 
is unusual. 
, The shales above the Saint Peter, the Glenwood, are present 
in force, and, as at some of their outcrops in northeastern Iowa 
and in some well sections, show their affinity with the Saint Peter 
by their arenaceous layers. 

The horizon of the Saint Peter is well marked, and as forecast 
in the report of 1912 (Plate I) is but slightly lower, some 57 
feet, than at Des Moines. 

The dQlomites, marls and oolitic chert beginning at 2414 are 
clearly Shakopee, while the sandstone at 2528 feet may repre­
sent the New Richmond. 

The summit of the Cambrian is probably marked by the dolo­
mitic sandstone at 2700 feet, which perhaps is the far westward 
extension of the Jordan sandstone. The Saint Lawrence begins 
then with the Trempealeau dolomite, at 2800 feet or at some 
point between 2736 and 2800 feet, the cuttings here having been 
washed away, and the glauconite in the dolomite at 2900 feet 
may mark the beginning of the Franconia beds. It is noteworthy 
that the sandstones from 2920 to 3021 feet are free of glauconite, 
in this differing from the sandstones of the same horizon at Des 
Moines and from the Franconia beds in the deep wells of eastern 
Iowa. 

The base of the Franconia is usually defined by the clean, sac­
charoidal' sandstones of the Dresbach, but no such sandstones 
wer~ reached either at Stuart 9r in the Greenwood Park well at 
Des Moines, which was sunk 313 feet farther below sea level. 
Obviously the Stuart well would have gained nothing by going 
deeper. 

,The temperature of the water as it is pumped from the well 
is 63° Fahr. This is forced by air pressure into a reservoir 
holding 160,000 gallons, and then pumped into a tower the capac­
ity of which is 80,000 gallons. Water from the tower is mixed 
with " exhaust steam in the heater, and the heated mixture IS 
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pumped into the .boiler. From the an.~lysis of this mixture the 
composition of the c.ompound is determined that must be· added 
to water pumped into . the boiler. The cost of the well was .as 
follows: 

Cost of well, including drilling ~~d casi:ng; completed in the su=er of 1917 .... $]\000 
Cost of pumping outfit, including air compressor, drum and pipe ..... :: ..... : ...... _.. 2,500 
Cost of reinforced concrete reservoir, 36 feet diameter, 16 feet under grOund, . 

4 feet above ground, capacity 160,000 gallons ............................................... 3,800 
WI'-ter tower, capacity 80,000 gallons ......... ~ ............................................ , ........ ,........ 4,500 

$27,,800 

Analys.es of water fro.m . St~w,rt well, by the Dearborn Chemical Ct?mpany, Chicago, 
. . . November i6, 1917 . 

. • . WATER 

PUMPED INTO 
RAW WATER, • BOILER, 

-j 

Silica ........ ~: ............................................. : ................................... . 
Oxides of Iron and Aluminum ............................................... . 
Carbonate of Lime ................... _ ............................ _ ................ . 

~~~~!:t~f O~~g~~~i~··:::::::::::::::::::::::::::::::::::: ::,: :: ::::::::=::::::: . 
Sulphate of Magnesia ........................... _ .............. _ ......... __ ... . 
Sulphates of Sodium and Potassium ... _ .............................. . 
Chlorides of Sodium and Potassium : .................................. . 
Loss, etc. ' ... : ................................................. _ ................. : .......... . 

Total soluble mineral solids .............. _____________________ ___ : ___ ._. ____ _ 
Organic matter ........ __ ....... ___________________ : _____________ ______ .. ____________ . __ _ 
Suspended matter . __ -'. ___ .. ____ ...... ___ .... , ___ ~ .. ___ ... _ .. _ ..... ___ .. __ .. _ ...... __ 
Total soluble incrusting solids, grains per gallon ............ __ 
Total soluble non-incrusting solids, grains per gallon ___ .. _. 
Total mineral matter, grains per gallon of 231 cubic inches 
Pounds soluble incrusting solids per 1,090 U. S. gallons .... 
Pounds soluble non-incrusting solids per 1,000 U. S. gallons 

TRACY, MARION COUNTY 
(Altitude 715 feet) 

GR.AINS PER GRAINS PER 
GALLON . GALLON 

.250 .140 

.090 .16,3 · 
Trace Trace 

23.901 21.714 
12.953 6.985 
Trace 3.904 
59.009 34.029 
18.020 14.790 

.124 .269 

114.347 81.994 
Trace Trace 

.350 1.402 
37.194 29.002 
77.153 52.992 

114_35 81.994 
5.31 4.17 

11.02 .757 

in 1925 the Chicago, Burlington and Q~incy Rail;oad .Company 
put down a well at Tracy for locomotive supply. The well is 150 
feet deep and its original diameters ~ere 12 inches to 125 feet and 
6 inches to bottom. Wben a d~pth of 125 feet was reached a four 
hour pumping test raising 70 g.p.m. failed to lower the water 
~evel, which was 81 feet above the bottom. At this stage only 20 
feet of twelve inch casing had been inserted. However, the water 
was too hard and was cased off with six inch casing extending the 
full depth of the well. After the well was completed the six incn 
hole was filled with concrete, the six inch casing was all with-
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drawn and the twelve inch casing was driven to 66 feet. Water 
then stood 39.5 feet below curb. A test gav:e 71 g.p.m. for five . 
hours and lowered the w~te'r level only eight inches. In 1927 the 
well ~as reamed with a twelve inch bit into the concrete filling . . 

D1'iller's Log 
DEPTH BELOW 

'GRADE, FEET 

Clay .............................................................................................................................. 0-24 
Shale, black ....................................................................................................... _....... 2.4-66 
Shale, hard, gray ......................................................................... _............................. 66-92 
Limestone. Reamings are: finely sandy, gray, sparkling facets; fine· · 

grained, gray, black, some conci'etionary, some lithographic, some with 
patches of calcite; flint, white and .gray; pyrite; sandstone, fine, gray, . . 
black 1i1ms ...... :................................................................................................... .92-108 

Rock, hard, white, with soft streaks ............................................................ : ......... 108-116 
LiII1estone, white .................................................. : ........................................... _ ......... 11&-123 
Limestone, .soft ... ,., ..... _ ........................ 'C' .................................................................. 123-125 
Limestone, hard, creviced: Reamings 'show chert or flint, dark gray, very ' . 

fine· grained, some response to acid ., ....... , ........................................................ 125-130 

~:~~:~~~:; :o~~ ;hit·~ .. ::::::::::::::::::::::·:::::::::::::::::::::::::::::::::::::::: : :::::::::::::::~=:::::::~::::: ~~t ~~~ 
Sandstone, h!Lrd ......................................... ' ............................... : ....................... , ....... . }39-:150 

URBANA, BEN.T ON COUNTY 
(Altitude 901 f eet) 

The public supply of this town is a well 1154 feet deep, its 
diameters ranging from ' 8 to 6 inches.' The chief water bed, 
found at the bottom, is probably' the Saint Peter sandstone af: 
.the well is deep enough to reach that formation. The static level 
is 125. feet below the surface and with ' the cylinder hung at ·300 
feet the pumping capacity is 35 g.p.m. ample to a maximum' con­
sumption of 10;000 g.p.d. 

Mineral Content of Cit'y Well, UrbaM,!' 

P.P.M. 
Bicarbonate ........................................................................ 314.7 
Chloride ............................. : ............................... _............... 6. 
Sulphate .. , ..... :.................... ................................................ 30.2 
Silica ................................................... _............................. 9.2 
Fe,O.+Al,O ............................. ,......................................... 5.4 
Calcium .............................................................................. 119.5 
Magnesium ....................................................... _................ 40.7 

, Na + K as Na ..................................... _........................... 26.6 

Total solids ................................................... _ ............. . 394.9 

. * Analysis by Dr. Harry F . Lewis, Chemical Laboratory, Cornell College, Mount Vernon, 1927 . . 
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VAN BUREN COUNTY 

Log of well drilled on farm of A : Nv.xon, 5lh miles southeast 'of Stockport. 
S. Shearard, of Colchester, Illinois, driller. 

DEPTH IN FEET 

Surface formation ............................................................. _ ........ _ ... ,......................... 0-40 
Limestone ........................................... _ ................ _..................................................... 40-85. 
Slate (muddy) ; streak of coal, streak of shale, a little shale oil ......... _......... 85-110 
Lime ....................................................... _ .............................................................. _ ... 110-270 
Slate ........................................... _ ...................................................................... _ ....... 270-272 
Limestone ................................. _ .... ~ ................................... -' .................................. _ ... 272-320 
Slate and shale ....... _ ................ _ ................ _ ............................................................. 320-380 
Lime, shelly ................................................... _ .................... _ ...... _ ............ _ .......... _... 380-385 
Blue shale ................... _ ....................... : .............................................................. _ ....... 385-430 
Brown shale ........................................................................................... : ..... + •• •••• _ ••• 430-470 
Light blue shale ......... _ ................................................ _.: ......................................... 470-635 
Salt water sand ..................... _ ........................................ _ .......... _ .......... _ ............ , .... 635-642 

The heavY shale from 320 to 470 feet· may be referred to the 
Kinderhook, and possibly its basal portions to the Devonian. 
The color and place of the "light blue. shale'" (470-635) suggests 
argillaceous limestones of the Devonian, while the "salt water 
sand'; recalls the gypseous beds of the Silurian at Mount Pleas­
ant at this horizon, on account of the frequent association of 
gypsum and salt. 

VAN HORNE, BENTON COUNTY 
(Altitude 946 feet) 

WELL OF CHICAGO, MILWAUKEE AND SAINT PAUL RAILWAY 

After consultation with this office, the Van Horne deep well 
was drilled in 1915-16 for engine supply. The depth is 2340 feet; 
the diameters are 16 to 6 inches; the contractor, S. B. Geiger of 
Chicago. When ~he well had reached its present depth, advice 
was sought as to continuing the work. ,It was pointed out in re­
ply that the drill hole was already one of the deepest in Iowa, 
measured in the distance below the Saint Peter sandstone. The 
drill had ' pierced strata as deep as or deeper stratigraphically 
than the 3000 foot wells of Boone and Des Moines. The main 
water beds had been passed through and the Algonkian floor was 
probably near. There was no probability that more water would 
be found, and if found it probably would be highly mineralized. 
In accordanc~ with this advice the drilling was stopped. 

The forecast which had been made of the formations through 
. which the drill would pass was proved' to have a sufficient degree 
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of accuracy. The Saint Peter sandstone, the driller's first ob­
jective, predicted at 1290 feet, was found at 1270 feet, and the 
Jordan sandstone within a narrower margin. 

The poor quality of the Ordovician and Cambrian waters was 
unexpected. The nearest deep wells to the east, at Vinton and 
Cedar Rapids, yield good water at these horizons. Van Horne is 
situated well to the east of the Mississippian zone of outcrop, and 
even if the Silurian should be found to carry gypsum, as at 
Marshalltown, deleterious upper waters could be Gased out. But 
although special efforts were .made to effectively case out upper 
flow, the de~p -artesian waters were found highly mineralized. 
The well was therefore abandoned. It has since been leased to 
the town and the public supply is drawn from: it. 

It will be noted in table that two water beds supply distinctly 
better waters than the others: the Galena limestone (906-960 
feet) and the Prairie. du Chien (1540 feet); The Galena water is 
free from both calcium and magnesium sulphates and carries li~- . 
tIe more than one-half the total. solids of the rest. The discharge 
was tested at various depths with the estimated results given in 
the following table. * 

DISCHARGE IN HEAD BELOW GEOLOGICAL 
SUITABILITY FOR DEPTH IN GALI,ONS PER SURFACE IN FORMATION OF 

BOILER .USE FEET HOUR FEET WATER BED 

290 600 150 Devonian 
480 600 140 Devonian (') 
510 110 

Water cased out to 485 feet 
Devonian (') 

620 I 1900 135 Silurian 
Water cased O'll·t to 8eo feet 

920 500 200 Galena 
Suitable 950 3000 200 Galena 
Unsuitable 1000 160 Platteville 
Unsuitable 1225 160 Platteville 

1300 12000 200 Saint Peter 
Unfit .1400 200 Shakopee 

Water cased out to 1450 feet 
N ew Rich~ond Poor 1485 

I 
. 1200 160 

Poor 1710 160 Jordan 
Poor 1885 4500t 160 Jordan 

It win be noted that the supply from the Galena dolomite and 
Saint Peter sandstone as tested at 1300 feet, with all water cased 

* As reported by officials in charge. 
t With pump cylinder 250 feet below surface. 
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out to 820'feet, reached the alllple n.guTe of 200 gallons .per ·min­
ute. With water cased o'ut to 1450 feet, the supply fr.om the' New 
Richmond, Oneota and Jordan combined -reached only 75 gallons 
per minute . . 

. . , ~ 

Chemical Analyses of Water of 'Van HI)Tne de,ep w~ll, in grains per U. 8. gallon 

, I 
, 

DEPTH IN FEET 
PROBABLE 

COMBINATION 300·415 485·675 906·960 1000 1400 1540 1770 1855 -_. --- --------~---
Calcium ' carbonate' 4.93 1.33 
'Calcium sulphate. 25.63 14.44 ".M~ •• 19.16 '27.34 ' 20.08 28.37 26.07-
Magnesium carbo.nate 15.28 1.6.12, 7.44 .11.15 · 15.28 . 12.89 13.05 12.38 
Magnesium sulphate 6.14 17.27 -_ .... 6.58 4.90 .. -_ ... 5.88 6.28 
Oxides . 0.41, " ; 

-------------------
Incrusting solids 47.46 47.83 12.37 36.89 : 47.52 34.30 47.30 '44.73 

--- ------
Alkali ' carbonate '. . 3.iO· 

,.Alkali , sulphate 33.49 32.82 . 26.80 34.26 35.11 ' 22.22 35.03 35.02 
:Alkali chloride 1.55 8.46 3.41 2.34 1.46 . 1.3~ 1.17 1.46 , , 

-. ~ 

Non·incrusting solids 35.04 41.28 33.31 36.60 . 36.57 23.58. 36.20 36.48 
, . ' Total solids' . 82.50 89.11 45.68 73.49 84.09 57.88 83.50 81.21 

;Description of 'Strata and Driller~s Log 

DEPTH IN FEET 

Pleistocene and Recent (254 .feet thick; top 943 feet above sea level): 
. . ' 'SuiJace to rock" , ______ : __ ,: __ ." ____ . ______ . __ . __ . __________ .,,. ____________________ .,, ____ ,, __ .,, _____ ,_____ . 254 , 
Devonian (231 (f) Ifeet thick; top 689 feet above sea level) : 

, , Limestone, light yellow and brownish gray, soine minutely mottl~d with 
, dark brown grains, rapid effervescence in eold dilute HOI, in 

. flaky chips!; ~ ~!~rb.e ro~k-" ____ . __ :",, __ .,, _________ , ____ .,,::, __ ... __ __ ,, __ ,=: ____ : __ ,. ______ . '254-418. 

, Shal~~~~a~~ ~~ ~!~:~~~a~:,,~~~.~,,~~.~~:.~,~~.~~~.~~,,~~~.~.~~~~,~~.~,,:.~.~~~~: 418-485 
t \ Unirnown, n'o samples i " lime rock'" ..... '' .. '' ... _ ...... '' .... __ ... , .. ''.'''''' .... ! .. ,, ____ ... 485-520 
Silurian (195 (') f~et thibk; top 423 (') fee.t apQve sea level) :. . 

Limestone, yel~ow, blue;gray and buff, compact, fine'grained, some 
minutel! p'yri~iferous, rap~d effervescence, !~ small : chi~s i with 
m)lch flint, : white and drab, no quartz sand; sandy lime """. __ ." 520-560 

Dolomite, light I yellow·gray, cherty; ' " lillle rock" '" __ " __ ,, .. ,, ... ,, __ .,,: __ "" __ . 560-710 
Ordovician: ; , . . ' 

' Maq)loketa shales (193 feet thick; top 233 feet above sea level)- . 
. Shale, bluei-gray, somewhat 'calcareous; "blue shale, caves" __ "" __ :. 710-785' 
. Shale, liglj.t blue·gray, some dark olive green, SPllle blackish; 

"shale and streaks of lime, 785·960 feet ! ' "."_ .. ,,,"" ____ , __ ,,....... 785-903 
Galena and Platteville limestone, (362, feet thick; ' top 40 .feet above sea 

level)- . 
Dolomite, dark b'rown, some saccharoidal, with greenish shale in 

. w,ater worn .. lumps ____ " __ ,. __ ." ... " ____ .. " __ ... ____ ".,,,,,, __ ..... __ ,, __ .. ,, .. __ .... ___ ... 903-960 
Limestone, light yellow, Platteville facies, rapid reaction . ________ .. "". 960-1175 
Limestone, ,light brownish, compact, rapid reaction, in sand; ".lime ' 

t I and thin streaks of shale" ..... _ .. _ .. ______ ._~_ ~ _______ __ ______________ ._. __ ... ____ ... :1175-1198 
Shale, blue· green, i.Ji. concreted masses, With some sana. of limestone, 

pyritiferous; "blue shale' ' ................................... ___ ..................... 1198-1205 
Limestone, yellow· gray, earthy, in flakes, rapid reaction .: .................. 1205-1258 
Shale, blue· green, as at 1198; "caves a little" ......... _ ..................... 1258-1265 
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Saint Peter sandstone (40 feet thick; top 32~ feet below sea level)"':­
Sandstone, light yellow in mass, moderately fine of grain, grains 

well rounded, and ground .......... : ....................... : ...................... :., .... ~1265-1305 
Prairie du Chi(ln (435 feet thick.; top 362 feet below sea, level)-

Shakopee dolomite (180 feet thick)- . . . 
! t Shale, ·caves a little"; no samples ................................................ 1305-1311 

Dolomite, yellow· gray, in fine sand, with some chert, grains 0:1:' 
quartz sand, and rounded lump& of green shale; "lime" .. 1311-1430 

Dolomite, as above, with more qu"aI:tz sand; "sandy lime" .... 1430-;-1450 
Dolomite, buff, with white oolitic chert, and some quartz sand; 

• t t sandy lime" ...................................... : ........ : ..... : ..... ...' ........ : ...... 1450-1485 
New RichmoJ;ld ~andston~ (50 f~et thi<;k)- , '. 

Sandstone, calciferous, with considerable calcareous powder, 
some white chert; t t sand" : .......................... : ....... : ............... J.485-1535 

Oneota dolomite (205 feet thick)- , 
Dolomite, arenaceous; buff, in fine' sand, grains of quartz im· 

perfectly rounded; t t sandy lime" ................... , ........ " ........... J.535-1545 
Dolomite, whitish, in fine sand; "lim~"; 2 samples ................ :--154~1740 

Cambrian: 
Jordan sandstone (190 feet thick; top 797 feet below sea level.)­

Sandstone, light b~ff in mass, fine grains, imperfectly rounded; 
t t sand" ....... : ......................................... _ ....................... ~ ..................... i 740-1754 

t t Sandy lime"; no. sample ...... : ............. .' .. ~ ..................... : .......................... 1754-1775 
Sandstone, light yellow, fine grained; "sand ~' ................................ 1775-1847 , 

. San.dstone, calciferous, fine·g~ailled, 'larger grains. well rounded, . 
much fine angular quartzose material, cement dolomitic; 
"lime" and" sandy lime"; 2 samples .......... : .......... ~ ................ 1847:..1930 

Saint Lawrence (Trempeauleau doIQmj.te) , (120 feet thick; top 987 
feet below sea level)- ' " . 

Dolomite, gray, crystalline ...................................................................... 1930-1950 
t t Lime"; no samples .................................................................................. 1950-2050 

Saint Lawrence (Franconia shales) (290 feet 'thick; top 1107 feet be· . 
low sea level)-

Shale, blue gray, clayey ............................... ; .............................. : ........... 2050-2145 
Shale, bright green, glauconitic ........... _ ............................................... 2145-2183 
Sandstone, rusted, rather, fine of .grain, grains moderately well 

rounded ....... _ ......................................................................... : ............. 2183-2194 
Marl, light chocolate brown, clayey, with much fine angular quartz· 

, ose matter, somewhat calcareous, in powder · .............................. 2194-2220 
Marl, darker brown than above, with much fine quartz sand and 

finest angular- quartzose matter, in powder ................................ 2220-2·250 , 
Shale, and sandstone, shale dark brown and green, noncalcareous, in 

chips; sandstone, brownish, fine· grained, hard, glauconitic, and 
, white, calciferous, glauconitic; to bottom of well ...................... 2250-2340 

N otes.-The samples of the cuttings of the Van Horne well are 
too few for accurate determination of the strata. ' Thus hut two 
samples of limestone represent the 195 feet assigned to the 
Silurian. The upper of these samples, 520-560 feet, lithologically 
is much more like the Devonian, and the presence of flint may be 
expected from the lower Devonian 'strata as well as from the 
;Niagaran. ,But to. assign this body of limestone to the Devonian 
would reduce the thickness of the Silurian to 150 feet, while at 
Cedar Rapids, Vinton and Belle Plaine the dolomites clearly re­
fer.able to the Silurian exceed twice that measure. Probably this 
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sample, if correctly labelled, was taken at or near 520 feet and 
the change to the Silurian dolomites escaped the driller's notice. 

, To accord with the Cedar Rapids-Belle Plaine section the summit 
of the Spurian should be placed even above the "lime rock" from 

.485 to 520 feet, of which no samples were taken. 
While the driller's log records "shale with streaks of lime" 

from 785 to 960 feet, the sample representing the run from 903 to 
- 950 feet is of dolomite. The blue print showing the progress of 

the well records this run as "brown siliceous dolomite". 
The gradient of the summit of the Saint Peter sandstone from 

Van Horne to Cedar Rapids is little more than one foot to the 
mile. To the southwest the gradient to Belle Plaine is about 11 
feet to the mile; 

WACONIA, LINN COUNTY . 

At this station on the Cedar Rapids and Iowa City Interurban 
Railway about 4 miles southeast of Cedar Rapids a well was' 
sunk for the Waconia Sorghum Mills Company in 1926 by Chas. 
D. Nolan of Cedar Rapids. 

The well is 384 feet deep .and 1.2 inches in diameter. A fair 
flow was found at 70 feet. The limestones yielded water all the 
way to the bottom, with the best flow at 300 feet. Water' stands 
15 feet below the curb and with the pumping cylinder 60 feet 
.below the curb the capacity is 375 gallons per minute. The well 
exhausts on pumping 400 gallons per minute. The well is cased 

II to 64 feet and cost $2304. 

Record of strata 
Pleistocene: 

Sand, orange ...................................................................................................... 5·35 
Wapsipinicon and Niagaran (f): . 

Dolomite, light buff, fine grained, compact ................................................ 80-95 
No samples .......................... _ .......... _................................................................. 95-220 

Niagaran: 
Dolomite, light blue and yellow· gray, cherty at 365; 7 samples .............. 220-370 

WALNUT, POTTAWATTAMIE COUNTY 
(Altitude 1295 feet) 

. A well 251.0 feet in depth was completed for the town of Wal­
nut in 1919 by the J. P. Miller Artesian Well company of Chi­
cago. The well is cased throughout, the lowest casing, 5 inch, 
being; perforated. The diameters are shown by these casings: 
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12 inch pipe 
10 inch pipe 

8 inch pipe 
6 inch pipe 
5 inch pipe 

FEET 

302 
938 
159 
641 
489 

INCHES 

3 

3 
6 

Water was found at about 300 feet, as reported by the city 
officials, probably in or just below the "fine sand" (PleIstocene') 
of the driller's log occurring from 280 to 290 feet. According to 
the driller's report water stood at 265 feet below the curb in the 
"sandy lime" from 1804 to 2050 feet and at 255 feet in the "lime, 
shale and rock, caving from above" from 2050 to 2137 feet. 
Here the well pumped on test 125 gallons per minute through an 
eight inch pipe, but when pumped faster than at the above rate 
showed a draw down below the cylinder at 335 feet. . 

The sandstone from 2475 to 2510 was the chief water bed and 
it is the driller's opinion that water also came in crevices in the' 
limestone below 2400 feet. On 'completion, the static level was 265 
feet below the curb, and with the pumping cylinder set at 335 
fee.t .the well delivered through an 8 inch pipe 175 gallons per 
minute. 

At present under air the well delivers without draw down 400 
gallons per minute. The water is liked by the consumers and al­
though it scales .badly in boilers has no medicinal or injurious 
physiolo~ical effects. The cost is reported at $15,003. 

Log of City well, Walnut 

DEPTH IN FEET DEPTH IN FEET 

Drift and shale .......................... 0-280 Broken lime and ~hale .............. 1250-1550 
Fine sand .................................... 280-290 White limestone, first good 
Limestone, rotton ...................... 290-305 rock ...................................... 1550-1666 
Shale ............................. _ .... _....... 305-315 Hard lime .................................... 1666-1800 
Red caving material ......... _ ........ 315-325 
Shale. ._......................................... 325-440 
Lime ......................... _................. 440-452 

Streak light green shale ......... _.1800-1804 
San!1y lime ..................... _ ......... 1804-2050 
Lime, shale and rock caving 

Yellow and blue shale ......... _ ... 452-780 from above ........................ 2050-2137 
Streaks lime and shale ............ 780-830 Sandy lime ..... _ ............... _ .......... 2137-2185 
Coal ... _ .... ~ .......... __ .... _ .... _ .... _... 830-836 Shale and lime ......... _ ... : ........... 2185-2200 
Soapstone ...........•........................ 8'36-848 White lime ... _.: ........................... 2200-2250 
Shale and broken lime ... _ ......... 848-1035 Sandy lime .................................. 2250-2300 
Mostly lime ..... : ............. _ ....... 1035-1100 Light brown sandy lime ............ 2300-2390 
Shale ............................................ 1100-1110 Shale, like slate ......... _ .... ~ .......... 2390-2400 
Shale, caving badly .................. 1110-1130 
Shale and lime .......................... 1130-1150 
Lime mixture ... , .......................... 1150-1205 

Lime, some crevices .................. 2400-2475 
Soft water·bearing sand; fin· 

ished in lime ........... _ ......... 2475-2510 
Shale ........................................... 1205-1250 
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Notes.-In the above section' the base of the Coal Measure 
shales is certainly as deep as 848 feet, and more probably lies at 
1.035 feet (158 feet aQove sea level) ,,29.0 feet lower than at Audu­
bon, 23 miles northeast, and 142 feet lijgher than at Oakland, 14 
miles southwest. At both Walnut and Oakland the floor of the 
Coal Measures is considerably lower than had been estimated on 
the basis of a uniform gradient toward the Council 'Bluffs-Omaha 
area.72 ' ) . 

The depth of the well at 'Walnut, 1217 feet below sea level,'is 
more than sUfficient to' reach the Saint Peter sandstone, ' accord­
ing to any accepted estimates. At Audubon the top of the Saint 
Peter is at 745'feet below sea level; and accor,ding'tb the probable 
spacing of the' Saint Peter contours the Saint Peter should be 
struck at Walimt between 8.0.0 and 9.0.0 fe'et below' sea level (2.093 
and 2193 feet from the surface). In the driller's log the "lime, 
shale and rock caving from above, 2.050-2137 feet" II?-ay possibly 
designate the horizon ,of the . Glenwood shale, which usually 
caves. ' If thjs is the case, and the Saint p'eter is absent the 
"sandy lime" describes the Prairie ' du Chien, whose arenaceous 
dolomites, are commonly thus referred to in logs. 

If the su~m:it ' of the Saint Peter dips to the southwest from 
Audubon at the same rate as the Coal Measures floor; it would be 
expected at vValnut 'at about 1035 feet below sea level, 2328 feet' 
from the surface. 
, A letter from Mr. C. P. Miller, of the experienced firm of con­
tractors, tends to support the theory that the Saint Peter is here 
absent, and hence to refer the stratum in which the well foots to . 
the Jordan or some 'other Cambrian sandstone. " Concerning 
the Saint Peter sandstone formation, we are under the jmpres­
sion that we never 'found this stratum, unle'ss it was the short , 
streak of sand we encountered between 2475 and the completion 
of the well at 251.0 feet. However, the writer was on the job at 
the time and I would not definitely say it was the Saint Peter sand 
from the fact that it had a .different color and a mixture that dif­
fered entirely from what we encountered in the eastern part of 
the state." ' 

'. 72 Underground Water Resources of Iowa: Iowa GeoJ. Survey. vol.' XXI. ,fig. 7. p. 1100. 
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Mineral .Content of. City Well, Walnut~ 

P.P.M. 
I n 

Bicarbonate _ ... _______________________ _________ ___________________________________ 209.8 
Chloride ___ _______ , __ : ___ .. _________________ . ___________ . ___________ • ___ ____ : __ __ . __ 207. 
Sulfate _____ . _______ _____________________________________________________________ ___ 577.2 
Silica __ ______ . ____ . ___________ ___________________ __ ____________ ____________________ ___ 114. 
Fe,O.+AI,O, ____________________________ :___________________________ ____________ 1.2 
Calcium ____________________ __ _______________________________________________________ 152_2 

." ~:g+s~~s -N;;.-:::::::::::::::::::~::::::::::::::::::~::::::::::::::~:::::::: 2~n 
Total solids ___________________________________________________________________ 1336.0 

WASHINGTON 

WELL NO.4 OF THE MUNICIPAL WATER AND LIGHT PLANT .- . ..' 

This well was drilled in 1924 by the F. M. Gray, Jr., Company 
of Milw3:ukee. The depth is 1817 feet, and the diameters are 
15112 inches to 256 feet"12 inches to 620 feet, 10' inches to 1510 
feet, and 8 inches to the bottom. The well is cased to 1510 feet. . '.. . 

Water Beds 

FO&MATION HEAD IN ~'EET BELOW CURB 
. Glacial sands. __________________________________________________ _ 

Glacial sands ________________________________________________ _ 
Glacial sands __ _____________________________________ __ _________ _ 
Saint Peter sandstone _______________ _____________________ 130 
Oneota dolomite _____________________________________________ 230 
Oneota dolomite _________ . _________________________________ ___ - 180 
Trempealeau dolomite _______ ,____________________________ 180 
Trempealeau dolomite __ : _______________________________ _ 

DEPTH IN FEET 

70 
105-120 
230-235 

1200 
1500 
1520 
1785 
1817 

The final and present head is reported at 120 fee-t below the 
curb, but the log does not make it clear that this was ·the head of 
the lower Trempealeau waters at 1817 feet. 'The' well pumps 550 
gallons per minute (draw down, 61 feet), pumping cylinder at 
150 feet. 

Record of Strata* 
Drift (255 feet thick) : . 

White and blue clay ( no samples), till ___________________ ______________________ ______ .. _. __ .. 0-70' > 

Gravel, fine, buff _ ... : ... __ .......... __ .. _ .. _ ...... _ .. _ ......................... __ .. _ ........... __ ........ _ .. _. 70-75 
Clay, blue, till (no samples) ' ............ _ .... ___ .... _ .. __ .. _ ........ _ ............................... _ 75-105 
Sand and fine gravel, gray .. ______ .. _ ...... _ .... _ .. __ ...... _ .... _ ........... , ............... _ ... _ ..... 105-120 
Clay, blue, calcareo.us, till ...... _ .. _ ...... ___ .... __ .... ___ ... :_ .............. __ .... _ .......... _:_ ........ 120-235 
Sand and fine gr!l-vel, gray .. _______ .... ___ .... ____ .. __ ...... _ .. ____ .. ___ .. __ ...... _ ..................... 235-255 

Mississippian (180 feet thick) : 
Shale, white (no samples) ...................... _ .. _ .................................. _ ........ _ .......... 255-360 ' 
Shale, brown _(no' samples) ...... _ ................... _ ...... _ .............................. _ ............ 360-385 

* Analysis by Dr_ Harry F_ Lewis, Chemical Laboratory, Cornell College, Mount Vernon, 1927. 
* By F_ T _ Thwaites, Wisconsin State Geological Survey. 
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Shale, blue (no samples) ......................................................................... _ .... ~ 385-435 . 
Devonian (99 feet thick) : . 

Limestone, brown (no samples) ...................................................................... 435-475 
Limestone, gray (no samples) ......................... _ ............................................. 475-527 
Limestone, brown (no samples) ..... _ .......................... : .................................. 527-534 

Silurian: . 
Niagaran (31 feet thick) : 

Dolomite, gray ............. _ ............................................................................. 534-565 
Ordovician: 

Richmond (Maquoketa) (200 feet thick) : 
Shale, blue and greenish gray, calcareous .......................................... 565-605 
Shale, brown (no sample) ........................................................................ 605-620 

. Shale, blue, calcareous ....... _ .................................................... _ ............. 620-700 
Shale, brown, sandy (no samples) ................... _ ................................... 700-735 . 
Shale, blue, calcareous ................. _ ......................................................... 735-765 

Galena·Black River (Galena·Platteville) (343 feet thick): 
Dolomite, gray ....................................................... _ ............. _.................. 765-795 
Limestone, light and dark gray, layers of oil shale toward base ...... 795-1050 
Lime, dark gray and brown ..................................... _ .... _ ........... ; ........... 1050-1080 
Sandstone, coarse to fine, light gray, calcareous; much dark gray 

shale ..................................... _ ........................................................... :.1080-1108 
Saint Peter (102 feet thick) : 

Sandstone, white, medium to fine, calcareous toward base; with red 
shale seams ....................................... _ ...................... _ ....................... 1108-1208 

Shale, red and green ................................................................................ 1208-1210 
Prairie du Chien-

Shakopee (148 feet thick) : 
Dolomite, gray, much sand; some green shale, and white chert .. 1210-1250 
Dolomite, gray, little sand ... _ .......................................... _ .. _ ......... 1250-1353 

New Richmond (27 feet thick) : 
Sandstone, white, medium ................................................................ 1353-1365 
Dolomite, pink ....................................... _ .............. _ ......................... 1365-1375 
Sandstone, white, medium; pebbles of chert ........................... _.1375-1380 

Oneota (205 feet thick) : . 
Dolomite, gray ........................................... _ ..................................... 1380-1410 

Cambrian: 
Dolomite, gray, much white chert, part oolitic ............................ 1410-1585 

Jordan (75 feet thick) : 
Sandstone, light gray, medium, calcareous ....... _ ................................. 1585-1660 

Saint Lawrence-
Trempealeau (penetrated 157 feet) : 

Sandstone, fin,e, liglit gray, calcareous; with streaks of gray 
dolomite ... _ ........................................................ _ .......... _ .. _ ....... 1660-1705 

Sandstone, like above; with abundant beds of gray dolomite .... 1705-1735 
Dolomite, light gray; some sands ........................... _ ..................... 1735-1785 
Dolomite, light pink; little .fine sand ............................................ 1785-1817 

Driller' 8 log 

DEl'TH IN FEET DEPTH IN FEET 

Soil, black, soft .......................... 0-3 
Shale, yellow, hard .................... 3-15 
Gravel, yellow, soft ... __ ........ _. 15-70 
Sand and gravel, soft ......... _..... 70-75 
Shale, dark, soft ........................ 75-105 
Quicksand, gray, soft ................ 105-120 
Slate, dark, hard .................... , ... 120-135 
Slate, dark ........................... _ ..... 135-230 
Sand, light, hard at top, soft at 

bottom ... _ ............................. 230-235 
Slate, dark, soft .......... ; ............. 235-245 

Slate, white, cavy; hard, top; 
soft, bottom ... _ .... _........... 245-365 

Slate, brown, hard ................. _... 365-430 
Lime, brown, hard ...................... 430-450 
Lime, light, hard ..... _............... 450-540 
Lime, brown, hard .................... 540-565 
Slate, blue, cavy, soft .............. 565-600 
Slate, brown, soft ...................... 600-615 
Slate, light, soft ........................ 615-725 
Slate, dark, soft ..................... _. 725-780 

. Lime, dark, hard ........................ 780-795 
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Lime, light, hard .... : ................... 795-945 Sand, lime, light, soft ... _ ......... 1425-1460 
Lime, gray, hard ........................ 945-1025 Lime, light, hard ........................ 1460-1515 
Lime, .brown, hard ....... _ ............. 1025-1050 
Lime, gray, hard ........................ 1050-1080 
Slate, blue, soft .......................... 1080--1100 

Sand, light, hard ...................... 1515- 1530 
Lime, gray, hard ..................... _.1530--1585 
Sand, white, soft ........................ 1585-1605 

St. Peter sand, white, hard and Sand, white, hard ...................... 1605-1655 
soft ........................................ 1100--1195 Lime, brown, hard .................... 1655-1665 

Slate, blue, soft ... _ ..................... 1195-1205 
Lime, red, hard ............................ 1205-1210 

Lime, white, hard ............... _ ..... 1665-1685 
Sand, white, hard ...................... 1685-1725 

Lime, gray, hard ........................ 1210-1355 Lime, gray, hard ... _ ................... 1725-1745 
Lime, red, hard .......................... 1355- 1365 Lime, brown, hard ...................... 1745-1785 
Lime, gray, hard ........................ 1365-1425 , Lime, pink, hard ..................... _.1785-1817 

Notes.-In·comparing the above section of well 4 with the sec:. 
tions of the earlier wells73 their substantial agreement will be 
noted, and as well their mutual supplement as either the earlier 
or the later sections have the fuller data. 

In Calvin's section of one of the earliest of the Washington 
wells,. samples attest a calciferous sandstone at the horizon of the 
Roing sandstone of the Silurian, above the Maquoketa shales. 
Norton's section of well no. 3 gives here a' siliceous dolomite with 
calciferous sand,stone. In Thwaite's section of well no. 4 no 
sandy beds occur at this horizon, and it is perhaps more probable 
that the Roing sands were not struck by the drill in this well­
for the sands are spotty and lenticular-than that the samples 
fail to completely represent the rock. 

The Maquoketa in well no. 3 is represented by samples extend­
ing from 563 to 620 feet, and the first sample of the Galena dolo­
mite occurs at 710 giving a thickness to the shales of 141 feet. 
Calvin's data, however, led him to place the summit of. th~ Ma­
quoketa at 632 feet and its base at 793 feet-giving a thickness of 
161 feet. In well no. 4 the top is pl~ced at 565 and the base at 
765 feet giving the formation a thickness of 200 feet. These dif­
ferences seem due to , difference in the interpretation of transi­
tional heds as well as to difference in the data at hand. 

In well no. 4 the Saint Peter is overlain by a "blue shale" ac­
cording to the log-"sandstone, much dark gray shale", of the 
record. Calvin also found here an "arenaceous shale", and 
N orton records ' "shale, hard, green, fissile;' and sandstone." 
While placed with the Galena-Platteville in the sections, the af­
finities of this shale, the Glenwood, are with the Saint Peter. 

73 Underground Water Resources of Iowa, Iowa Geol. Survey, vol. XXI, pp. 743-46. 
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The "sandstone with streaks of dolomite" from 1660 to 1705 
and the 30 feet of underlying" sandstone with abundart beds of 
dolomite" in the section of well no. 4, classified as Trempealeau, 
were placed with the Jordan sandstone in the section of well no. 3. 

WATERLOO 
(Altitu,de 8,49 feet, 1. C, E. E.) 

CITY WELL NO.4 

The fourth well of the city of Waterloo ,was completed in 1914 
by th~ J. P. Miller Artesian Well Compapy of' Chicago. ' The 
depth is 1378 feet and the diameters are from 16 to 9 inches. 
The , principal ,supply WllS struck. a~ about. 850 feet (St. Peter 
sandstone). Other water beds were found at 800 and from 1200 
to 1350 feet. 

On. completion . of the well the water flowed over the top. Ip. 
1927 the head had fallen to 34 feet below the surface. T·he pu~p­
ing capacity with the cylinder set at 128 feet continues to be 750 
gallons per min1;lte, and under. capacity pumping in all wells the ' 
. static head is lowered 62 feet. The cost of this well was $8,365. 
The following log is reported by the superintendent of water-
work~: ' .. 

. • DEPTH IN FEET 

Loam, clay, sand and gravel ............ : ..... : ............................... : ..... ~ ..... :..................... 0-20 
Cedar Valley limestone , ...................................................... ,.................................... 20-100 

,~~:i:.~~~~~~ ... ~~.~~~.~~.~ ... ::::::::::::::::::::::::=::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: i~g~~~g 
~:r:::~a·ds~~~i~~ ... ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::':::::::::::::::::::::::: ~gg=~~~ 
Galena limestone ............................................................................ : ........................... 575-850 
Platteville shale and limestone ............ : ................................................................. 850-900 
Saint Peter sandstone .............................................................................................. 900-950 
Shakopee dolomite .................................................................................................... 950-1100 
New Richmond sandstone ........................................................................................ 1100-1150 
Oneota dolomite ........................... : ............................................. : .............................. 1150-1275 
'Jordan sandstone ............................................................................... ; ..................... 1275-1375 
St. Lawrence sandstone ............................................................................................ 1375-1378 

CITY WELL NO.5, WATERLOO 

This well was completed in 1922 by the F. M. Gray, Jr., Com~ 
pany of Milwaukee. The depth is 1409 feet and the diameters 
are from 20 to 10 inches. The well is cased to 876 feet. The' 
Saint Peter is the chief water bed. In well no. 1 the main flow 
was found in the Jordan or the Trempealeau. The static level is 
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qO feet below curb 'with a draw down'of 100 feet whe:o."pumping 
up to capacity of 1350 gallons per minute. The pumping cylinder 
is set at 156 feet. . 

Record of strata* 

DEPTH IN FEET 
Devonian (165 feet thick) ; 

, Limestone, light brown ........ ,........................................................................... 0-10 
Limestone, gray, mottled brown at top ..........•........................ , .......... , .. ~...... 10-40 
·Limestone, gray, sandy, cherty ....................................................... _................ 40-55 
Limestone, gray ................................................................ .' ............ _ ... "............. 55-90 
LimestonEl, gray, sandy, cherty ......................................... :............................ 90-110 
Limestone, gray and blue, brecciated .... , . .-........................................... _ ...... 110-125 
Limestone, light brownish gray ............................................. , ........................ 125-135 
Limestone, bluish gray, sandy ..................... , ................................................ 135,165' 

Silurian: . 
Niagaran (75 feet thick) : 

. polomite, mottled blue and light. gray; no samples from 195·210 .... 165-240 
Ordovician: 

Cincinnati (Maquoketa) (230 feet thick) : , 
Shale, blue, calcareous ... _ ...................................................... _ .... _ ......... 240-295 
Shale, no sample .............................. , ...................................... _ ....... "-, ..... 295-310 
Shale, blue, calcareous ............................................ , ............................... 310-425 
Dolomite, dark gray, shaly ............................... _ ........ _ ................. : ....... 425-445 
No sample ................................................. _ ..... :_ ....................................... 445-455 
Dolomite, dark gray, shaly ....................................... , ............................. : 455-470 

Galena-Platteville (371 feet thick) : 
Limestone, gray (Galena ') .................................................... , ...... _ ....... 470-485 
No samples, limestone ........................... : ... ~ ............................................ 485-698 
Limestone, gray ................... ; .................... _ ........................................ _, .... 698-74;5 

' Shale, bluish gray, calcareous (Decorah) .: .......................................... 745-760 
Limestone, light . blUish gray .... : ............ _, ................... :.. .... , .................... 760-775 
Shale, blue, calcareous ............................................................................ 775-780 
Limestone, bluish gray (Platteville) ... _ .................................. _ ........... 780-785 

~~m:~~;!~ ~~:~~ .. :~~:: .. :~::::=:::::::::::::::::::::;:: ::=:::::::.:::::::::::::::':::::::::::'::==: ~~~=~!~ 
Saint Peter (38 feet thick) : , 
, Sandstone, medium gray, calcareous· ...... , ................................................ 841-879 
Lower Magnesian (Prairie du Chien) (365 feet thick) : . . .-

Dolomite, gray and blue; pyrite and sand . ....... _ ...... _ .. : ....... _ ....... , ....... 879-895 
Sandstone, fine, gray, calcareous .: ........................................................ 895-910 
Dolomite, gray, sandy ....................... _ ... ", ................................................ 910-955 
Dolomite, light pink, sandy .................................................................... 955-985 
Dolomite, gray ..................................................... : ................. _ ................. 985-1000 
Dolomite, gray, sandy .... ~ ......................................... _ ............................ :.1000-1030 
Dolomite, light pink, sandy ............. __ ............................................ _ ..... 1030-1045 
No sample ................................................. _ .............................. _ ........ __ ... 1045-1050 
Sandstone, fine, white, calcareous .............. " ... __ ................................. 1050-1060 
Dolomite, gray, very sandy ... _ ............................................................... 1060-1135 
Dolomite, dark gray, cherty, sandy ......... _ ........ _ .................... _ ............. 1135-1150 
Dolomite, light pink, cherty, sandy ...................................................... 1150-1165 
Dolomite, gray, cherty, sandy , ........ _ ................ _ ....................... : ........... 1165-1255 

Cambrian: " 
Jordan (145 feet thick) : 

, Sandstone, fine, gray, calcareous, part breaks in chips ...................... 1255-1300 
No sample ; .................. _ ........................ _ ........................ _ ....................... 1300-1315 

----
* by Prof, F. T . Thwaites, University of Wisconsin. 
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Sandstone, medium to fine, white, calcareous, no sample from 1330 
to 1345 _________________________________ . ______________________________________________________________ 1315-1380 

Sandstone, very 'coarse to very fine, gray, calcareous ________________________ 1380-1390 
Sandstone, fme, gray, calcareous _________________________________________________________ 1390-1400 

Saint Lawrence (Trempealeau) (9 feet penetrated) : 
Sandstone, very fine, gray, exceedingly calcareou8. _____________________________ 1400-1409 

Chemical analysis of sample of water from .the Waterloo City wells* 

Calcium oxide (CaO) ____________________________________ _ 
Magnesium oxide (MgO) ____________________________ __ 
Chlorine (Cl) __________________________________________________ _ 
Sulphur trioxide (SO,) __________________________________ __ 
Carbon dioxide (C0

2
), free __________________________ __ 

Carbon dioxide (C0
2
), bound ______________________ __ 

Iron and alumina (Fe20, and AI20.) __________ __ 
Silica (Si0

2
) __ ____ __________________________________________ __ __ 

P AR').'S PER MILLION 

72.0 
19.5 
10.6 
19.0 
13.2 
59.9 

_7 
8.9 

PROBABLE COMBINATION IN 
GRAINS PER U. S. GALLON 

Calcium carbonate (CaCO.) ________________________ __ 
Calcium sulphate (OaSO.) ____________________________ __ 
Calcium chloride (CaCI

2
) ______________________________ __ 

Magnesium carbonate (MgCO.) __________________ __ 
Carbon dioxide, free ________________________ ______________ __ 
Iron and alumina __________________________________________ _ 
Silica ______ , ________ ~ _________________________________________________ _ 
Incrusting solids ____________________________________________ ~-

CITY WELL OF 1928 

4.16 
1.89 
1.25 
2.38 

.77 
_04 
.52 

11.05 

The sixth deep well of the city of WaterJoo was completed in 
June, 1928, by the Thorpe Bros. ,VeIl Co. of Des Moines. The 
depth is 1407112 feet, about the same as that of the other wells. 
The diameters are from 16 to 12 inches. The elevation of the 
curb is 876 feet above sea level. The static level is within 40 feet 
of the surface. The well has not yet been fully tested. This 
well is located in the same alignment on the flooQ. plain of Cedar 
river as are the other city wells and about three-quarters of a 
mile northwest of well no. 5 . 

. With the cylinder placed at 156 feet the yield is approximately 
1,000,000 gallons per day, but it is expected to lower the cylinder 
to 188 feet. The cost of the well was $20,400, and of the pumping 
machinery $3500. . The geologic section of well no. 178

& will give 
the formations penetratedb:y well no. 6 with sufficient accuracy. 

* American Water Softener Co., Philadelphia, 1919. 
7:S& Norton, W. H., Underground' Water Resources of Iowa: Iowa Geol. Survey, vol. XXI, 

pp. 310-311. 



NEW WELL AT WAUKON 

. , 
THICKNESS 

Pleistocene and Recent .................................................................... 30 
Devonian : 

~:;:~f~~:o;··ii;;~~t~;;~··:::::::::=::::::::::::::=::::::::::::=: :::::::::::::::::: . . ;~ 
Silurian: 

Niaga.ran limestone ................................................. _ ............... . 107 
Ordovician: 

Maquoketa shale ....................................... _ .. _ .......... _............. 215 
Galena·Platteville limestone ........... _..................................... 335 
Saint Peter sandstone , .......... ~ ......... _ .................... : ................. : 47 
Prairie du Chien stage--

Shakopee dolomite ............................................................ 168 
New Richmond sandstone ......... _ ............ : .................. :... 30 
Oneota dolomite ...... , ... ,. ................................................... . 145 

Cambrian: \ . 
Jordan sandstone .................................... , ........ _....................... . . 48 
Saint Lawrence, Trempealeau dolomite ............. :................... 120 .. ' . . . , 

WAUKON 
(Altitude l!e16 feet) 

CITY WELL NO.3 

353 

DEPTH 
IN FEET 
~30 

30-100 
100-158 

158-265 

265-480 
480-815 
81~862 

.862-1030· 
1030-1060' 
·1060-1205 

1205-1253 
1253-1373 

In 1913 it was found necessary to obtajn a larger water supply 
for the city of Waukon on account of increase in consumption 
due in part to the installation of .a sewer system. Neither of the 
two deep wells of the city, both 577 feet deep, had shown signs 
of failure, but well no. 1 on account of defective casing which aJ­
lowed leakage .into the 'well, had largely fallen ~n disuse, while the . 
drill hole was so crooked that repairs would probably be .ex­
pensive. 

On consultation with .this office as to the depth to which a new 
well should be drilled, the city officials were advised that the well 
if necessary should be. sunk through the Dresbach sandstone, 

, and a well 1450 feet deep probably would· tap the water beds of 
the Cambrian which yieid the suppty at Lansing and McGregor. 

In 1914 a third well was drilled by ,V. H. Gray and Brother 
of Chicago to the depth of, 910 feet, where work was stopped on 
account of tools lodging at the bottom of , the drill hole. The 
diameter was 16 inches to 510 feet, wher~ .,i,t was reduced to 12% 
inches . . The static level is 308 'feet below the su'rface-971 feet 
above ' sea level. Three tests\veJ;e made"Of the capacity of the 
well. In · the first, a so-called '.' drinking test", 200 gallons per 
minute were discharged for thirty minutes into the well from a 
hose connected with a fire hydrant. ~he water level durjng this 
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time rose 14 feet and ceased to rise any higher. This was taken 
to indicate that 200 gallons per minute could be pumped contin­
uously with a draw-down of only 14 feet. A pumping test was 
also made with the working barrel set 112 feet below the surface 
of the water. A discharge of 265 gallons per minute was main-

l . . . 

tained for three hours with a draw-down of 17 feet during the 
first 12 minutes of the test, the water level remaining constant 
during the remainder of the time. Another pumping test was 
made while the pumps of the old well were in operation. The 
discharge from the new well was 350 gallons per minute for one 
hour and ten minutes, while the pumps of the two old wells each 
lifted '60 gallons per minute. The draw down of the new well 
was 26 feet, and was all effected in the first ten minutes. In the 
first pumping test the pump speed was 26 strokes per minute; in 
the second, 34. . ' 

Record of strata 
DEPTH IN FEET 

Pleistocene and Recent (20 feet thick; top ;1.279 feet above sea level} : 
Loess, yellow, calcareous ........................... _ .......................................... _ ........ . 
Clay, buff, friable, calcareous, an occasional quartz pebble ............... : ..... . 

Ordovician: 
. Galena limestone to Glenwood shale inclusive (175 feet tlJick; top 

1259 feet above sea level)-
Limestone, yellow, (in large chips, at 20 feet), rapid effervescence 

10 
18 

in cold dilute Hel; 3 samples ................................................. _..... 20-35 
Limestone, blue·gray, crystalline· earthy, I·apid reaction .................... 40 
Limestone, blue·gray and yellow, argillaceous, residue minutely 

quartzose ....... _ .............................. _ ..................................................... . 
. Limestone, light yellow· gray, in :flaky chips ............... _ ...................... . 

Limestone, blue·gray, crystalline· earthy, some whitish ..................... . 

45,50 
55 
60 
65 Limestone, gray, in chips; with bluish calcareo·argillaceous powder 

Limestone, lig~t buff ~nd yellow, crystalline· earthy, fossilifer9us at 
110, reactIon rapId; 8 samples __ .................................................... 70-110 

Limestone, blue, mottled, highly argillaceous; green calcareous 
.shale intercrystallized with limestone; in chips, with much 

... bluish argillo·calcareous powder; residue siliceous with crystal-
line and cryptoerystalline quartz; pyritiferous ......................... . 115 

Limestone, blue and green·gray, fossiliferous, earthy; in large 
chips and powder as above ....................................... _ ..................... 120, 127 

Ljinestone as above, highly argillaceous; 3 samples ........... _ ............. 132, 140 
Shale, green, fissile, with a little limestone as above, fossiliferous 145, 150 
Shale, and limestone, as above; unfossiliferous ... _............................. 155 
Limestone, gray, fossiliferous, crystalline·earthy, in :flakes .............. 157 

. Limestone. yellow gray, highly argillaceous; at 185 speckled and 
fossiliferous; 6 Rltmples ................................... _ ........ _ ..................... 160-185 

Shale, green, plastic (Glenwood shale) ................... :._........................... 190 
Saint Peter sandstone (65 feet thick; top 1084 feet above sea level)­

Sandstone, moderately fine (fine at 250 feet), light gray in mass 
or buff from rusted grains, grains of clear quartz well round-
ed; 11 samples ............ .' ........................................................ _ ........... 195-255 
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Prairie du Chien (290 feet thick; top 1019 feet above sea level)-
Dolomite, blue-gray (buff at 260, 270); 7 samples ______________________ _____ 260-295 
Dolomite, gray, crystalline, porous; 3 samples __ __ ______________ , _______________ 300-310 
Sandstone and dolomite, saud grains moderately nne, well rounded 315 
Dolomite, yellow-gray, in chips, with much quartz sand _____ _______________ 320 

~~~~:~i:; tI~~:g~~~~~~~~~~--:::::::::::::::::::::::=:·:::::: ::::::::: ::: :::::::::::::::=::::::::: ~~~ 
Dolomite, arenaceous and minutely quartzose, in yellow powder 

and small chips; much quartz sand ____________ _______________________________ _ 
Sandstone, buff, moderately fine _______________________ . __ ____ ... ____ .. ____ .... __ ._ .... ___ .. _ 
Dolomite, blue-gray, iIi chips ________ _____________________ . __________________________________ _ 
Shale, light yellow, calcareous, plastic ____________________________________________ : ___ _ 

·Dolomite, blue-gray, cherty at 410, 420; 14 samples __ , _______________ _______ _ 
Dolomite, highly arenaceous, gray ___________ . ______ _ . ___ __ __ : ______________ .. _____ . _____ . __ 
Dolomite, gray _____ __________ . _________ . ______________________________________________________________ _ 

. Dolomite, buff, arenaceous _____________ .. ______ .. ______ . ___ __ _____ . ___________ . ______ . __ __ ____ _ 

Cambrian: 
Jordan· sandstone (120 feet thick; top 729 feet above sea level)­

Sandstone, buff in mass, fine grains moderately well rounded; 4 

330,340 
350 
360 
365 

370-510 
520 

525,530 
540 

samples ______________ . ____ . _______ . ______ . ___ . ________ ___ .. ___________ . ____ . ____ . __ ______________ .. ____ 550-580 

Sandstone, white, grains well rounded and up to 1 mm. in diameter 
(at ti20 up to 1.5 = . in diameter) ____ .. ___ . _______ . ___ . __ ___ __ .. ________ , ______ 590,620 

S.andstone, buff, fine ____ . __ . _____________________ ______ . _________ ._. ____ . __________ . _______________ . 640 
Sandstone, buff, grains up to 1 =. in diameter, with chips of 

buff, :fuJ.e-grained calciferous sandstone _______ . __ . ___________ . ____ . _______ .. __ 
Saint Lawrence, rrrempealeau beds (90 feet thick; top 609 feet above 

660 

sea level)- . 
Marl, blue, cuttings in sand and powder, chiefly of microscopic an-

gular quartzose particles! argillaceous, calcareous __________ . ___ ._.__ 670 
Dolomite, blue-gray, rughly SIliceous as above, in small chips ________ 680-690 
Sandstone, blue-gray, hard, of fine grains and quartzose particles, 

calciferous (coarser with rounded grains at 720) ; 3 samples ____ 700-720 
Dolomit~, b~ue, ~ighl~ siliceous with quartzose particles and fine 

grams, In ChIP~; 3 samples ____ ___________ . ____ .. __________ . _________ . ___ __ . ______ .. _ 730-750 
Saint Lawrence, Franconia beds (penetrated 150 feet, top .519 feet 

'above sea level)-
Sandstone, in powder and some chips, of very fine grains and 

microscopic particles, glauconitic ___ . __ ________________ . _____________________ , ___ ._ 
Shale, green, in powder, highl;y siliceous with fine grains and 

quartzose particles, glauconittc, slightly calcareous; 3 samples 
No samples; " 'green clayey shale" of driller's log ________ ____ ________ .. ___ _ 
Sandstone, light gray, fine rounded grains, some dolomite and shale 
Sandstone, as above, color of cuttings greenish; dolomite and 

shale in powder; numerous black opaque nonmagnetic grains 
Sandstone as at 880 ____ . ____ ___ ____ :! ______ __ ___ . ____ . ___ _____ .•.. _____ . ______________________ . ___ _ ._ 

Sandstone, light yellow, fine grains of clear quartz, well rounded.. __ _ 

Driller's log 

760 

770-790 
800-870 

880 

890 
900 
910 

DEPTH IN FEET 
Surface clay __ __ .. __ .. ______ . ___ .. _________ . ______ .... ___ ._. _____ . ____ . ______ . _____ .. ________________ . ___________ . ____ .___ 0-20 
Limestone, grayish _. __ . __ _________________ , __ ___________________ _________ .. ______ ._. ______ . ________________ .__________ 20-115 
Shale __ .. _ .. __________________ . ____ .. __ ___ . ___ , _____ ._ ... _____ . ____ .. __________ . ______ .--------------------------________________ 115-155 
Limestone _____ ._. _________________________ . ________ : ___________________________ . _______ . ______ __ _ . ______ . _____ . _________ .__ 155-185 
Shale ___ . ________ . ________ : _______________ . _______ _____ . _______ _____ ___ ___________ . ____ . __ __ __ __ _______________________ : ________ 185-190 
Saint Peter sandstone : ___ _______ . _________ . _____________ . __ __ _____________ . _____ . ________________ . ______________ . __ 190-260 
Limestone, brownish _______________________ .: _________ _____________ , ____________ : __________ . _______________ .:._____ 260-315 
Sand ______ . ______________ _____________ . __ __ _ . __ _ : ______ ---____ ....... _ .. _ .. _______________ .. ____ .. ____________________ __________ 315-320 
Limestone ___________ . ___ ___ _______________ .. ______ . ___ .. _____ . ____ .. _____ . _______ .. ___ .. __ ________ ... _________________ .. ___ 320-335 
Sandstone, hard, changing from white to brown .... __ .. ________________________ .. __ __________ . 335-350 
Limestone, hard, blue, many crevices ___________________ .. ________________ . ______ .. ______________________ 350-450 
Limestone, whitish ___________ .. __ ... _________________ ______ .. _______ . ________________ ______________________________ 450-520 
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Jordan sandstone .............................................. : ....................................................... 520-665 
(Sand caved at 585 feet, cased off with 59 feet of 10 inch pipe. Bot· 

tom of pil?e seated in hard sandstone at 600 feet. . Hard sand 5 
feet thick, then 60 feet of softer water·bearing sandstone. At 575 
feet water level dropped from 120 feet to 300 feet from the sur· 
face.) 

Limestone, bluish ... _ .......... _ .............. _ .......... _ .......................... _............................. 665-685 
Limestone, grayish ............................................................. _ .................. _ ................. 685-745 
Limestone, blue ................................... _ ................................................................... 745-760 
Shale, green, clayey ... _ ...................... _ ............................. _ ....................................... 760-880 
Sandstone, white, very hard ....... _ ................................................................ _....... 880 

(Work stopped at 910 feet, with 67 feet of tools stuck.) 

Notes.-It'will be seen from the above record of strata that the 
entire 175 feet' of the Galena-Platteville beds of this well section 
completely escaped dolomitization. No limestone cuttings con­
tain enough magnesium carbonate to retard brisk effervescence 
in cold dilute HCI. The shales and highly argillaceous limestones 
.from 115 to 157 feet probably represent the Decorah shale, and 
the underlying limestone is the Platteville. The Glenwood shale 
is he.re only five feet thick 

The Prairie du Chien is not clearly tripartite here, although 
the arenaceous beds from 300 to 360-,feet may be taken in whole 
or part to represent the New Richmond sandstone. 

The Trempealeau .beds-the "dolomite" of the "Saint Law­
rence dolomite and shale"....,...correspond lithologically with the 
.outcrops of the ' formation to the east in the Mississippi bluffs, 
but are less dolomitic than in many well sections to the west and 
south. 

The Franconia beds are max'ked by their usual glauconitic and 
argillaceous content, and by the ambiguous strata which often 
leave the observer in doubt as to whether they should be called 
shale or sandstone or even dolomite'. 

T;he sandstone at 880-900 feet is probably transitional to the 
Dresbach sandstone, as the dolomite and shale of the cuttings 
may possibly be from higher levels. The clean sandstone at 910 
in which the drill stopped may easily be the uppermost of the 
Dresbach beds. Certainly the Dresbach was to be 'expected a 
few feet deeper at the most. Truly it 'would have been highly un­
fortunate that the drilling was compelled to stop so near or even 
at. the top of a generous water sand, were it not f<?r the fact that 
the supply already obtained was later found by tests to be ample 
for the needs of the city. . 
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WEBSTER -CITY 
, (Altitude 105~ feet, I. C. R. 'E.) 

In the Report of the Iowa Geological Survey for 1912 mention 
is made of .the city supply then drawn from 13 drift wells, and of 
a well sunk by the Gas Company to a depth of 1250 feet. The 
water of this deep well was found · so highly corrosive that it 
was never used except for a public watering trough. Lest the 
failure to obtain good water at this depth might discourage fur­
ther efforts, the following forecast was made by N orton.74 

"Had the drilling been continued 150 feet deeper, the Saint 
Peter sandstone probably would have been' struck, and 400 to 
600 feet deeper the creviced limestones and sandstones which 
yield the chief supply for the Iowa wells would have been tapped. 
A well about 1850 feet deep could have given a largely increased 
yield of much better wailer, the sulphate content being greatly 
lessened. ' , . 

As the supply from the wells in drift had become inadequate 
a deep well was contracted for with Thorpe Brothers of Des 
Moines, who completed the well Jan. 1, 1925. Saint Peter sand­
stone was reached . at the depth of 1420 feet (depth predicted 
1400 feet) and an abundant supply was found in the underlying 

. formations well within the recommended depth of 1850 feet. 
The depth of the well is 1805 feet; diameters, 16 inches to 560 

feet, 12 inches to 1420 feet, 8 inches to bottom of the well. The 
casing of heavy wrought iron was set and packed so as to exclude 
upper waters, which might be expected to be heavily mineralized: 
16 inches, 105 feet to rock; 12 inches to 560 feet with 25 feet of 
concrete filling between the 12 inch and 16 inch casings, 10 inches 
to 1420 'feet, 8 inches from 1400 to 1520 feet, the remainder of 
the boring uncased. 

Small flows at 600 and noo feet were cased out. The Saint 
Peter sandstone is reported as dry. The supply >yas obtained 
from the New Richmond sandstone and the Oneota dolomite, the 

. main flow being struck in the former at 1620 feet. . 
The well had flowed until the depth of 1620 feet was reached 

when the water fell to the pl'esent static level of six or seven feet 
below the curb. Thepurr1ping capacity is rated at 2,500,000 gal-, 

. 74 Underground Water Resources of Iowa. Iowa Geol. Survey. ~ol. XXI. Des Moines. 1912. PPt 844-45_ . 
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Ions a day, and under protracted capacity pu~ping the head is 
drawn to, but not below, 32 feet below the curb. , 

The water from these deep horizons is of the sodic-magnesic 
sulphated class as is seen from the following: 

Analysis of water, by Grwver Corporation 

GRAINS PER U. S. GALLON 

Calcium carbonate ................... _....................... 1'7.60 
Calcium sulphate .............................................. 4.{)8 
Magnesium sulphate ... _................................... 18.10 
Sodium sulphate ............. __ ............................. 16.90 
Sodium chloride ............... _............................. 4.21 
Silica ... _ .... _ ............................ _......................... 0.44 
Iron and aluminum oxide ........... _................. 0.15 
Suspended matter ................................. _.:....... 0.78' 
Incrusting and corrosive solids ...................... 41.15 
Nonincrusting solids ............................... _....... . 21.11 
Total solids ..................................... _ ........... :... 62.26 
Hardness ..................... _ ............................... ,..... 35.68 
Alkalinity ............................... _ .................. :...... 17.60 

Special acknowledgements are due the City Manager, Mr. G. 
J. Long, who secured and ~upplied the above .information and 
also furnished to the Survey a very complete set of samples of 
the cuttings. ' 

Record of strata in City well (19tS) of Webster City 

Recent and Pleistocene (103 feet thick; top 1030 feet above sea level) : 
"Earth and clay" ................................... _ .......... _ .................. _ ....................... _ 

." Gravel" ......................................... _ .................. _ .............................................. . 
, , Clay" ............................................................................................. : ................... . 

Mississippian, Kinderhook stage (467 feet thick; top 927 feet above sea 
level) : 

, ' , Rock" .......................................................................................... : ....................... 103 .. 120 
Limestone, whitish and light yellow· gray, soft, earthy, with calcite 

crystals, rapid effervescence, in large flakes, some samples in 
smaller chips. At 150 feet cherty and with some imperfectly . 
rounded quartz sand. At 200 feet with some reddish chalcedony; 
12 samples ................................................. _ ....... : ....................................... 120-230 

. Limestone, dark brown, argillaceous, crystal,line, rapid response; and 
some white cherty limestone ................................. _ ................ _............. 240 

Limestone, greenish gray, minutely crystalline·earthy, argillaceous, ef· 
fervescence moderately rapid, in flaky chips with much argillo· 
calcareous powder; 4 samples ............... _ .... _ ......................................... 240-280 

Chert, blue and white, with argillaceous limestone as above ......... _......... 290 
Limestone, as at 240·280; 5 samples ......................... _ ...................... _ .... _ ... 300-340 
Shale, light greenisli grey, plastic, in concreted masses; 2 samples ...... 350, 360 
Limestone, dark blue'gray, fine 'crystalline'granular, vesicular, some 

mottled with flint, moderately slow effervescence, in chips .............. 370 
Limestone, light yellow· gray, i.n sand, rapid efferves.cence, and light 

blue·gray, in chips, less rapid ........................ :....................................... 380 
Limestone, whitish, crystalline, effervescence rapid, with some flakes 

of light blue· gray shale ..................................................... : ........ : .. ~........ '390 
Shale, light green· gray, in concreted masses .............................................. 400 
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Limestone, whitish, and light yellow-gray, crystalline, reaction rapid ___ _ 
Shale, greenish; with white limestone, rapid effervescence ________ ___ _____ __ _ 
Limestone, blue and yellow-gray, a calcilutite, rapid effervescence, in 
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410 
420 

small :1laky chips, with some white, macrocrystalline; 2 samples ____ 430, 440 
Limestone, blue-gray, some white, some yellow gray calcilutite; some 

mottled, in small chips, rapid effervescence _________ __ __________________________ _ 450 
Limestone, blue-gray and brown, some mottled, effervescence moderately 

rapid, fine crystalline-granular ___________________________________ ______ __________________ _ 460 
Limestone, light gray-buff, fine crystalline-granular, reaction moder-

ately slow; with a little green fissile shale; 2 samples . _____________________ 470-480 
Limestone as abov.e, and shale, blue-gray, calcareous; some dark drab 

limestone, highly argillaceous, soft, with minute nonsiliceous balls resembling ooli te _________ ___ _______________________________________________________________________ _ 

Limestone, drab, compact, reaction moderately slow, residue argillaceous 
and with much microscopic crystalline and cryptocrystalline 

490 

quartz; some shale; 2 samples __________________________________________ : _____ , __________ 500,510 
Limestone and considerable shale; limestone in fine sand, light gray, 

response rapid; and dark gray and light yellow, rather slow re-sponse ____________________________________________________________________________________________ __ _______ __ _ 

Shale, gray, calcareous, in chips, s01p.e drab, with minute calcareous balls as at 490 __ _________ _____ _________________ ________ _____________ ___ -' ______________________________ _ 

Limestone, gray, moderately _slow response, hard, compact, fine-grained; some shale _______________________________________________________ __ __ ____ _____________________ __ _________ _ 

Limestone, blue-gray, soft, fine crystalline-granular, argillaceous _________ _ 
Limes~one, ir~n gray, fine ,c~ystalline-granular, slow respon~e; some mIcroscopIC quartzose residue ______________ __ _________________________ ______ _______________ _ 

Limestone, blue-gray, soft, argillaceous -----------------------------------------------------­
De~onian (100 feet thick; top 450 feet above sea level) : 

Dolomite, light yellow-gray, fine-granular; and shale, blue, calcareous, 

520 

530 

540 
550 

560 
570 

in chips; 2 samples _______________________ __ ______________ ______ ________ ____________________________ 580, 590 

Dolomite, yellow-gray, fine granular-crystalline, in clean chips _____ .. : .. ___ .. 600 
Dolomite, light buff, in fine crystalline sand, with some irregularly 

rounded grains of quartz ______ .. ________ .. ___________________________________ .. _________ .. ____ _ 
Dolomite, brownish buff, in fine crystalline sand _____________ .. _____ _____ .. __ .. ______ _ 

610 
620 

Limestone, blue-gray, hard, fine-grained, argillaceous; with sonie chips of shale of same color .. __ .. __ __ .. __ .. __________ .. _________ _______ __ ___ __ ____________ ________ ____ 630 
Limestone, dark gray, in :1laky chips, some porous __________________ .. _________ .. _ .... 640, 650 
Shale, some brown, in:1lammable, some lighter color, giving empyreu-

matic odor when heated _ .. _________ .. _______________________ .. ____ .. __ .. _ .. _________________ .. _ 
Limestone, blue-gray, argillaceous, response moderately rapid; and 

brown crystalline dolomite; also light blue shale _______________ .... ____ .. ____ _ 
Silurian (290 feet thick; top 2.50 feet above sea level) : _ 

Limestone, light brown, Cl;ystalline-granular, porous, with white cal­
cite; some drab and argillaceous, both moderately slow in reacting 

660 

670 

to acid, in :1laky chips _ .. __ _ .. ____________________________________________________________ _______ ___ 680 
Limestone, brown, as above _______________________ .. _________________________________________________ 690, 700 
Limestone, light blue-gray, argillaceous, ra:pid reaction .. __ ________ _________ ____ 710 
Limestone, light gray, soft; response rapid, with a little white gypsum , in rounded chips ____ _____ _________ ___________________ _____ ________ .. __ .. _________________ .. _______ _ 

Dolomite, brown, in :1laky chips ----------------------------.. --.. ___________________ : _____________ 4 

Dolomite, light yellow-gray, crystalline-granular, with some 'gypsum ___ _ 
Limestone, blue-gray, moderately slow reaction; -shale, and some gypsum __________________________________________ .. __________________ .. ____ .. _ .. __ .. ___ __ _____________ .. _ 

Limestone, brown, crystalline, reaction moderately slow; with hard blue 
calcareous shale in chips, and some gypsum in rounded grains ______ __ Shale, blue ____ .... ___ .. ___ ___________ .. __________ .. ________ .. ________ ______ .. _____ .. ____________________________ _ 

Limestone, dark drab, reaction rapid, fossiliferous, in :1lakes _______________ _ 
Limestone, drab, earthy, argillaceous, reaction slow, a little gypsum ___ _ 
Limestone, dark drab, reaction rapid, in :1laky chips, some gypsum in rounded grains ____________ .. _____________ .. _______________ .. __ .. ___________________ _____ ...... __ _ 
Limestone, drab, moderately slow _response, some gypsum _______ .. ____________ _ 
Limestone, drab, response rapid, some gypsum _________________________________________ _ 

720 
730 
740 

750 

760 
770 
780 
'/90 

800 
810 

. 820 
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Gypsum, white, with some limestone ______________________________________ _______ : _____________ _ 
Limestone, brown and blue-gray, moderately slow reaction; 'with gyp-sum; 4 samples _________ ______________________________ ___ . ___________________ . _______________________ _ 
Gypsum, with light blue limestone of rapid effervescence __ _______________ . _____ _ 
Gyp~um, in hard white concreted masses, slightly calcareous ________________ _ 
Limestone, brownish, in small chips and flakes, rapid effervescence _____ _ 
Limestone, brownish, in small chips, moderately slow effervescence _____ _ 
Limestone, gray, rapid effervescence ____________________________________ . ______ ___ . ___________ _ 
Limestone, ' light gray, rapid response, fossiliferous, with fragments of 

830 

840-870 
880 
'890 
900 

910,920 
930 

brachiopods, shell material preserved __________ ______ , ___ ________ ___________________ 940,950 
Limestone, light brownish gray, 'rapid response ____ ______________________________________ 960 

Ordovician: , 
Maquoketa shale (70 feet thick; top 60 f~et above sea level)- , 

Shale, blue and drab, calcareous; 6 samples __________ . ______ ____ . _________ 970-1020 
Limestone, gray, highly argillaceous, moderately rapid efferves-cence . _: ________ . ____ . ____ . _____ . ________ , ____________________ ______ ___________ . _______ ________________ _ 

Galena and Platteville formations (380 feet thick; top 10 feet below 
sea level)-

Limestone, gray, rapid effervescence ____________ _________ __ ______ . _____________________ _ 

1030 

1040 
Limestone, light gray, argillaceous, with a little olive green shale 

with bituminous odor when heated _____ . ______ ___________ _ : _______ .:. __________ ;_ 1050 
Limestone, gray,_ crystalline, rapid effervescence _________ . _________________ ~ ____ 1060; 1070 
Dolomite, light gray, in :fine crystalline meal _____________________________________ 1080 
Dolomite, gray and buff, in crystalline meal, with much gray and 
, blue gray flint; 6 samples ___ .:. _________ ______________________________ , ___________________ 1090-1140 
Dolomite, as above, with limestone, gray, in flaky chips ____ . ____ ._______ 1150 
Limestone" gray, earthy, rapid reaction, in flaky chips, with some dolomitic meal _______________________________________________ : __ . ________ . ______ ____________ _ 

Limestone, light yellow-gray and blue-gray, earthy, reaction rapid, 
in flaky chips; crystalline-granular and moderately rapid re-
sponse at 1240, with flint at 1~50 and 1270-1290 _______________________ 117'0-1360 

Shale, light blue-gray and dark green, with some limestone meal, pyritiferous _____________________________________________________ . ___________ ._____________________ 1370 
Limestone, dark drab, in meal, reaction rapid; with shale _____________ 1380 
Shale, bright green, fissile; 3 samples _________________ . _______________________________ 1390-1410 

Saint Peter sandstone (50 feet thick; top 390 'feet below sea level)-
. Sandstone, :fine, light yellow-gray in mass, grains of pure quartz, 

well rounded, some rusted ________ . ____________ . ____ .. ____ ______ . _______________________ _ 1420 
Sandstone, as above, white, coarser, a little hard' bright green 

shale from above; 4 samples ________ ; ______________ ._: __ ___ . ___________ . _____________ 1430-1460 
Prairie du Chien-

Shakopee dolomite (120 feet thick; top 440 feet below sea level)­
Dolomite, gray, light drab and light buff, in chips, in places 

with imbedded grains of quartz; quartz sand and green 
shale in drillings; 6 samples _______________ . ____________________ . ____ ________ 1470-1520 

Dolomite, as above, in flour, with much :fine sand in drillings; , 
6 samples ___________________________________________ .. __________ . ___ : ____ , __ . __________ .. 1530-1580 

New Richmond sandstone (80 feet thick; top 560 feet below sea 
level)-

• Sandstone, in minute, irregular grains, with considerable dolomite ________________ ______ _________________ ___________ . __ ________ .. _________ __ ________ _ 1590 
Sandstone, light gray, :fine, grains rounded, with some dolo-

. mite with imbedded grains 'Of quartz. sand _________________________ 1600, 1610 
Sandstone, gray, :fine, grains moderately rounded, some dolo-mite ________________ __ __________ __ ______ _____________ _____ . ______ __ _______ :_.__________________ 1620 

Sandstone, yellow-gray, dolomitic (or dolomite, arenaceous)', 
grains moderately well rounded, much cryptocrystalline , 
silica at 1640; 3 samples ________________ : ___ __ ______ ._: __ : ______________________ 1630:"'1650 

Sandstone, ' :fine, drillings much rusted, moderately well ' 
rounded grains __________ ________ ._. _________ ._. _____ . ______________ :__ ____________ ___ __ 1660 

Oneota dolomite (135 feet thick to bottom of well; top 640 feet' ' ,. 
below sea level)- . 
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Dolomite, light buff or gray, in fine sand, with a few irregu· 
lar grains of quartz sand, large residue of cryptocrystal· , 
line silica in fine sand at 1670; 11 samples ......... _ ............. 1670-1770 

Dolomite, reported at bottom of well, no samples ...................... 1780-1805 

N ote~.-,-N Q attempt is made to subdivide the Kinderhook, al­
though the upper ' whitish , limestones probably represent the 
Alden beds. The shale struck at 350 feet might plausibly be 
taken as the Sheffield, but on the whole considering the sections 
of other deep wells of the territory it has seemed best to draw 
the base of the I{inderhook as low as the- bottom of the argil­
laceous limestones at 570 feet. , The Devonian is presumed to be 
thin, as it is found to be over its area of outcrop to the' east, and 
is assigned but 100 feet. Both its summit and base are arbitrari­
ly drawn, the latter to include an inflammable shale, since such 
thin shales occur , in the Otis and Independence of the pevonian 
outcrops. .Pi. similar shale occurs at Fort Dodge 97 feet .lower 
than at Webster City, denoting a dip, if the 'two shales are of the 
same horizon, of some five feet to 'the mile. The summit of the 
Saint Peter sandstone, however, lies at about the same level at 
both localities. 

Beneath the bituminous shale just mentioned occur magnesian 
limestones containing gypsum. As at Marshalltown, Des Moines, 
Grinnell, Pella and Mount Pleasant, the presence of gypsum in 
limestones lying between the Kinderhook and the Maquoketa is 
'taken to mark the Silurian horizon, but more probably the Salina, 
tha:p. the Niagaran of the' Iowa outcrops. 

The Maquoketa shale and the Saint Peter sandstone are here , 
reliable markers and determine clearly ,the Galena-Platteville 
limestones and basal shales. 

All the strata below the Saint Peter are assigned to the Prairie 
du Chien, with its three component formations, the Shakopee 
dolomite, the New Richmond sandstone and the Oneota dolomite.' 
This assignment agrees with that of the deeper Fort Podge sec­
tion, where the corresponding dolomites are found to be under­
lain by a sandstone best referred to the Jordan. If the water­
bearing 'sandstones below 1590 feet represent the J ornan, the 
Prairie du Chien is here. abnormally thin, as compared, for p.xam-
pIe, with the section of the deep well at Ames. ' 



:362 DEEP ,WELLS .IN IOWA 

WEBSTER COUNTY 

WELL OF J. C. RITCHIE, SW. 14 SEC. 23, HARDIN TP.* 

The altitude of the well curb is about 1125 feet above sea level. 
,The depth of the well is 552 feet. Water was found fro:r,n 330 to 
375 feet and at 527 feet. The water heads ' 150 feet below the 
curb. 

Record of strata of Ritphie well 

DEPTH IN FEET 
'Clay, yellowish, calcareous; limestone .pebbles; glacial till; 3 samples .... _""""" 20-40 
Clay, gray, limestone pebbles; glacial till """_""""""""""""""""""""""""""""""""""""""""""""""""""""" 50, 60 
Clay, dark gray and buff, pebbly, many limestones, calcareous """_""""""""""""""""" 70, 80 
Clay, mostly yellowish, pebbly, calcareous """"""""""""""""""""""""'"""""""""""""""""""""""""""""""_" 90 
Sand, very fine, yellow """_""""""""""""""""""""""""""""""_""""""""""""""""""""""""""""""""""""'"""""""""""""_""""" 100 
Clay, gray, blue"gray and dark gray" pebbly, calcareous; 16 samples """""""""""" 110-260 
Clay, some dark gray, some yellowish, some pebbles; dark fragments cal" 

careous; yellowish parts noncalcareous and probably a shale. The peb" 
bles seem to be in the darker portion and the lighter parts are somewhat 
laminated """":""""""""""""""""""""""""""""""""""""""_""""_""""":""""""""""""""""""""""""""""""""""""""""""""""""""" 

Gravel and sand, rather rusty yellow, very little limestone """""""""_""""""""""""""""""" 
Sand, yellow like preceding, finer """""""""""""""""""""""""_"""""""""""""""""""""""""""""""""""""""""""""""" 
Clay, dark gray, with some fragments of lighter gray, noncalcareous; few 

270 
280 
290 . 

small dark pebbles """""""""""""""_""""""""""""""""""""""""""""""""""""""""""""""""""""""_""""""""""""""""""" 300,310 
Clay as above, rather abundant quartz and dark pebbles """""""""""""""""""""""""""""""" 320 
Clay, light blue"gray, some dark pebbles and some of white chert, n() reo 

sponse to acid """_"""""""""""""""""""""""""""""""""""""""""""""""""0""""""""""""""""""""""""""""""""""""""""""""" 330 
Sand, dark gray, in !l.ngular chips and rounded grains; white' chert """""""""""""" 340, 350 
Clay, dark gray, slight response to 3;cid, some dark pebbles; some sand from 

340, 350 """""""""""""""""_""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""_""""_""""""""""""""""""""" 360 
Limestone, light gray, in small chips and powder, brisk effervescence; 4 

. samples """""""""""""""_""""""""""""""""""""""""""""""""""""""""""","""""""""""""""""""""""""""""""""""""""""""""""""""" 370-400 
Limestone, medium dark gray, fine grains and larger chips, chips show 
, , sub crystalline structure; some chips of limy shale, dark gray"""""""""""""""" 410 

Limestone, as above; 4' samples """""""_""""""""""_""""""""""""""."""""""""""""""""""""""""""""""""""""""""" 4~0-450 
Limestone as above, some chips ·of very dark gray, noncalcareous shale """_""" . 460 
Shale, blue"gray, fine textured and soapy """""""""""'"_"""""""""""_""""""""""""""""""""""""""""""""". 470,480 
Limestone, in rather fine powder, rather dark gray; as with all limestones 

above brisk eff~rvescence; chips of noncalcareous shale """""""""""""""""":""""""" 
Shale, dark gray, with some fragments of lighter gray color; fine shiny 

specks probably quartz scattered through the shale .""""""""""""""""""""_""""""""""" 
Limestone, gray, in small chips, and fine powder, brisk effervescence; 5 

490 

500 

samples """""""""""""""""""""""""":""""""""""""""""""""""""""_""""""_""""""""""""""""""""""""""""""""""""""""" ........ 510-552 

WESLEY, KOSSUTH COUNTY , 
(Altitude 1e5e feet) 

CITY WELL NO.1 

This well, 'drilled in 1921 by J as. Lee of Algona, is 1100 feet 
in 'depth, and its diameters are 8 ahd 5 3/10 inches. Some water 
was found at 275 feet and the main supply was reached at 1030 
feet, 227 feet above sea level, a depth atwhich the Saint Peter 

* By Dr. Jas. H. Lees, Assistant State ~ologist. 
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sandstone should be ' encountered. The static level is 215 feet 
below the surface. With the cylinder set at 250 feet the pump 
delivers 35 g.p.m., an amount sufficient for the town of 440 In­
habitants with a consumption of 7,000 to 10,000 g.p.d. There is 
no draw down under pumping. The casing'is 8 inch to 215 feet, 
5% inches from the top to 1007 feet, and at bottom 40 feet' of 5 
3/ 16 inch casing with 14; feet of qverlap. 

The quality of the water is d~scribed as very p.ard with much 
iron and pronounced rusting. This is borne out by a sanitary 
water analysis of February, 1927, which finds the sample of very 
:red iron color, very decided turbidity, and with a hellVY iron 
flocculent sediment. The cost of the well was $8,000. 

Mineral Content of City Well, W esley* 

P.P.M. 
Bicarbonate .. , .. : ......................... _ ............................ , .......... 495.3 
Chloride .............................................................................. 7. 
Sulfate ..................... , ........• _............................................... 77.0 
Silica ......... :...................................................... .................. 10.4 
Fe,O.+AI,O • ..... _ ..................................................... _........ 7.6 
Calcium .............................................................................. 65.4 
Magnesium ............... _ ...... _ .............. _ .......... _................... 27.6 
Na + ,K as Na ................................................................ ' 74.2 

" Total solids .................................................................... 516.8 

WINFIELD, HENRY .cOUNTY 
(Altitude 704 f eet) 

The . city well of Winfield was completed in 1921 by the Mc­
Carthy Well Company of Saint , Paul. The depth reached was 
1268 feet. The work was aC<,lomplished ','in 63 days, excluding 
Sundays and on~ day on acc'ount of a break of machinery, ma.k­
ing an average of 20 feet a day." Casing was put dOWn'to rock 
and through the heavy IGnderhook' and 'Maquoketa, shales. ' ~\ 

.The pumping test ~f 24 hours showed a capacity of -150 gallons 
per rilinute with a dra'w ddwn of 84 feet. ' The static level is 73 
feet below the surface. ' The chief wat'er bed was the Shakopee 
dolomite from 1180 to 1268 .f-eet: ',', ; , 

Record of strata and driller's log , 
THICKNESS - .. IN FEET . 

Pleistocene and Recent (80 feet thick; top 698 feet above. sea level) : " 
"Cfay" .......... : .. _ ...... : .. : .................. , .................. : .... _ ............................................. ' 3-80 

. * Analysis by Dr. Harry·'F. Lewis, Chemical · Lal:ior.atory, Cornell Colwge, M/lunt .Vetndn, .1927. 
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Mississippian '(110' feet thick; top 618 feet above sea level) : 
"Limerock, hard, many seams or layers" .. ~ .............. _ ................................. '80-190 
Kinderhook shale (320 feet thick, top 508 feet above sea level)-

. Shale, plastic, blue ......................... _ ....................................................... 190-510 
Devonian and Silurian (108 feet thick; top 198 feet above sea level) : 

Limestone, magnesian, or dolomite, as tested by slow response to cold 
dilute HOI, drab ; some lighter colored limestone of brisk efferves· 
cence .......................................................... : ............. : .................. _ .. _ .... _..... 510-618 

Ordovician: . 
Maquoketa ,shale (210 feet thick; top 80 feet above sea level): . , 

. Shale, light blue, plastic, "in .streaks of col9r running from green 
to brown" ....................................................................... ,.................. 618-808 

, Shale, brown, hard, in chips, feebly infia=able, slightly calcare· 
ous ..................................................................... _ ........ ~ ............. _; ........ 808-81.8 ' 

Shale, brownish drab, plastic ........ ~ .......... _ ................. :........................... 818-828 
Galena to Glenwood inclusive (315 feet thick; top 130 f eet below sea 

level)- ' . 
Limestone, b1];l.e, earthy, rapid effervescence, in fiaky chips .............. 828-1114 

"Sandrock, white, very hard and fine·grained" (no sample, Glen· . 
wood beds) ................. _ .............................................................. _ ..... 1114-1128 

Shale, green and drab, hard (Glenwood) ......................... _ ...... _ ........... 1128-1143 
Saint Peter sandstone (37 feet thick; top 445 feet below sea level)-

Sandstone, white, fine, well rounded, and frosted grains ... -................. 1143-1180 
Prairie du Chien: . 

Shakopee dolomite (penetrated 88 feet; top 482 feet below sea 
level)-

Dolomite, dark gray; white chert; drab shale ....... _ .......... _ ....... 1180-1268 

Mineral Content of City Well, Winfield* , 
P.P.M. 

Bicarbonate ......... _ ........................ _ ........... ~ ................... : ... 280.6 

~~~~~~e .. ::::::::::::::::::::::::::,:=::::::::::::=::::::::::::::::::::::::::=::::::: 4~~:6 
Silica ............. _ ........................ _ ................ _ .................. :..... 13.8 
Fe,O.+ AI,O. _: ......................................... ; ................. _ ...... ~ 3.2 
Calcium ................... _. __ .. __ .. ____ ... _. ________ . ____ . __ ..... __________ . ____ . 201.6 
Magnesium ... _ .. __ ... __ . ___ ... ____ .. __ ... __ .. __ ... ____ . __ .. __ . ______ : .. ___ . __ .. 36.1 
Na + K as Na .... , __ . ____ .. ____ ..... __ .. ________ __ ... __________ . ____ ... ______ 152.1 

Total solids .. ______ ... : __ ....... : ....................................... : .... 1061.7 

WOODWARD, DALLAS COUNTY 
. (Altitude 1060 feet) 

In 1916 a deep well was drilled by Chas. Nolan of Cedar 
Rapids for the State Hospital and Colony for Epileptics neat 
Woodward. The well is located in the N e. ~, sec. 31, Cass Tp., 
Boone county, at an elevation of about 1060 feet. The depth of 
the well is 1800. feet and the diameters are from 12 to 6 inches. 
The static level is 110 feet below the ,surface of the ground. The 
pumping capacity on completion was found to be 220 g.p.m. 

The quality of the water, however, was unsatisfactory and in 
1922 the well was abandoned in favor of a supply drawn from 
Des Moines river. The following log is from a blue print by H. 

* Analysis by Dr. Harry F . Lewis, Chemical'Laboratory, Cornell College, Mount Vernon, 1927. 



HOSPITAL WELL AT WOODWARD 365 

F. Liebbe, State Architect. The assignment to formations is b~ 
the writer: 

Log of well at Epileptic Colony 
DEPTH IN FEET 

Pleistocene (145 feet thick ; top 1060 feet above sea level) : 
Clay, yellow, soft, sticky ..................................................... _....................... 0-27 

' Sand, very fine, some water ....................................................................... , .... , 27-46 
Clay, yellowish gray, containing wood .............. :......................................... 46-51 
Clay, light blue ............................................ 0 ••• •••••• • · . ..... . .... . ......... ......... .......... 51-69 
Clay, grayish yellow, containing sand and gravel ........................................ 69-110 
Cl~y< deep brown ..................... : ................. :. .................................. ::: .............. 11(}-140 
Sana, quartz, fine uniform grains ............. _ ................................................. 140-1,45 

Pennsylvanian (380 ' f eet thick; top 915 feet above sea level) : 
Rock, hard, blue ... _ ... : .............................. _ .. : .................................................. 145-150 
Shale, blue, hard, brittle ............ : .......................................................... _ ....... 150-210 
Slate, sandy; some coal ........................... _ ...... _ ................................................ 21(}-230 

~~~i~, ~ft~~:~~~··;i;;d··;ith··;~h:·~~l~·;~d··ft~·~· '~i~y~:·~~~i"·~~d·i;~-~··~::: ~~t~~g 
Shale, black ' and sandy ..................................... : ............................................ 375-410 
Shale, gray and blue .................... , ........................... , .................. _ .......... _ ....... 410-445 
Flint rock, streaked with shale ................... _ .......................... _ ..................... 445-452 
Shale, gray, blue .................................................................................. : .. ~ ........ ' 452-485 
Shale, sandy ......... , ............ _ ................................................. , ................ , ............ 485-493 
Lime rock, hard, ,brown ................................................. _ .... : ......................... : 493-495 
Sand rock, white, testing 35 g,p,m ............................................................. 495-525 

Mississippian (315 f eet thick; top 535 feet above sea level): 
Shale, blue ' ......................................................................................................... 525-528 
Sandstone, white ............................ : ................................................................... 528-534 
Shale, blue, sandy ............................................................................................ 534-560 
Limestone, gray ' ................................................................................... _ ........... 56(}-720 
Limestone, white, brittle .................................................................................. 72(}-790 
Shale, light blue, fine t exture (Kinderhook) ............................................ 79(}-840 

Devonian and Silurian (505 feet thick; top 220 feet above sea level) : 
Limestone, blue .................................................................................................. 840-865 
Limestone, gray, hard ................................................................................. 865-970 
Shale, brown, hard, c,avy .................................................................................. 970-983 
Limestone, sandy; some water .................................................................. 983-995' 
Limestone, soft, light color .......................................................................... 995-1040 
Shale,' yellow ..................................................... : ................................... _ ......... 1040-1045 
Limestone; some quartz ....................................................... _ ....................... 1045-1110 
Shale .... .' .................................................................................... :,: ........................ 1110-1113 
Limestone, gray, hard ....... _ .................................... _ ..................................... 1113-1240 

II St. Peter sandstone" ............................................... ' ....................................... 1240-1285 
Shale, bluish ...................................................................................................... 1285-1290 
Limestone, hard, brown ............. _ ...... _ ........................................ _ ............... 1290-1345 

Ordovician (penetrated 455 f eet): 
Maquoketa shale and Galena· Platteville limestone (378 feet thick; top 

, 285, feet below sea level)- . 
Shale ...... ; ........................ : .................... , .................... : .................................. 1345-1350 
Limestone, blue ; granite streaks (blue chert!) ........ : ......................... 1350-1410 
Limestone, light color ............................................................................ 1410-1475 
Shale, light :blue ... _ .................................. _ ................ _, ... _ ..................... 1475-1530 
Lime, brown, hard, fine· grained ................................................... _ ....... 1530 .. 1650 
Sandstone, white, round shape .............................................................. 1650-1655 
Limestone, brown" very hard .. ~ ...... :. ....................................................... 1655-1723 

Glenwood shale (2 feet thick; top 663 'f eet below sea' level) ':"" 
, Shale, green .............................................................................................. 1723-1725 

Saint Peter sandstone (penetrated 75 feet; top 665 feet below sea 
level)- ' 

II Jordan sandstone" .............................................................................. : ..... 1725-1800 
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WORTHINGTON, MINNESOTA 

A test well at ,Vorthington, Minnesota, was drilled in 1928 and 
is here placed on record because, situated' but eight miles north 
of the Iowa state line, it gives, no doubt, authentic information ' 
as to conditions of water supply in northern Osceola county. 
The country rock in both the southwestern corner of the county 
and in the northeastern corner is the Sioux quartzite.75 The 
elevation is about 1575 feet above sea level. . 

Driller's log, A . Eng,erbretsen 
DEPTH IN FEET 

Mixture of blue and yellow clay ... _ .................. _............................................. 0 -125 
Yeijpwish gray sand, water to within 50 feet of top .................................... 125 -167JAa 
Gray sand,. quite coarse, water sand ............................................... _ ............... 167JAa-172 
Yellow and gray sand ... _ ........................ _ .......... _.~ .......................... _ ........ 1.. •••••. 172 .-295 
Gray sand ................................................................. _ ............................................. 295 -300 
Yellow and gray clay ................................. _ ...... _ ............................................... 300 -354 
Gray sand ................................. _ .................. _ ...................... _ ................................. 354 -387 

~!~':::ff :~~:..~~~: .. ::::::~::::::::::::=::::::::::::::::::=::::::=::::::=:::::::::::::::~==:::::::::::::::~~~ =~~~ 
Yellow and gray clay ............................... _ ...... _ ..... : ........................................... 398 -440 
Hard sand rock ............................................... _ ...... _ .............. _ ............................. 440 -470 ' 
Hard rock ....... _ ....................................................................................................... 470 -478 
Soft rock and sand, mixed with yellowish clay ................................... _ ........ .478 -508 
Hard rock, but not so hard as the stratum bet.ween 470 and 478 .............. 508 -513 

Driller's log, continued, C. W . Varner, Dubuque . 

' Sand rock .......... :: .............. ~ ..................................................................... _ ............... 513 -535 
Clay or hard pan, caving ., ........................................... _ ..................................... 535 -553 
Sand rock, caving at 583 ....... -' ............................................ _ .............................. .553 -601 
Hard sandstone ......... , ......................................... _ ...................................... _ ......... 601 -604 
Fissure of one foot ............... _ ............ _ ...................... _ ......................................... 604 -605 
'Softer sandstone ............................................................ : ..................................... 605 -610 
;Hard sand ......................... ,., ......................... _ ...................... _ .......... _ ........ ~ ..... , .... 610 -612 
'Softer sand ..•.................... _ •• , .... , ........... : ...... _ ...................................... : ................ 612 -617 
:]lard sand .................... : .. , .......... , ........................ _ ............................ _ ............ _ ..... 617 -630 
Clay, . caved in presumably from about 550 feet ............... _ ....... : .. ,: .......... _ ... 630 -641 
Hard sand rock .......................... : ........................................................................... 650 -705 

. ~ ............................. _ .............. _ ................ _ ........ _ ..................................................... 705 -750 

. RecQrd. of strata, Worthington test well, 19188 

The following determinations were made of samples preserved 
by Mr . .varner. No cuttings had been kept previously to his tak­
ing overthe work. . 

DEPTH IN FEET 

'Sandstone, gray in ,mass, speckled grains irregular, mostly of colorless 
quartz, up to. 2 =. in diameter, secondary enlargem,ents, sparkling, 

. some greenish yellow grains, some black, some. of pink quartz; a little 
gray shale; 2 samples ... _ .. , ............................................................................ 510-520 

{ 75 O. E : Meinzer, Unde,rground, Wat~rs of. Southern Minneso,ta, p, 288. 
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Sandstone, gray, speckled, coarser than above, grains up to 2 mm. diameter, 
mqstly clear, colorless quartz, some yellow, red} rose red and green· 
ish; greenish yellow grains showing cross·hatching and· high polariza· 
tion colors; blackish grains (streak blown) yellowish by transmitted 

367 

light, isotropic; grains mostly broken, a few well rounded .................... 520-525 
Sandstone ' as above, finer ................... _ ........ __ ....................................................... 530-535 
Shale, light drab, noncalcareous, micaceous (white mica), microscopically 

quartzose ......... _ ...................................................................... _ ........................... 535-553 
Sandstone, light gray, and light yellow· gray, fine, form of grains and min· 
. eral constituents as at 520, also micaceoul3 (white mica), and biotite 

mica at 590, .pink grains rather common at 615; 11 samples .................. 553-620 
Sandstone, yellow·gray, fine, cuttings mostly' in angular fine fragments, 

some rounded grains, secondary enlargements, a little feldspar, black 
grains rare, vari·colored quartz rare, micaceous; 6 samples ..... _ ............. 615-645 

Sandstone, coarse to fine, grains up to 2 mm. and 3 mm., much fine quartzose 
material, . grains largely of colorless quartz, a few pinkish, many whit· 
ish, in part of feldspar, irregular, broken, secondary enlargements, some ' 
rounded, not frosted; 3 samples ................................... _ ................ _............. 645-660 

Sandstone, gray, very fine, micaceous, grains irregular ......... _ ........ _ ............... 660-665 
Sandstone, light yellow, slight pink tinge from grains of this color, mica· 

ceous, almost wholly of quartz; ball of pyrite, size and form of grains 
as at 645 ... _.:_ ...... _ ........ _ .... _ ...................................... _ .................. _ ............... 665-670 

Sandstone, light yellow, medium to fine, micaceous, some pink grains, ir· 
regular, . broken ..................................................................................... _........... 670-675 

Sandstone, fine to medium, light gray, as above ........ ~ ................ _ .......... _ ......... 675-680 
Sandstone, light gray, slight pinkish cast, fine to medium as above; 2 sam· 

pIes ........................ , .......................... _ .................................. : ............. _................. 680-690 
Sandstone, yellow· gray, fine to coarse, some greenish, pink and yellow . . 

grains ................................ : ...... _ .......................... _ ................ : ..................... _ ....... 690-695 
Sandstone, light pinkish, t erra cotta colors, argillaceous, in friable masses, 
.. a few yellow, pink and bright red grains ......................... _ ...... _................. 70P-705 
Crystalline rock, minerals : quartz, orthoclase, plagioclase, biotite, other 

ferro·magnesian mineral, masses of kaolinitic material from rock decay; 
8 samples ....................................... , ................................. _ .. ; ............................ 705 .. 750 

Notes.-Water, it is said, was found at 125 feet in considerable 
amount,and continued to come iIi to a depth of about .300 feet. 
A larger supply was struck at 400 feet, rising to nearer the sur­
face. This vein is probably the" gray sand" of the log at 395-
398 feet. Below 400 feet it is not known that any water was 
found. 

This section is noteworthy because it gives. here the elevation 
of the Paleozoic floor of the Grystalline rocks of the Archean, 
about 870 feet above sea level, and because two bodies of rock 
which mj.ght have . peen expected-the Sioux quartzite and the 
Red Clastics of the Cambrian-are enti:rely absent. Yet the 
Sioux quartzite. occurs both to . th~ north and to the west of 
W~rthington withi:Q, the county limits; and in a number of deep 
w~ll sections in Minnel:?ota apd Iowa the sandstones and shales 
6f the Red Clastics overlie the crystalline Archean rocks. Nor 
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is there a trace of the glauconitic sandstones and "marls" of 
the Cambrian. 

Probably drift deposits extend to at least 172 feet. And to 
~he Cretaceous may safely be referred the 268 feet of "yellow 
and gray sand", "gray sand", and "yellow and gray clay" of 
~~~ f 

The upper gray and speckled sandstone of the cuttings is said 
to have begun at 465 feet. The variety of minerals present, the 
lack of assortment and the irregular form of the grains indicate 
a near shore of crystalline rocks, but of course do not record any 
particular geologic period of time. The lower sands, separated 
from the upper sands by 18 feet of drab shale at 535 feet, in 

. large part finer, and more predominantly of colorless q:uartz, 
though also poorly rounded of grain, record a more distant 
source of supply, with a longer period of effacement of the weak­
er minerals by wave' work. Yet the two sandstones are' on the 
whole much alike in mineral composition and sh~pe of grains. 

It ' is not determined whether these sands are Cretaceous or 
Cambrian. 

Although these sands of the cuttings below 510 feet at 
Worthington seem to have been found dry, it does not follow as 
a sure conclusion that they would be found everywhere dry across 
the Io~a line. They do not encourage drilling, but they do not 
forbid it. Their texture, caving at one horizon, suggests that 
in places they may perhaps be water-bearing. 

QUIT~, MaSSOURI 
(Altitude 906 f eet) 

Mr. Gerald Bednar, President of Iowa's First Oil Develop­
rp.ent Company, which drilled the oil prospect south of Clarinda, 
has furnished a log of a prospect which was drilled near Quit­
man, Nodaway couuty, Missouri, by G. H. Rose and Son of 
Maryville, Missouri. This well is in the hills one mile south 
and two miles ·east of town, in the southeast corner of SE. 1,4 
NE. % Sec. 15, T. 64, R. 37, at an elevation of 953 feet above 
sea level, and was completed June 6, 1927. It is about 40 miles 
south of the Clarinda boring and nine miles south of Maryville. 
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Driller's log of prospect in Cardin Lease, Q1l1itman, Nodaway County, Missouri, 
well no. Ie 

DEPTH IN FEET DEPTH IN FEET 

Soil ....................................... _..... 0-10 . Lime ... _ ......................... ' .............. 560-570 
Yellow clay ....................... _....... 10-25 Shale, dark .............................. ~ ... 570-575 
Gravel (water) ... _ .. : ............. _... 25-35 
Blue shale .................................... 3f}:-45 
Lime .............................................. 45-48 

Shale, brown .............................. 575-585 
Lime, brown ........ , ....................... 585-588 
Red bed ........................................ 588_593 

t~~~t .. ~~~~.~ .. :::::::::~::::=:::::::::,:::::::: ~t~~ Shale, sandy ........................... :: ... 593-600 
Lime ......... _ ................................. 600-604 

Light shale .................................. 53-55 
Lime ......................................... :.. 55-60 

Shale, dark .................................. 604-606 
Lime, hard .................................. 606-632 

Light shale ................................ 60-62 
White lime .................................. 62-74 

Shale, dark ............... _ ............. , ... 632-635 
Lime ............................................ 635-642 

Light shale ........................... _..... 74-82 
Lime ............................................ 82-89 

Shale, sandy ......... :...................... 64fl-644 
Lime ... _ ...................... _............... 644-668 

Shale ............................................ 89-90 ' 
Lime ............... _........................... 90-105 

Shale, black ............... _ .. c ••••........ 668-676 . 
Lime, very hard ........................ 676-696 

Shale, dark .................................. 105-108 
Lime ... _ ....................................... 108_112 

Shale, black .... __ ... _..................... 696-700 
Lime ................................. _......... 700-702 

Shale, dark .................................. 112-114 
Lime ............................................ 114-116 

Shale, dark .................................. 702-707 
Lime ......... _ ............................ _ ... 707-718 

Shale, dark ............... _ ................. 116-126 Shale, dark, broken ............... _ ... 718-720 
Lime ............................................ 126-128 Lime ......... _ ................ _ ............... 720-732 
Shale, light ................ : ................. 128_129 

' Lime ... _ ........ ,.............................. 129-132 
Shale, light ... _ ............. ~ ............... 132-177 
Lime ............................................ 177-190 

Shale, broken ... _ ................ _ ....... 732-737 
Lime ............................................• 737-739 
Shale, broken .............................. 739-746 
Lime ....................................... _ ... 746-748 

Shale, dark ........................... _ ... 19(}c-193 
Lime ............................................ 193-198 

Shale, dark .................................. 748-752 
Lime ..................... _., .............. , .... 752-757 

Shale, light ............... ~ ................ 1~8-210 
Lime ................. , .......................... '210-214 

Shale, blue ............................. , .... ,757-762 
Lime .................... :....................... 762-770 

Lime, broken ... _......................... 214-217 
Lime ............................................ 217-230 

Shale, blue ......... _ ....................... 770-777 
Lime ............................................ 777-779 

Shale, dark .... ' ................. ' ............. 230-233 Shale. blue .................................. 779-784 
Lime ............................................ 233-248 Red bed ............................. _....... 784-788 
Shale, dark .................................. 248_260 
Shale, light ......... _ ....................... 260-273 

Shale, light .................................. 788-803 
Lime ........................................ : ... 803-808 

Red bed ........................................ 273-285 
Shale, light ................................ 285-424 

Shale, dark ............... _ ................. 808-837 
Lime ... _ ....................................... 837-844 

Lime ......... _ .... _ ........................... 424-4~9 
,Shale, broken ......... : .................... 429-443 
Lime ............................................ 443-447 

Shale, light ..................... : ... :._ ..... 844-848 
Shale, dark .................................. 848-860 
Lime ............................... _ ........... 860-862 

Shale, light .................................. 447-452 Shale ............................................ 862-865 
Lime ......................................... : .. 452-457 Lime' ............................................ 865-870 
Shale, light ................................ 457-461 
Lime ..................................... _ ..... 461-467 

Shale, dark .................................. 870-873 
Lime ........................... _ ............... 873-876 

Shale, dark ..... _ ......................... _ 467-475 
Lime ............................................ 475-485 

Shale, dark ... _ ............ _............. 876-882 
Lime ... _ ....................................... 882-885 

Shale, light, sandy . .................... 485-487 
Lime, hard. .................................. 487-488 

Shale, dark .................................. 885-889 
Linie ............... _ ............ _ ............... 889-897 

Shale, light ................................ 488_500 Shale ............................................ 897-902 
Lime ... _ ...................................... : 500-515 Lime ..... _ ....... : .................. _......... 902-903 
Shale, light ....................... _ ......... 515-518 
Lime ................ : ........................... 518_522 

Shale, black .............................. ,. 903-904 
Lime ....................................... _ ... 904-905 

Shale, light ....................... _....... 522-524 
Lime .......... : ................................. 524-526 

. Shale, sandy................................ 526-530 
Lime ....•....................................... 530-535 
Shale, dark ................................ 535-555 
Shale and broken sandstone .... 555-560 

Shale, dark ......... _ .... _ ................. 905-910 
Lime, gray .................................. 910-914 
Shale, light ..... _ ........................... 914-918 
Lime, gray ......... _ .... _.: ............... 918_922 
Shale, dark ......... _....................... 922-929 
Shale, green ................................ 929-954 
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Shale, dark .................................. 954-1016 
Lime ............... : ............................ 1016-1020 

Shale ............................................ 1173-1176 
Lime ............................................ 1176-1178 

Shale, black ................................ 1020-1028 Shale, dark ................................ 1178-1195 
Lime, hard .................................. 1028-1030 
Shale, black ................................ 1030-1037 

Shale, light, sandy ...................... 1195- 1211 
Lime, gray .................................. 1211-1213 

Shale, blue, sandy ...................... 1037-1044 Shale, light, sandy .................... 1213-1218 
Lime .. ~ ...................................... : .. 1044-1045 
Shale, dark .................................. 1045-1047 

Shale, dark .................................. 1218-1300 
Sand, water (oil showing) ...... 1300-1305 

Lime ............................................ 1047-1048 Shale, dark .................................. 1305-1308 
Shale, dark' .................................. 1048-1066 
Lime ..................... : ...................... 1066-1070 

Lime ............................................ 1308-1311 
Shale, black ........ ~ ....................... 1311-1313 

Shale, dark .................................. 1070-1080 
Lime ............................................ 1080-1082 

Shale ........................................ , ... 1313-1314 
Lime ............................................ 1314-1316 

Shale, dark. to black .................. 1082-1104 
Lime ............................................ 1104-1105 
Shaie, dark ................................ 1105-1116 

Shale, black ................................ 1316-1332 
Water sand (oil showing) ........ 1332-1337 
Shale, light ............. , .................. 1337-1357 

Lime ............................................ 1116-1118 Shale, dark .................................. 1357-1367 
. Shale, dark ............. : .................... 1118-1125 Shale, black ................................ 1367-1370 
Shale, yellow .............................. 1125-1132 Shale, dark .................................. 1370-1387 
Shale, dark .................................. 1132-1151 
Lime ........................................... .l151~1153 

Shale, black ................................ 1387-1390 
Shale ............................................ 1390-1391 

Shale, dark .................................. 1153-1160 
Shale, sandy ................ , ............... 1160-1165 

Shale ............................................ 1391-1395 
Lime and particles of iron ...... 1395-1400 

Shale, dark .................................. 1165-1172 
Lime ............................................ 1172-1173 

Shale, black ................................ 1400-1404 
Shale ............................................ 1404-1410 

,. 
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Deep Wells Abandoned Silnce 191$ (Compiled ;''11 19t5) 

YEAR 
LOCATION 

Amana 
DEPTH a ,OM-

REM,ARKS IN FEET PLETED 

Woolen mill well 1640 1883 Heads now 2 feet above curb, dis­
charge 100 g.p.m. 

Belle Plaine 
City well 

Burlington 

1503 

Iowa: Soa,p Co. 509 

Sanitary Milk Co. 487 
Cedar Rapids 

,City wells nos. 2 and 3 1450 

Y. M. C. A. well 
:Centerville ' 

City well no. 2 1540 

City well no. 3 .. 2054 

Cherokee 
State Hospi~al for the In-

sane 1070' 
Clinton 

C, & N. W. Ry. Shops 1159 

C. & N . W. Ry. Shops 
Clinton Paper Co. 
Excelsior Laundry Co. 

Council Bluffs 
Hurd Creamery Co. 

(Bloomer Ice Co.) 
State School for Deaf, 

well no. 1 
State School for Deaf, 

well no. 2 
Dubuque 

City well, 6th Ave. 
Consumers' Steam Heat-

ingCo. , 
Cushing factory 
Schmidt Brewery 
Linwood cemetery well 

no. 1 

Linwood cemetery well 
no. 2 

Steam Heating Co. 
Dunlap 

City well 

, 
1076 

737 

1280 

1012 

1080 

1927 

802 
965 
886 

1765 

1954 

802 

1500 

1907 Soon after completion superseded by 
' artesians 200 feet deep. Supply now 
from shallow wells in gravel on Salt 
creek " '. 

1904 Cost of chemical treatment as much as 
that of city water 

1905 Plant moved to other location 

1888 Cost of pumping, due to lowered static 
, level ' 

~uilding now .us~d ,for other purposes 

1895 Replaced by impounding reservoir. 
Quality of well water poor 

1904 Replaced by impou:iJ.ding reservoir. 
Quality of well water .po<!r 

1902 Replaced by 4 wells 200 feet deep 

1896 Supply now pumped r from Mississippi 
,RIVer . 

1900 
1883 Property sold 
1910 Plant moved. Present head + 16 feet. 

Increased flow when City well no. 
' 6 was drilled 

1906 Cessation of flow and cost of pumping 

1885 

1889 Rusting of casing and fill 

1900 

1884 
1888 
1891 

, City water found cheaper than ' cost of 
pumping 

1891 City water found cheaper than cost of 

1884 
pumping 

, Superseded by four 5 inch sand points' 
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1)eep Wells :Abaoooned since 191~ (Continued) 

Fort Madison 
Atlee Lumber Co. 720' , 
Hinde and Dauch Paper 

R.eplaced by 5 wells from 130 to 145 Co., no. 1 689 1888 
feet deep 

no. 2 689 1903 
Jefferson 

City well 2026 1886 
KeokUk 

Hubinger Tile and Brick 
Co. 800 , Plant abandoned 

Hubinger house wells 2000·2230 , Property sold, lakes fed by wells 
drained, and houses built on site 

Keokuk Pickle Co: 710 1892 Company out of business 
Rand :Park 1800 , 

Mallard 
City well 1050 1903 Fill with sand 

Mason City 

I 

City wells nos. 1, 2, 4, 5 651·616 1892 Supply now drawn from 4 wells 1200 
feet deep 

Onawa 

[ 

City well 863 '1905 Infection 
Ottumwa 

Y. M. C. A. 800 

[. 
Waterloo 

City well no. 1 1373 1905 Adequate supply from later wells, soil 
infected 

Waukon 
City well no. 1 577 1896 Supply from wells nos. 2 and 3. 
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Burlington 
Ice Company 852 
]durray Iron VVorks 831 

Bettendorf 
VVateJ; works well no. 1 1650 

Bloumfield 
City well 1817 

Cedar Rapids 
City well no. 1 1450 

Clinton . . 
Corn Syrup Refining Co. 1226 
Curtis Bros. & Co. 1150 

Gas and Electric Co. 1605 
Davenport 

Independent Produce Co. 1285 (]dalting Co.) 
French & Hecht - 1539 

(]detal VVheel Co.) 
Independent Baking Co. 900 
Kohl' 's Packing Co. 1100 

(Tri-City) 
Nichols Steel & VVire Co. [ 1500 

(Corn Products Co.) 2007 
Schmidt Bldg. 1200 
VVitts' Bottling Works 780 

- "- - . - ."--. , 

Deep Wells of 'Diminishea yield, reported"in 1985-

1'1 8 Head. above . S ~ or below curb, Yield ~ 0l'l ~ I'lo 
Po ~."' S "'~ . 
° ¢l.S 0 
'H ' 'HS <;i ~,-... <;i ~,...... 

0 0;a .S I'llQ .S I'llQ 
.,e<r .,e<r ., ., 

b.O "'''' .~ "'''' ~ ~ .... ., ...... ., ...... 
01 ~o 'i:: ~'-' k ~'-' A 0 0 

------------
GALs. GALs. 

PER PER 
YEAR YEAR FEET FEET MINUTE MINUTE 

== 
1911 +51 500 75 .' 1903 ~-.... .+92 - 300 50 

-3 1000 600 

1900 - -130 -172 300 300 
-

1894 .' +28 -18 250 
~~ 

1908 , -14 400 275 
1911 

-, 

- -7 150 

1911 
' ~ 

+2 -14 500 250 

{ 1896 1917 1904 
- I9U9 1919-25 +21 - 200 65 

1920 +2 17 
1893 1922 +46 -35 ' '250 300 

1876 r +58 [+10 1892 l +81 
1892 1922 +30 -30 45 40 
1891 1899 .+82 -6 300 20 

. ,-

. 
. 

, 

t 

-

-
ALLEGED OAUSE; REPAIRS 

Rusted casing 
Repacked, recased 

No repairs' . . 
No repairs 
No repairs,. draw down of 14 feet 

when pumping at capacity 
No repairs, 

Interference from other wells 

Recased and repacked in 1921 

No repairs 
No repairs 

No repairs 

Recased and cleaned in 1924 
Cleaned, and repacked in 1905; loss 

slIdden in 1899 
.. 

t;j 
H 

~ 
~ 
Ul 

~ 
t;j 

~ 
trj 

b 
o 
I:zj 

~ , 
trj 

~ 
Ul 

CI.> ... 
e.> 

"1 



- . ~ -
~ . ~ 0 ..... 

:.3 "5~ -a ~o ..... . a ..,.., 
"'::; 

" .. , 
0 ¢! .~ 0 
'H ~;a 

~ 
0 
Q) 

~cs - p.. 
~ .' 

Q) 

A A A 

FEET YEAR YEAR 

Dubuque 
Bank & Insurance Bldg. 1380 1900 1920 

J as. Beach & Sons 965 1897 
Elkader -

City wells 1 and 2 180 1896 1913 
-

Fort Madison 
Santa-Fe Ry. Shops 700 1906 1922 

Hampton . 
City well no. 1 1709 1900 1923 

Homestead .. 
City well 1895 1914 

Keokuk - .. 
Y. M. C. A. well - 769 1902 '1921 

Ottumwa 
John Morrell Co. Well no. 1 1110 1888 1895 
John Morrell Co. Well no. 2 1554 . 1892 1895 
John Morrell Co. Well no. 3 1702 1897 1902 
John Morrell Co. Well no. 4 2205 1904 

Rockwell City 
City well no. 1 1475 . 1920 

Sabula " 

City well : 973 1895 

West Li1!erty J 

City well : 1768 1888 -, 
Condensed Milk Co. 1721 1904 

(Bought by City) , 

Head above 
or below c!lrb 

;3 ..,--
~ ~It:l 

'So Q)"'I 
'" e>-

'k Q)", ... '-' 
0 ~ 

------
-

FEET FEET 

+10 
.. -; 

+34 -. -.... 

+20 

+69 -

-50 -123 

-90 -155 

+50 +20 

-115 -160 

+74 +27 

+9 . -23 

-

Yield 

;3 ..,---
_9 ~It:l 

Q)C<I 
b.O ",e> 

'0:: Q)'" .... '-' 
0 p. 

-------
GALs. GALs. 

PER PER 
MINUTE MINUTE 

125 

500 145 

300 

366 

350 

100 
50 

450 
1000 

720 

.. 

120 250 
300 325 

.. 

.. 

. 

ALLEGED GAUSE, REPAIRS 

Repaired·in 1925, effect, 35 per cent 
increase in flow 

Recased in 1908 and 1912 

Dynamited, cleaned, recased, re-
packed 

Filling with sediment 

Filling, rusting of casing, no repairs 

No repairs 

Cleaned in 1919 

Rebored in 1892 
No repairs 
No repairs 

No repairs I 

Repacked and recased in 1913 with-
out effect 

No repairs 
Recased and cleaned in. 1923 

t» 
~ .... 

t; 
t<:f 
t<:f 
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WELL WATER RECESSIONS IN IOWAl 

JAMES H. LEES 

Well waters of Iowa may be grouped into two classes, so far 
as their origin is concerned. . These are watets derived from the 
glacial drift, with its interbedded sands and gravels, and those 
obtained from the underlying bed rock. The great body of the 
glacial drift consists of more or less .pebbly compact clay which 
absorbs water rather slowly, hold but little and yields it grudg­
ingly. Associated with the mass of this clay, or till, however, are 
bodies of sand and gravel, some of them more or less lenticular 
and of limited size, some of them with more uniform dimensions 
and of very considerable extent, either as widely distributed 
layers or as long narrow accumulations filling channels in glacial 
drift or in rock. Such bodies make excellent reservoirs and yield 
their stores of water readily enough, except in cases where the 
sand is very fine. Another type of material which is associated 

, with the glacial till, although it is of eolian rather than strictly 
glacial origin, is the loess-a very fine-textured clay or silt; 
typically without sand or pebbles, although these are found local­
ly, especially near the base of the loess deposit. Despite its fine 
grain and texture . the loess is very porous and transmits water 
quite freely, hence it, and especially its sandy base, forms an 
aquifer of some importance. 

. FIVE DRIFT SHEETS 

' Five glacial d:r.ift sheets have been recognized in Iowa. The 
oldest of these, the N eoraskan, covered the entire state and ap­
parently ~t still constitutes the major fraction of the glacial de­
posits of western Iowa at least. A basal sand seems to be widely 
present and supplies a number of wells which penetrate the over­
lying beds. A second drift sheet, the Kansan, covered all of . . 

1 Reprinted ·by permission and with additions from the Journal of the American Water Works 
Association, Vol. 18. No.3. September. 1927. Presented before the Chicago' Convention, June 9, 
1927. 
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Iowa except the :north~ast. corner and forms' the surface d'rift, ~f ' 
southern and northwestern Iowa~ It is separated from the 
Nebraskan by a generally distributed 'gumbotil, a dark gray, very 
fine-textured gumbo clay which is resIdual from chemical weath­
ering of the underlying till and which forms a flooT for the basal , 
sands which are related to the Kansan drift. A narrow ship of 
southeastern Iowa between Davenport and Fort Madison 'is cov­
ered by illinoian drift, which resembles the older drifts in gen­
eral character, in the presence of embedded and basal sands and 
in being overlain by gumbotil. Most of the northeast quarter of 
the state 'is covered by Iowan drift, which is notable for its ~x­
cep'tional thinness and for the great deposits 'of loess which mark 
its boundaries and spread in an ever-thinning blanket oyer the 
older drifts. Loess of approximately the same age is piled ~p 
also in thicknesses of thirty to a hundred feet o~ mor'e along the 
bluffs of the two bordering rivers of the state and in lesser quan­
tities along the Des Moines and over the intervening, ~'erritory. 
In north:cen'tral Iowa, however, the Des Moines valley loess is 
mantled by the Wisconsin drift, the youngest of the glacial de­
posits of the state. 'Vithin recent years the Iowa Geologic,ai, 
Survey 'has determined the presence in northwes~ern Iowa of a , 
strip of Iowan drift west of the' margin of the Wisconsin lobe. 
This is shown on the map, figure 1. 

TOPOGRAPHY OF DRIFT AREAS 

' The topography of the northeast corner ofIo'Ya, .the only part 
of the state uniIivaded by glaciers later ihaI). the Nebraskan, i~ 
exceedingly rugged, the drift is almost entirely eroded away and 
the only unindurated materials are alluvium and coarser filling 
in the valleys and residuum from rock wastage and loess, OI,l the 
uplands. . The valley filiing furnishes an abundant and perma­
nent supply of water to wells sunk therein, but the upland cover- , 
irig is thin and over much of the area is well drained so that ~om­
paratively few wells find sUfficient water in it, bu~' ar~ compeiied 
to enter the underlying rocks. 'The thickness of the ,Kansan and 
NebraSkan drifts of southern Iowa' is much greater than ,that, of 
the northeast corner and reaches a maXimum of 500 feet or more 
iIi some of the western counti'es. The topographic features are 
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markedly erosional, although some upland tabular divides still 
indicate the level character of the original drift plain. N ear the 
"breaks" water is likely to be found only at considerable depths 
and this is true of some parts of the uplands, as where no gravel 
beds have been penetrated and hence wells must be sunk through 
the entire thickness of .the drift to search for the sand bed at its 
base. The deep, wide valleys of this province supply many town 
and farm wells although even here some failures are to be noted 
and recourse must be had to ponded surface supplies. The char­
acters of the Illinoian drift plain are similar to those of the 
province just described except that here are three drifts with 

. their contained gravels and sands .from which water may be 
drawn. 

The loess overlying the three older drifts in southern and 
northwestern Iowa has always been utilized as a source of water 
for shallow wells, which generally have been sunk to the basal 
sand layer. In some parts of western Iowa a good many wells 
are supplied from a layer of gravel which lies immediately under 
the loess, but which seems to be residual from the wastage of the 
drift rather than depositional, as a part of the loess. The Iowan 
drift plain of northeast Iowa has typically a rather gently roll­
ing surface, which, where the drift is thin, permits of fairly free 
natural d.rainage of the ground water. Where the thickness 'of 
the drift is greater, ranging up to 200 to 300 feet, the water con­
tent is much larger. The topography of the Wisconsin drift 
sheet is very immature so that except near the few larger 
streams the glacial materials are water-logged and the head of 
water is high, permltting the use of many shallow wells. 

INTERMEDIAT'E WATER SUPPLIES 

It is impossible of course to distinguish sharply between the 
waters of the glacial drift and those of the country rock, as there 
is naturally a continuous interchange, especially where the rock 
under the drift is limestone or sandstone. ·N ot only are these 
rocks sufficiently porous to permit absorption of the overlying 
water, but wherever the solid strata are overlain by broken or 
residual materials these latter hold a supply of water and in 
many c~ses serve as a valuable aquifer. Where the country rock 
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~s ~hale, however,' ifacts as a confining rather than ~ contributing 
!lgent. 
, 

DISTRIBUTION OF STRATIFED ROCKS 

The stratified rocks .come up to the glacial beds in a series of 
broad irregul~r belts with a general northwest-southeast trend, 
~s is shown on the geological map, figure ·2. The' series includes 
sandstones, shales, limestones and -intergradations of these three 
types. ,There are no eruptive rocks to break the sedimentary 
succ~ssion and -very little' f~:ulting mid comparatively little warp-

"MARSHA!.!. TOWN CEDAR RAPIDS WISCONSIN' ft. " BARABOO 

. Fig. 3.-Geological section from Barahoo, Wisconsin, to Des Moines, Iowa, showing the gen­
eral stratigraphy of the region. The drift is not shown. 'I'he c·hief aquifers are the Sa.int Peter, 
the Jordan and the Dresbach sandstones. The Jine of juncture of the Cambrian sandstones and 

'the underlying Huronian is hypothetical. a Des Moines; b Mississippia.n: c Devonian; tL Niag-
' a.ran ; . e Ma.quoketa; f Galena-Platteville; · g Saint Peter; h Prairie du Chien; i Jordan sand-
I' stone; i Saint Lawrence; k Dresbach and underlying Cambrian. , By W. H. Norton. . 

ing have oecurred to rupture or deform the beds. In age the, 
I strata range from Upper Cambrian to Upper Cretaceo1l:s, with 

the older rocks exposed in the northeastern part of the state and 
the younger .ones to the west, southwest and south. From their 

· 'outcrops the strata have-a general dip toward the southwest of 
.about ten feet per mile, hence the older beds lie within reach of 

. the drill over most of the state, . exception being made of the 
' notth~est corner, where some of .the~ are absent, and of' the 

, southwest, where search for them is hardly practicable. Excep-
· tion should be made also of the disposition of the Upper Creta­

ceous 'beds in western Iowa, which instead of being arranged con­
formably with the older strata of that 'region lie upon the up-

· turned eroded edges of these older beds. The entire series of sedi­
" mentary rocks rests' on a substructure of qilartzite 'known in Iowa ' 
, . as the Sioux quartzite~ whIch is practically impervious to water 

" ,'an'd hence marks the lowest limit of efforts to obtain &,upplies in 
:. wells. Its surface forms a great trough which rises above the 
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newer strata in the northwest township of the state, is 1600 feet 
,deep or more in the north-central counties and is 750 feet below 
the Mississippi in the northeast corner of Iowa. Wells in central 
Iowa do not reach it at 3000 feet. 

WATER BEARING BEDS 

The limestones, of course, are water-bearing and yield gener­
ously when a crevice or a channel is reached by the drill, but the 
most reliable aquifers are ihe gTeat sandstones, including the 
Jordan" Dresba'ch and Mount Simon sandstones of the Cambrian 
and the New Richmond and St. Peter of the Ordovician. These 
beds have a large area of outcrop in the adjoining parts of Iowa, 
Wisconsin, and Minnesota, they also have a very wide distribu­
tion under the younger rocks beyond the area of their outcrop 
and their physical characters are such as to enable them to carry 
enormous volumes of ,water under considerable head and under 
conditions of exceptional purity. These characteristics give the 
sandstones such high favor that over probably three-fourths of 
the state they are sought as the ultimate desiderata where deep­
lying supplies 'are required. ;Flowing wells are obtained aloI).g 
the Mississippi as far south as Keokuk, but under the higher 
lands of the interior the head is insufficient in most cases to bring 
the water to the well curb. At New Albin in the northeast corner 
of the state the Jordan sap.dstone rises 966 feet above sea level 
while at Des Moines it is 1546 feet below sea level and at Stuart, 
the farthest southwest at which it has been reached, its surface is 
1495 feet below sea level. The distance from the Jordan to the 
New Richmond ,is about 175 feet while the St. Peter lies about 
150 feet above the New Richmond. The Dresbach and underly­
ing sandstones are at least 500 or 600 feet thick. The Jordan 
averages about 100 feet, the' New Richmond 50 and the St. Peter 
nearly 100 ,feet in thickness, thus assuring ' an abundant water­
containing volume. 

The foregoing summary may serve to give a generalized im­
pression of the ground water situation in Iowa and furnish the , 
background for a study of the depletion of ground water re­
sources. That there has been such a depletion since settlement 
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began is a matter beyond question-the difficulty lies in deter-
mining the causes and the amount, as well as the remedy. ' 

McGEE'S STUDY OF WELLS 

An investigation into the relations of wells and subsoil water 
was made in 1910 by W J McGee, a native of Iowa, who at that 
time was in charge of Soil ,Vater Investigations for the U. S. 
Bureau of Soils. This investigation covered ' all of tl{e United 

, States, but only Iowa will be considered here.2 Illinoist Indiana 
and Iowa were classed as having the most dependable records. 

The 99 counties of Iowa were represented by 517 reporters, 
who sent information about 1527 wells, the highest number ie-
1?orted from any state except Missouri, which had the same num­
ber. Besides information about the locations and ownership of 
the wells the reporters were asked for data as to the character of 
wells, dates of making, and original and present depths of water 
in the wells. McGee divided the wells upon which reports were 
made into shallow or dug and deeper or drilled wells, excluding 
flowing wells and those of great depth. The summarized data 
for the two classes of wells were tabulated and arranged as in 
table 1. ' 

Grownd 'water levels.-A number of the reporters remarked 
that the water level had not changed much in the preceding 20 
years, that is since 1890. Some observed that there had been 
little chali.ge in 40 or 50 years, others that some springs 'and wells 
gave better supplies than formerly. But most observers report­
ed that the general water level had lowered so much that, where­
as the settlers and early residents had obtained sufficient water 
from dug or bored wells 10 to 30 feet deep, now nearly all the 
wells within the reporters' lmowledge were drilled-to depths of 
60 to 100 feet, or some to 200 and 300 feet. In his own summary 
McGee states: "'To one familiar with the state since the settle­
ment of the eastern counties (as he was) the records and remarks 
jointly indicate a mean lowering of the ~ubsoil water level during 
an average of 50 years that can hardly be put at less than 20 
feet." However, as an average of the wells reported to hinl 
MeGee estimated 12.5 feet as the lowering during the preceding 

2 United States Department of Agriculture, Bureau of SoilS: Bulletin 92. 
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half century. ' For the typical agricultilral states McGee 'states 
that" the average .lowering since settlement woUld appear to be 
no less than . 9 feet, i.e., from well withIn to about the limit of 
capillary reach from the surface." 

Table I, McGee Classification of Wells 

.. 

·t 
Dat~ of making, 'average_, _____________ .. __ 
Depth of well, feet.. ... __ ....................... . 
Original depth of water ...... _ ............ . 
Present depth of water ... : ................ __ 
Rise ................................ ,_ ........ , ... , ...... __ 
FalL .... : ............. _ .................................. . 
Depth ~ ,water table.. ........ _ ...... :., .... __ 

" \ 

SHALLOW DEEP . 
1 ___ , ___ 1 ___ --- .A.VEltAGE 

_____ I __ N_U:l._·rB_E_R [------NUMBER 

768 1875 535 ' 1895 1887 
895 36:1 
749 15.4 
852 11,8 

20 ~,17 
373 6.71 
895 24.1 

632 
506 
551 

7 
128 

·607 · 

153.0 
77.8 
74.4 

8.93 
14.30 

' 78,7 . 

5.41 
. 8.65 
46.1 

Ca~(;Ses of lowering.-In discussing the causes of the lowering . 
water table McGee dismissed a lessened rainfall as being negligi- . 
ble and unproved. Industrial causes such 'as tile and open 'ditch 
drainage, large wells, mining, etc., are of only local and rather 
superficial importance, as is consumption by animals and men. 
The greatest amount of lowering-amounting to 80 or 90 per 
cent!-McGee assigns not so much to consumption of accumulated 
stocks as to the cutting off of the natural source ?f supply~the . 
fact that under present conditions of cultivation storm waters do 
not enter ·the ground, but run off to the streams and so are un..' 
able to replenish the stores of ground water. The remedy; Mc-
. Gee points out, is to make each farm take care of all tHe water 
falling on it during the entire year 'by retaining this water by · 
means of mulch orwell-tilled soil or contour furrows and ridges 
so that it-will be forced to pass into the ground . . 

r ' ., STUDIES BY UNITED , STATES AND IOWA SURVEYS . 

For a IlUmber 'of years prior' to 1910 the Iowa and United 
States 'Geological SurveylS had coop'eratea in a special study'6r 
undergtbund\vater conditions ill this 'state and in the pro'secution 
of this study every county in the state had been ·visited. While 
the ' collection of statistical data on the general ground water 
level was not the main 'object much information was gathered 
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and. in many of the reports ' on the' varions counties statements 
are made regarding the head of water. A few citations will tell 
the tale of changing conditions.s 

t, 

. Tp.e pioneer wells of a flowing field in Bremer. county were 
sunk more than 30 years' before and the head of a number has di­
minished . . The static head 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 the bottom lands. On the open prairie of Buchan­
an county some of the early settlers 'obtained water by wells end­
ing in pockets .or streaks of gravel in the Kansan drift. 'Nearly 
all of these wells were abandoned long ago. In ·Cedar .eounty the 
shallow wells, . which at an early date found plellty of water at 
the base of the loess' in ashen silts and basal sands, 4ax~ been 
generally either abandoned or sunk deeper. Many ·of the older 
wells in Iowa' county were dug or bored a short distance into the 
drift, but' at pre.sent many drilled wells range in 'depth from 50 
·to more than: 300 feet; ending in sand and gravei interbedded 
. with or immediately below the drift. At Fairfield in J effersoll 
county , shallow wells must ·now be bored 10· to l5 · feet deeper . 
than forme.rly. Ground water beneath the level prairies of Keo-.: 
lruk county.·stands high. The basal silts and sands of the loess. 
yield sufficient for house use. Most of the water supply of Lee:.; 
cp.unty is still drawn from the drift, but an increasing number,·or 
wells in recent years have . been drilled to the water beds of the ' 
country rock. The Wisconsin drift of Cerro Gordo county is' so . 
imperfectly drained that where it occUrs the. ground-water table · 
ifi;, near the surface. · E.1sewherethe iowan drift is ·too thin . and 
too well drained.to be a reliable aquifer. The 'sandy base of the · 
loess of Marshall county .was formerly an· important aquifer but 
drainag~ and cultivation have red1;lced . the ground-water level 
far helow it. Wells in Adams county have been deepened to .the' 
sand:j? at the base of the drift and the same is true of Cass county 
wellli!'~ ' In general less is said about 10well~' water levels in the" 
ar~a'of the Wisconsin drift than. in regions of older drift, more 
mature topography and better natural drainage, although even ' 
h~re J~:l progressi:v.e lowe.ring has been notE3d . 

. S Io~a Geol~glc~1 S~r~ey; vol. xxi ; U: s. U~oldgic~i Survey, W. S. Paper, 293 : 
.1'- ., . .I • "I! . 1 . • (; . 
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STUDY OF DEEP WELLS 

Ever since the inception of its work the Iowa Geological Sur­
vey has made the study of underground water resources and 
conditions a major Hne of effort. Some of the results of this 
study of drift welis have been noted. The investigation of the 
deeper, artesian wells drawing water from the great rock aqui­
fers is attended with less definite and satisfactory results.' One 
can state in many cases that the head has declined, but the rea­
sons are more obscure and one can not always assign changmg 
conditions to stated causes., ,However, the facts may be stated 
even though definite conclusions can not be drawn. 
, Some cases of lowering.-In the northeastern counties, where 

the Ordovician and Cambrian sandstones lie not far beneath the 
surface, flowing wells are cOIIlIl}on in the deeper valleys. Many 
of these still flow, but the head of the Lansing well has fallen 15 
feet and the yield has decreased from 70'0' to 30'0' gallons a niinute. 
Many of the wells of this region have been allowed to flow unre­
strainedly for years, virtually wasting the stores up'on which 
they were continually drawing. A similar lowering of head was 
noted at McGregor. Dubuque has a number of deep wells, some 
of which reach the Jordan, some the underlying Dresbach and 
some 'still 'deeper sandstones. A number of these have suffered 
diminished flows, from all water-bearing horizons. In some cases 
the loss is attributed to deterioration of casings, in others to the 
local effects of nearby wells and in others to general lowering of 
static head, due to overdraft. 

The Davenport artesian field has shown from the beginning a 
progressive loss of pressure, lowering of static level and diminu­
tion of 'discharge. This has been especially notable in the case of 

,wells drawing chiefly from , the -St. Peter. The head of the 
Jordan and lower waters remains higher -than that of the St. 
Peter and it is evident that the latter bed is at least locally over­
taxed. The head of the Witt's Bottling Works well has 'fallen 
from 81 feet above curb to 6 feet below curb and the yield from' 
30'0 to 20' gallons per minute. 

Two of Cedar Rapids' city wells have ,been abandoned owing 
to the increased cost. of pumping caused by the lowered static 
level and the well of the Burd Creamery Company at Council 
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Bluffs has had the same ,history. The -head of the Bloomfield 
city well has dropped from 130 to 172 feet below curb, although 
the yield remains ,the same~ The head of the West Liberty 'city 
well has ~allen from 9 feet above curb to' 23' feet' below, but the 
yield has increased from 120 to 250 gallons :per minute: There 
have been no repairs. The head of one deep well at Washington 
has dropped from 44 'to 133 feet below curb while the head of an­
other rose from 100 to 70 feet below curb. Waterloo's first deep 
well (1905) had a static level 20 feet' above curb while the fifth 
one (1922) never flowed and its head has been about 50 feet be­
low curb, or 70 feet below the 'head of the first well. The' static '· 
level of the Sioux City wells is reported as falling at the rate of 
four inches yearly. From 1907 to 1921 the recession was stated 
to be a foot a year. 

These records as well as many others at hand seem to' show 
that a .variety of causes has been effective-some of them evi­
dentlyconflicting. 'Deterioration of casing, local clogging of the ' 
water-bearing beds, interference of nearby wells, filling of 'the ' 
bore hole, leakage into the surrounding strata, these are some 
local causes which would tend to diminish the supply and lower 
the head. In some cases the field is really being overtaxed, at 
least that portion of it near the wells. Whether' the entire ar­
tesian field is being permanently overdrawn can not be told with­
'out intensive study of the relation between the supply and the 
demand. ~ , . ;, 

~; RECENT n~:VESTIG.A.':i'rON OF GROUND WATER 
~ , .;. 

when I was as'k~d to prepare this pap~; I enlisted the cooper'a.:. 
tion of the'United States Weather 'Bureau and the Weather and 
Crop Bur'eau 'of the Iowa Department of Airiculture in circular~ . 
izing crop reporters and well drillers to obtain recent data on· 
wells and ground~ water. Be~~ee1).. 650 anq 700 Iett~ts were sE:)nt 
out asking for information , about the ~o.cation Qf wells as to . 
county, to:wuship and sectiQu '; character, 'whether 'dug, bored, 
d'riven or ~rilled; whether in valley, hillside or upland; diodes of· ' 
making; depth; original and present depths to water and of 
water; and oWnets. rhe response· to thi,s inquiry was not very . . 
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• 
complete but some of the b~st and most dependabi~ of the recordH 
submitted are tabulated below, . 

These records bear out the statements of the drillers to the 
effect that shallow wells respond quickly to seasons of drought 

· or heavy, rains but that deep wells are not so affected. Had ,this 
study been made before the rains of 1926 and 1927. undoubtedly 
many shallow wells would have ' shown a fall in water level in­
stead of standing equal to the level of early years or rising above 
that level. Perhaps, also the high level maintained by shallow 
well's in some localities is due to especially favoring geologic or 
topographic conditions, as for instance brQad'l~yel plaj,ns under­
lain by fairly inlpervious clay or rock, which would tend to retain 
th<;l ground water. Where a lowering of water level in wells is 
noticed It is variously attributed to tile and ditch drainage, in so . . 
far as shallow changes are concerned, to greater demands from a 
vastly increased amount. of stoek, to local causes such as clogging 
o~ the aq'Q.ifer, overdrafts on individual wells or to the exhaus- , 
tion of sand or gravel beds which had supplied wells. 

Table II,. showilng ohanges in wells 
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County A ' A oS 00 P...., P.o ~., 

Bue~a Vista b u 1895 1,2 10 62 8 64 +2 
Butler b u ' 1880 16 10 6 14 2 -4 

d .u 1898 16 .10 6 . 14 2 -4 
Carroll drl ' u 170 ,J 40 55 -15 

drl u 130 40 50 -10 
drl u 110 .",' 35 42 -7 

Cass d v 1896 .29 10 19 15 14 -5 
drl u 1921 228 198 ~O 70 158 +128 

,: b h 1923 : 85 30 55 30 55 -
Chickasaw hydr ' 1897 , 63 . 12 51 20+ 43- -8 
Clay b u , 1897 49 30 19 15 34 +15 

b u 1895 70 ' 30 40 22 45 +8 
Clinton drl u · 1890 , 186 90 96 90 96 -

dry v 1914 17 . 15 2 15 2 -

; . 
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~able II,. show~'(I-g ohanges in wells (continu~d) 

County 

Dallas 
Decatur 
Dickinson 

drl u 
b u 
drl u 
drl u 
drl h 
drl ·. u 
drl u 

Hamilton dd 
Harrison 

Jasper drl 
Jackson drl 

drl 
Keokuk d 
Kossuth dd 

L9uisa drl 
Lyon b 

b 
b 

Mahaska d . 
Marshall drl ' 

dd 
Montgomery d 
O'Brien b, • 
Plymouth drl 
P~ttawattamie b 
Shelby dd 
Sioux . drl . 

b 
Van Buren d 
Warren d 
Webster drl 

u 

u 
h 

u · 

v 
v 
u 

u 
u 
v 
u 
u 
h 

u 
h 
u 
u 

1908 
1892 

. 1926 
1925 
1923 
1922 
1896 
1923 
1895 
1890 
1909 
1895 . 
1880 
1890 
1911 
1890--
1927 
1914 
1920 . 
1924 

133 
' 46 
484 
127 
440 
302 
160 

80 
20 
18 

107 
125 . 
220 

50 
100 

100 
90 
30 . 

210 

60 
31 

270 
111 
23t) 
144 
97 
80 
10 · 
8 

. 67 
90 . 
80 
33 
45 
60--
80 
20 
10 
54 

1853 4.5 29 
1912 ' 280 '. 100 
1913" . 2100 300 
1894 
1905 
1897 
1923 
1922 

. 1895 
1917 
1860 
1880 
1906 

20 
20 

160 
26 

270 
140 
34 
30 
28 
85 

10 
12 

100 
20 

200 
110 
14 
15 ' 
25 
26 

73 80 
15 ' 25 

214 270 
16 111 

204 236 
158 144 
63 100 

Flow 
10 
10 
40 
40 

120 . 
17 
55 
20-
40 
70 
20 

. 156 
16 

180 
1800' 

10 
8 

60 
6 

70 
· 30 

20 
15 

3 ' 
59 

12 
8 

67 
90 

150 
33 
45 

Same 
30 
10 
30 
29 

120 
115 

'1/1 
6 

100 
20 

200 
110 

8. 
15 
12 
26 

53 
21 

214 
13 

204 
158 
60 

Flow 
8 

10 
40 
40 
70 
17 
55 

Same 
60 
20· 

1.80 . 
;16 
160 . 

.1985' 
4 

14 
60 

6 
70 
30 
26 

. 15 
16 
59 

-20 
+6 

-3 

-2 
-2 

-50 

-io' 

. '-20 
+185 

.-'-6 
+6 

= . 

. =13 

. Comments.-The following comments, gleaned from the -re­
ports of crop reporters' and well drill~rs over the state, . are, per­
naps, more 'illuminating than the records of wells as they reveal · 

r 
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widespread conditions and general impressions gained through 
years of experience. 

Adaw C01JlTl,ty, Orient-Water level rose during April, 1927. Will be normal soon. 
Bremer, Janesville:--Water level 75 to 100 feet deep. Buohanan, Independence­
Depth of wells previous to 25 years ago ranged from 20 to 25 feet. Wells stone 
walled but of no use now. Drilled wells 75 to 240 ...feet deep, water level constant. 
Buena Vista, :Marathon-Bored wells going dry; have to drill to get water; never less 
than 140 feet, some as deep as 520 feet . Butler, Allison-Many wells drilled deeper. 
Springs :flowing as for 'past 50 years. Carroll, Breda-Surface wells last only in low 
lands. Cass, Atlantic-Some shallow wells 25 feet deep. Chiokasaw, Ionia-Head of 
some wells 'put down, 30 years ·ago has lowered very materially . . Shallow wells have 
changed most. Clarke, Murray-There are no springs as there use,d to be. Clay, . 
Spencer-Shallow wells mostly dry before rainy season. Water in deep wells varied 
but little. ClaytlYn, Farmersburg-Formerly used dug wells, up to 90 feet deep; 
now are drilled, 150 to 400 feet. Ravines dried out. ClintlYn, Grand Mound-Water 
40 to 50 feet down. Calamus~driven wells not good, in dry season. Drilled wells 
unvarying. Crawford, Denison-Water in wells fell 12 feet in 50 years. Dallas, ' 
Adel-Draining land causes wells to go dry if they are not over 15 to 35 feet deep. 
Best 'dug wells range from 50 to 100 feet, not affected by dry or wet weather. 
Waukee-Water in drilled wells lowered 20 feet in 20 years . . Bored wells 38 to 50 
feet deep. Water at about level of tile drains (1927); rarely gets ' lower than 25 
feet . Deoatur-Many ponds and springs dry and wells· low previous to rains of 1926. 
Now up to normal. Delaware, Manchester-Most well~ 75 to 100 feet deep, in rock, 
'water within 50 feet of top. Some drive points 20 to 30 feet, plenty water. Des 
Moines, Danville-Haven't heard of a well going dry for 10 years. Wells nearly all 
bored, 25 to 75 feet deep. Dwkinson, Milford-Rains in fall of 1926 helped shallow I 

dug and bored wells greatly. Can't notice any change in water level of deep wells. 
Bored wells not satisfactory in dry years. Gr1vndy, Grundy Center-Very few dug 
wells dependable, all wells drilled, average depth to water 125 to 150 feet . Gu,thri.e, . 
Herndon-Many shallow wells, 16 to 30 feet, but not dependable. Stock wells about . 
125 feet deep. Hamilton, Roland~Water level lowered at least 10 feet in 38 years. 
Hanoock, Crystal Lak~Water level in drilled wells 150 to 200 feet down. Harrison, 
Modale-Drainage canals have lowered water level on Missouri bottoms. Missouri 
Valley~In 1900 water reached at 80 feet OIl high ground, now at 100 feet. Moor· ' 
head-Surface water gradually going deeper, dug wells going dry. Howard, Cresco­
Wells 250 feet deep, plenty water. Jackson, Miles-'-In early ·day got wells in ' dirt. 
Then had to drill short way into limestone. From 1880 to 1895 nearly all wells. had . 
to be made deeper. Jasper, Sully-Very little change in 18 years. Seasons do not . 
seem to affect d,rilled wells but dug and: bored wells :fluctuate very mqch. Iowa, Con- : 
roy-Wells 150 to 500 feet, deepest in limestone. Jones, Martene-Wells 80 to 160 
feet, average 100. Center Junction-Wells 80 to 300 feet deep. Kossuth, Lu Venle- ' 
Rain or drought has no affect on drilled wells. Algona-Bored wells playing out. 
A few springs have stopped running. Head of drilled wells has not changed. LouMa, . 
Wapello-Every farm has drilled well. Lyon, Inwood-Deep wells not affected by . 
drought. Tile drains not running so much as a few years previously (before fall 
rains of 1926) . Rock Rapids-Wells all drilled, 250 to 350 feet, water not very good . . 
AlOng ~ock . river wells 15 to 25 feet, plenty of good water. Mahaska, Cedar-Wells 
go to gravel bed 25 to 60 feet deep and do not vary. Marshall-Water level lowered 
10 feet in 38 years.· Mills, Henderson-Water reached on high hills at 50 feet in ' 
1917, at 75. feet in 1926. Drilled . wells up .to 225 feet deep. Monona, Soldier­
Water reached in dug wells at 70 feet. Sloan-Wells on Missouri bottoms all drive 
pipes, 20 to 30 feet deep. Monroe-Deep wells and shafts show as much water as 37 ', 
years ago. Montgomery-No ponds now, wells have to go deeper. Red Oak-Water , 
reacp,ed on high gro1l,nd .8:t 60 feet in 1915; at 75 feet in 1926; on lower ground 25 
to 40 feet. 'Wells mostly bored or drilled, a: few dug. O'Brien, .Paullina-Water 
plentiful at 25 to 50 feet. Sheldon-Water level raised last · t~ree · months (spring, . 
19~7). , Page, .-,villisca--:Water abundant in bottom . lands ; . irregular 'in hills, man,. : 
sand beds dry. , Wells have to go deeper now. Plymlmth, Ireton-Deep wells not 
affected by wet or dry 'seasons, surface water is opposite. Pooahontas, Pomeroy­
House wells on hills about 20 feet to water, on low ground about five feet. Polk, 
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Elkhart-no. IQwering Qf gro.und water level seen in 30 years. Pottawattamie, Oak· 
land-Has bQred 4000 wells in Po.ttawattamie, Gass, Shelby, Mo.ntgo.mery, Mills; 35 
years ago. water plentiful anywhere, to.day Qn side hills is a thing o.f the past, plenty 
Qn wide uplands, Qver 100 feet deep at breaks; plenty water at 250 to. 350 feet Qn 
hills. As much water at 40 feet in va1leys as 25 years ago., surface water at 10 feet 
85 per cent go.ne as co.mpared with 15 years ago.. PQnds and springs decreased 50 
per cent in five years. Hanco.ck-Since Nishnabotna river was dredged water level 
IQwered '15 Qr 20 feet in wells as far back as two. miles frQm the stream. PQnds and 
surface mQisture disappearing a little each year. UnderwQo.'Cl-ID. 1895 water reached 
at 50 feet o.n high gro.und, nQwat 70 feet. Rilnggold, MQunt Ayr-Wells 7 feet o.n 
flats to. 90 feet Qn upland. One well 40 feet deep in use 40 years, stronger than ever. 
BentQn-Water seems to. be same depth as 30 years ago.. Shallo.w water at 10 to. 50 
feet, deeper vein discQvered at 100 to. 175 feet. Scott, Le Claire-Every farm has 
drilled well, sunk ten o.r mo.re years ago., 140 to. 300 feet deep, flo.w in ro.ck, rises 
within 90 o.r 100 feet o.f surface. Sioua;-=-Mo.re drilled wells made every year, get 
plenty water, but it is harder. In 192U, very few shallQw wells held Qut but dQes nQt 
knQw o.f a drilled well that gave o.ut. Eagle Tp.-Drilled wells 75 to 275 feet, 
average 175, nQt affected by drQught. BQyden-Water level almo.st as high as ever 
has been~ Story, Roland-Depth o.f pumping wells in nQrth half is 75 to. 300 feet. 
Taylor, LenQx-Water in same clay no.w as be~o.re-on high level land 30 to. 40 feet 
deep, just abo.ve a hard clay. Van Buren, BentQnspo.rt-Plenty Qf gQQd wells and 
springs. . Sees no. difference in water level since he was a bQy. Warren, Indiano.la­
Surface water lowered a go.Qd deal in 25 years. T{)p water just abQve blue clay, 
bQtto.m water (fQr bQred wells) belQw blue clay. Washingto'7Ir--Gan see no. change in 
amQunt Qf water. Webster, Clare-Wells drill~d, 300 to. 400 feet. Wright, Belmo.nd­
Water has IQwered 3 to. 5 feet, but no. drilled well prQperly made ever go.es dry. 
BQred Qr dug wells getting very scarce. Water generally fQund Qn to.p o.f limesto.ne. 
Eagle GrQve-Used to. get flQwing wells at 50 feet, now at 125 to. 150 feet. Where 
flo.ws are no.t Qbtained water rises within 20 to 30 feet Qf surface. Do.ws~Still a 
few bo.red . wells but mo.stly drilled. SQme flo.wing wells 35 to. 80 feet, get weak in 
dry weather. A few drilled wells o.ver 200 feet, water generally 35 to. 45 feet belQw 
curb. In last 2 o.r 3 years water is 5 to. 8 feet IQwer. ' 

, It is only fair to the crop reporters and well drillers to say , 
that their replies furnished a great deal of valuable information 
concerning wells and ground water conditions even though as in 
some cases they did not include the comparative data which were 
especially desired for this inquiry. Common knowledge ,of early 
water conditions in Iowa coupled with the table . and comments 
given above will enable anyone to draw conclqsions as to changes 
in underground water supply. . 

USES OF RAINFALL AND GROUND WATER 

If the ground water supply has been depleted, by exhaustion 
or by nonreplenishment, it may be ,worth while to consider the 
causes of that depletion, such as consumption by a greatly in­
creased pOpUll~.tion, interception by ~n enlarged plant cover, tile 
and open drainage, methods of cultivation and other changes 
inci9,ent to present day civilization. 

Consumption of water by human beings, other, animals and 
machinery may be estimated thu's: 

, 
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Table III, Daily COMumption' of Wa.ter 
. j 

CIiASS .' ' No. IN IOWA ·. 
EST. DAILY CONS. 
PER UNtT, GAL. * 

EST. TOTAL DAlLY 
I CONSUMPT., GAL • 

Human 
Horses 
Cattle 
Hogs·. 
Sheep ' , 
Poultry 

. 2',420,000 
1,164,800 
4,122,000 

. 8,330,000 
696,000 

28,840,000 
" 1 

100 
10 
12 

. 2 
2 
0.5 

Estimated daily 

" 

" 
consumption 

242,000,000 
1],640,000 
49,500,000· 
16,660,000 

1,290,000 
14,420,000 

335,510,000 

; , ". ;Estimated annual consumption 122,462,000,000 
1,000,000 gallons equals 3.07 l!-cre-feet (3.07 acr~s one foot deep) . 
Estimated annual consumption equals ·375,960 acre:feet, or 4,511,520 acre-inches 
Acres land in Iowa, 35,5.75,040 . . 
Depth of. water . (lonsumed in Iowa (acres-inches divided by area) equals 0.13 inch , 

Much of the water' ~s'ed in hUman affairs . goes right hack to' : 
the .streams. · It would be difficult to meaSUre accurately thl'l 
amo~nt us~d, but the 'Des 'Moines water~orks pumps about 80 · 
gallons . per capita pel;' day .arid mlich is pumped besides for in-:- '. 
dustrial purposes. Th~re are about 1840 locomotives ,in Iowa 
and these wiil use about 4000 gallons per hour for. at least fOUl; . 
hour.s <laxly. There seem to be no statistics .available giving' tl~~ . , 
number of steam industrial plants. However, the arbitrary , 
figure of 100 gallons per 'day is probably' sufficiently aCCltrate to ' 
cover the' entire populati~n. It .is evident in any case, from the . 
data' given, inat' consuinptioIi by animals' 'and man is practically' , 
negligible. "What of the 'amount received !and transpired by 
plantsJk ' 'I; (. ',' . 

. U~~ by.·~la'n~~ .;0i~ach r~in£al1 a small ~;a(#o~ (1) is i~ter~.(: 
c~P.t(?,~ l;>y(vegetation an.4 Fap'oratedback to the air. withou~ ev~r : 
reaching the ground, a much larger fractio~ (2) , reac:Q.es the .. 

... ground and runs off to the rills and streams and ultimately back ' 
to the ocean a.nd the remainder enters ·. the soil. . Thence a part 
(~).is ,e:y.ap,?:t;~te~" ~n<?t4er pa!t. (4) ~~ . abso.rbed by plants and is , 
t~~sJ>ite.~ . ~ro~' ~hei~ leave~, 'a, third ~art ,( 5): , ~~ 'r~~ained in th.~ I 

soil a d subSOIl .by molecular attractIon as. soil water and the 
ri:;uuiinde; ''(.6) .sinks do~nw~rd .to join the gro~d ·water. It is ) 

I .~., ~ , . I • ,,(" If' • ",: • • •• •• • • t .. • ". • ". • '1 ) 

t~i~ )ts.t \ Jil)t~r wh~c? ,~u~~ maintain .t~e-mor~ or less-steady \ 
flow 'of"the streab:is] must sust::i:in :w~lls and o~her ~oi.rrces ,.of i 
~u.~a~. ,a.~~ ?t~~~ .an4n,al ,' ;r.ate:r: .. ~uppl.ies an~ must, iIi inte~va.ls 

• Adapted from Howell Drillers News, vol. V~I, no. 11, Nov .. , 1928, .p. 2·: . gow .Muc!:, ;Yy~tm [ 
per Day? Cows giving milk will drink 20 to 30 gallons per day. " . 



TRANSPIRATION OF WATER BY PLANTS '393 

,between rainy periods, furnish moisture to the soils apove­
wherever .capillarity can bridge the gap--and so assist veg'eta- , 
iion to .endure the drought that might otherwise be fatal. Now 
what portion of the annual rainfall of Iowa, which averages near­
ly 32 inches, can' be assigned to each of these divisions? 
', 1 . Raphael Zon, in his e:xc'ellent memoir, Forests 'and Water 
in the Light of ,Scientific Investigation/ which is to be ' much 
quoted in the' discussion that follows, cites European workers· as 
finding ' that broadleaf forests intercept and Teturn directly to 
the atmosphere 13 to 8.48 per 'cent of the precipitation (pp. 25, 
'26). Figures for this return in nonforested areas 'are not at 
hand, but from data on transpiration it would seem that crop 
and grass lands would intercept nearly 'as much of the rainfall 
as would forests. 
. 2'. "In the Mississippi basin one-quarter of the total rainfall 
forms the run-off." 5 '''The rlln~off of most Iowa streams is close 
to one-fifth 'of the rainfall."6 Of course these fractions include 
some water supplied from the ground water, so that the ,fraction 
contributed by surface water woUld be less than these ' figures. 

3. , Zon states '(po 27) that evaporation from soil in a beech 
forest with leaf litter is 6 per '·cent of the precipitation, without 
leaf littet 15 per cent. The evaporation from soil in an open 
field with some vegetation is said to be not over one-third of the 
ptecipitation. From bare soil the evaporation is about 50 pet 
cent of the precipitation. " ' 
, 4. It is corrimon knowledge that 'plants evaporate, 0 '1' trans­
pire, a great amount of water into the air. 'Zon says"Cp. 3): "For 
every pound of dry substance produced it has been found that 
corn evaporates 233 pounds of water and turnips 910 pounds. 
Under good cultivation an acre may' produce about 7 tons of dry 
substance. If the evaporation 'of water be only five hund~ed 
times mOre 'than the amount of dry substance produced, then an 
acre will evaporate during the vegetative period about ,3500 tons 
of water:" This figure ' seems' rather high for ordinary Iowa 
cultivation, but other figures g-iven perhaps approach nearer the 
normal. Speaking of forests Zon. gives figures for transpiration 

, * u. S. Dept.' A~i., 'Re~rint, 1927. 
5 Pi"sson and Sehuohert" Geology, pt. I; p. 32, 2d Ed. ' 
6 Nagler, Floyd, State Uni~ersity of Iowa, Personal letter. , r 
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as 567 to. 1,019 PQunds Qf water per pound of dried leav~s Qf biJ;ch 
and ash, 436 to. 914 PQunds fQr beeches and maples, 253 to. 692 
PQunds fQr Qaks. Stating the case in anQther way he says: 
" ,Hohnel estimates that a fully s~Qcked beech stand, 115 Y!3ars 
Qid, CQnsumes frQm 1,560· to. 2,140 tons Qf water per acre, Qr 1.15 
acre feet per year ............. He fQund that elm transpired 431j2 per 
centof the precipitatiQn Qf 1880, beech 25 per .cent and birch 40 
per ce,nt" (p. 29) . 

. CQnsidering crQP land, DQctQr BaIllie tells me7 that" a grQW­
ing crQP Qf CQrn uses in Qur climate abQut one-thir.d Qf the annual 
rainfall;" also. that" the amQunt Qf water given off by an acre Qf 
wheat ~ay be as much as 900 tQns." This amQunts to. 0.662 acre­
fQQt, an acre-fQQt being aI). acre cQvered a fOQt deep. Wheat uses 
a little mQre water than Qats, as it prQduces mQre dry materiaP 
" A square fQQt Qf IQng pasture grass' gives Qff nearly 4 2/5 pints 
Qr as much as 106 tons Qf water to. the acre" in 24 hQurs. "A 
square fQQt Qf turf will yield mQre than 11/ 5 pints Qf water ill 
24 hQur~," Qr 27.25 tQns per .acre. . 

5. The- amQunt Qf water that is retained in the SQil, bQth that. 
which is .available fQr plant use and that which can nQt be so. 
withdrawn, depends Qn, the SQil texture and cQmpQsitiQn and so. 
ranges within wide limits. The subject is elabQrately treated by 
Meinzer9 who. states (p. 62) that King determined that "the 
water CQntent in materials abQve the water table ranges .frQm 
abQut 4 per cent Qf the dry weight fQr CQarse mixed sands to. 32 
per cent fQr clays Qf finer texture . . This range is equivalent to 
abQut 6 to. 37 per cent by vQlume." Some Qf . this water is so. 
firmly held that pla~lts and even evapQratiQn can nQt remQve it 
frQm the SQil. ' 

6. The grQund water is the chief ultimate supply fQr streams 
and undergrQund aquifers. At the time Qf settlement Qf this 
state, we are tQld, the water table, the upper level Qf grQund 
water, w~s nQt far belQW the surface and CQuld easily be reached 
by shallQW hQles. N QW in mQst places it lies rather far belQw the 
surface and deep drilling is necessary to. reach it. It must be re-

7 A: L. Bakke, Iowa State College, Personal letters. 
8 Bakke. A. L., and Plagge, R . Roo The Extent to Which Weeds· Modify the Transpiration of 

Cereals: Res. Bull. No. 96, 1. S. C .. June, 1926. . . 
9 Meinzer, O. E., The Occurrence of Ground Water in the United States~ U. S. Geol. Survey, 

W. S. 489. . . 
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membered, of course, that a drilled hole, on account of its small 
size, can not receive so much water as a larg'er dug hole and there­
fore would need to be sunk to a greater dept~ to obtain the same 
amount of water. However, the verdict seems to be fairly gen-

. eral that the water level has actually lowered, but, as to the rea­
sons there is diversified opinion and rather bitter argument. The 
tables given seem to indicate that what lowering has occurred 
can not be charged to increased use by either animals or plants 
or to increased evaporation and so must be due to some cause or 
causes that prevent replenishment. These would seem to be 
various factors attendant on hUman use of the land. Such would 
be destruction of the prairie sod and its replacement by crops, 
some of which at least would consume more soil water, while 
furnishing the. soil less protection from erosion and evaporation; 
clearing of forest lands, some of which have since suffered from 
erosion; artificial drainage and straightening of streams; and 
methods of cultivation which are not adapted for avoiding soil 
erosion or for holding the rainfall until it can sink into the 
ground. 

Numbers 1, 2, 3 .and 4 may be tabulated as follows, on the basis 
of figures given by the authorities already cited. Zon's figures 
are based on a rainfall ' of 31.5 inches, practically the same as 
Iowa's rainfall. 

Table IV, Total Amount of Water !,ost to Streams and Soil 

. TOTAL 
INTERCEPTED EvAP. TRANS- LOSS 01' 

CLASS BY VEGETA- pltOM PIRED BY TOTAL ANN. RAIN-
TION SOIL LEAVES LOSS FALL 

Inches Inches Inches Inches Per cent 
Beech forest 

with litter (1) 6.7 1.9 10.8 19.4 61.5 
Beech fo est, 

no litter (1) 4.7 4.7 10.8 20.2 64.1 
Potato field (1) 13.5 42.9 
Grain field (1) 25.3 80.3 
Field crops 

in general (1) 19.4 61.6 
Corn (2) 10.5 

.Wheat (2) 8 . 

. ~ong grass (120 da.) (2) 111.6 
Turf (120 da.) (2) 28.6 
Runoff (3) 7 22 

(1) From Zon, p. 30, (2) from Bakke, (3) from Nagler. See also page 400. 
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It seems probable that mterception and evaporation from field 
crops artd grasses and e.vaporation from soils qn which these 
were growing would be in some degree comparable with those 
from the forests. ,If this ' is true the tota:l loss to the larid would 
equal these items plus transpiration plus runoff, or approximate-' 
ly 27 inches, leaving about five inches for soil water and ground 
water. ' Nagler says that 'evaporation and transpiration account 
for 24 inches, but this leaves practically none to stay in the 
ground. ' 

Changes in ~ranspiration:-It is an interest'ing, speculation as 
to whether evaporation and transpiration have changed mater­
ially in Iowa since settlement waEi an established fact. Accord­
ing to the I~wa Census 'of 1865 there were 23,310 acres of orchard 
and 26,285 acres of planted forest. Native forest probably cov­
ered 2,400,000 acres, as the, 1875 census recorded 2,3~1,659 acres 
of n.ati~e t~1;>er. and certainly extensIve clearing had been done 
during the decade.10 This gives a total tree-covered area of 
2,450,000 acres. The census of 1925 gives the acreage of timber 
as 2,132,461 and the Iowa Weather and Crop Service estimates 
the acreage of orchards in 1928 as 75,000, givjng a total acreage 
of about 2,207,500. ,Sp it seems that forest transpiration has 
been eliminated over 242,500 acres. Eastern and southern Iowa 
is said by early residents to have beeri covered with high lush 
grasses while n01,'thwestern Iowa bore shorter'prairie grass. .Ac­
cording to· the figures given in table IV these grasses must have 
tr,anspired enormous amounts , of moistur,e, especially as they 
were active from early spring until autumn. Again, then, it 
would 'seem that transpiration from' the primeval prairie would 
'have been greater than from our present day crol> and pasture 
lands . 

. The foregoing paragraphs are not intended as a complete dis­
cussion of the subject but rather are hoped to give a reasonably 
accurate summary of the ultimate disposition of our annualr'ain­
fall: ,There ' are many important questions asking for a solution 
which can come only with time and experieNce. For exampie: 
If the water level gets below the capillary reach of crops will 

- · 1.0 F()l" a map showing original forest area 'of Io\va see The Prairies, by 'B, Shimek, Bull. Lab. 
Nat, Rist. S, U. I., vol. VI, no. 1, 1911. 

, , 
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summer rainfall be sufficient indefinitely to keep up growth of 
crops and ' other shallow rooted vegetation that can not reach 
ground water but must depend on vadose water-the moisture 
in the soil and upper subsoil ¥ Will the zone 'between the capH­
lary fringe aoove the ground water and the overlying vadose 
water become dry or so nearly so that plants can get no moisture 
from it ¥ In such a case how shall we get the utmost benefit 
from the ground water resources ¥ 

CONCLUSIONS 

I believe that we are justified by the evidence at hand in draw­
ing these conclusions: With regard to the shallow types of 
wells, dug or bored especially, in general these have become 
scarcer with the passing years because the supplies of water 
within their reach have gradually been depleted, partly by in­
creased consumption by animals, by increased transpiration by 
cultivated crops, by open and closed drains,\ and partly by in­
creased runoff of rainfall from cultivated areas. Howeyer, some 
parts of the state do not seem to have suffered from this lower,­
ing, perhaps becaiIse conditions are not so favorable for natural 
drainage and so the soil water is retained to a greater extent. 
Driven wells stili find plentiful supplies because they are made 
as a rule in valleys with gravel strewn floors, which are less af-
fected by changing conditions than are upland areas. . 

As,to drilled wells, those of moderate depth as used on farms 
or. smaller municipalities have gradually been deepened into the 
lower strata of the drift-many drillers speak of top water in 
yellow clay .and lower water in blue clay, with another horizon in 
sand at the base of the drift. In parts of the state having thin­
ner drift drilled wells now enter the stratified rocks, some for a 
few feet, many for a greater distance. Most wells of this class 
range in <jepth between 100 and 200 feet, although some are as 
deep as 400. and 500 feet. Since these wells draw their supplies 
from the general body of ground water rather than from the shal­
lower soil water fed by receI)tly fallen rains, their gradual deep-

. ening in the wake of the constant lowering of head seems to point 
:r:ather conclusively toward a real lessening of the amount of 
water in the ground, owing to both increased demand and de-
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creased supply. In some localities this lowering of head amounts 
to 20 feet or more during the present. century, aecordJ.4g to the 

. reports of several drillers, and the total lowering from the time 
of settlement must be much more than this amount .. However, 
other drillers state that they see little or no difference in ground 
water conditions while . they have been drilling and of course 
those local factors which affect shallow wells would have some, 
. though less, influence on wells of this type. . Again, while shallow 
wells fluctuate with the' seaSOns and respond qUickly to periodic 
variations' in rainfall, deeper wells show much less change from . 
season to season and year to year. . 

Finally, as to the deep artes~an wells which .seek out the great 
aquifers' of the stratified rock series, the evidence so far obtain- . 
able seems to be far from conclusive or even consistent. Some 
of these wells have suffered diinini§lhed yields and lowered heads, 
some of them headed lower from. the start than did earlier wells 
in the same region. But some have higher heads than would be 
expected from the known factors and a few report higher heads 

. or greater yields than formerly. Unfortunately for purposes of 
study these wells are not spaced closely enough for us to say 
definitely whether or not the general level or the amount of water 
has receded or remained the same, or, in other words, whether 
such changes as have occurred are due to local or to widespread 
causes . . Of course, the deeper a well is the greater is the 'avail­
able radius from 'which it may draw its supply and the greater 
its chance of surviving drought or draft. Therefore, these deep 
wells as a class will always have a large assurance of perman­
ence even in the face of the unfavorable factors. 

Addendurn--Since the above was written the writer has had 
access to Dr. Meinzer's Plants as Indicators of Ground Water 
(Water Supply Paper 577) and a mimeographed report by Mr. 
W. N. White on work in the Escalante V ~ey of Utah on "the dis­
charge method of estimating ground-water supplies. Meinzer 
(p. 87) cites the. studies of other workers, as G.E.P. Smith 
(Trans. Am. Soc . . Civ. Eng., vol. 78, pp. 226-230, 1915) showing 
that the ratio of transpiration to evaporation seems to be inde­
pendent of such factors as light, temperature and humidity; also 
that, climatic factors being equal, transpiration depends on the 
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ease of obtainmg supplies from the ground water and tho char­
acter of the -vegetation. He states that alfalfa has been found to 
use'S31 tons, or 0'.637 acre .foot, of water for each ton of dry plant 

. produced. In line with data given above in table IV/-Smith states 
that ' alfaIfa g:nown in, Wisconsin transpired 41 inches of water 

. and that evaporation from the soil amounted to 10' inches addi­
.tionaL Transpiration and evaporation from soil in a ~lover field 
amounted 'to 22.3 inches during the growing season. 
~ . . White 's w~rk' indicated that ben~ath an affalffL "tield the daily 
draw down qf the water table averaged 11~ inches and that while 
there was some recoverY 'during the night it did not quite equal 
the diurrialloss. The daily draw down under sedges and marsh 

_ grasses reached as high as 414 inches. The depths of (added) 
water reqUired to raise the water table one inch range~ in differ-' . 
ent 'soils from 0.0'24 to 0'.0'9 inch. This gives an indicatic)ll of the 
effect of rainfall on the water table. ' 
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Town 

Ackl~y ; 

" Ad~ir; 

Adel. , 

Afton 
Ainsworth 
Akron 
Albert City 
Albia. 
Alden 

Alexander 
Algona .;. 

Allison 

Alta 

AJ.ta Vista 
~lton 

Alvord 

MUNICIPAL WATER SUPPLIES OF IOWA CITIES AND TOWNS* 

Source Diameter Depth, feet 

3 wells 12 in., 127 
10 in. 1M 
13-9 in. 263 

well 20 ·ft. 30 
' 12 wells 3 . ft. 30-60 
well 8 ft. 
Raccoon Ii. water is filtered 

28 

well 12 ft. 35 
well . 6 in. 180 
2 wells . 36 in. 43 
well 12 in. 182 
Surface reservoir, cap. 300,000,000 gal. 
well 8 in .. 305 

well 8 in. 117 
. 3 wells 12 in . - 1000 

6 in. 
12 in. + 1885 

well 6 in. 250 + 
2 wells 8 ft. 72 

12-4 in. 1465 
well 10 in. 144 
2 wells 14 ft. 34 

10 ft. 34 
6 wells 6 in. (1) 39 

2 in. (5) 37 

Head, feet 

Ample 
Ample 
100 g.p.m. 

Supply 

'Ample ·in wet ~easons 
Used in dry weather 
3, 3 in: strainers extend into sand (reserve) 

Amp1e. Low ground 
Ample 
·Ample. Into gravel, 75 ft. apart 

-30 Unfailing ' ' 
Sufficient' an. seasons 

-100 

-320 

Overflows when not in use. Pump lowers head 
25 ft. Tests 100 g.p.m. On river bank 

Ample 
-100 g.p.m. 

. 100 g.p.m. 
200 g.p.m. 
Not affected by' p¢nping 40 gal.p.m. 

16 hr. per da. for 31 da. 
' 46 g.p.In. . 
100 g.p.m. 
Ample and reliable 
On bank Floyd R. In dry weather pump ,emp­
~ ties wells . in 2 hrs., refill in 5 hours 

Ample 

• This table was prepared from the pamphlets published by the Iowa Insurance Service Bureau, which give .data regarding the water supplies 
and fire protection of all Iowa cities and towns. The Geological Survey is indebted to the manager of the Service Bureau, Mr. K. L . Walling, for 

-permission to use the information in the files of the Bureau and to the enginee"s, Messrs. Corcoran and Stokes, for their help in bringing the data 
in the table down to date. . - . 
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Town 

Ame~ 

Anamosa 
Anita 
Ankeny ­
Anthon 

Alpington 
A!cadia 
Arion 
Arlington 

Arinstrong 
Arnolds Park --
Arthur 

Ashton 
Atlantic" 

Auburn 

Audubon 
Aureli~ 
Avoca 
Ayrs~re 
Bagley 
Baldwin 
Bancroft 

MUNICIPAL WATER SUPPLIES OF IOWA-CITIES AND TOWNS (Continued) 

3 wells 
1 well 
1 well . 
well 
well . 

well 
1 well 
1 well 
well 
well 
well 
2 wells 
1 well 
2 wells 

Source-

Lake Okoboji 
2 welJs 

well 
7 wells 

well 

well-
2-wells 
5-3 in. sand points 
well 
well 
well 
1 well 
1 well 

Diameter 

12 in. 
16 in. 
large 
10 in. 
20 ft. 

8 in. 

10 In. 
8 in. 
6 ft. 
6 in. 
6 in. 
8-5lh in. 
6 in. 
6 in. pipe 

24; ft. 

14 ft. 
30 in. 
i2 in. 

10 in. 

12 in. 
8 in. 

l0-6in. 
6 in. 
8 in. 
6 in. 

10-8 in. 

Depth, feet - Head, feet 

105 
180 
100 + . 

1800 
30 

507 
136 
144 
134 
16 
56 

190 
823 
180 . 
31'0 ft. long 
20 

18 

-19 
-30 

curb 

68 overflows 
80-85 

180 
; , \ 1 

2492 -225 
210 & 216 
27 

871 
70 

167 -
500 
.600 

-116 
-15 

_ -16 

SUJlply 

Ample (4th wa~d) 
large, gravel-pack 

300,000· g.p.d., reliable 
Limited.- Low' ground -
20 g.p.m: without lowering 

200 g:p.m. No draw down 
Ample in all seasons _ 
67% of normal in dry weather 
Ample :in all seasons 
Ample _at all times 

Adequate 
.... ::----------_ ...... _,.--------.. -- .. ---:---- ---_ .. _---- :.:---- ,' 

May be pumped dry in 1 hr. {EnOUgh for 
40 min. _ 4 hrs. 

May be ·pumped dry in 35 min. . pumping 
Ample at all times 
Sufficient & reliable, gravel-pack, 7th in 1928, 

pump 150 g .p.m. from each 
Test 50 g.p.m. 4, 24 hr. da., not lowered 

Well ends in sand rock : 
Unfailing-pumped at 275 g .p.m. 
Ample at all times 
Ample at all times. Low ground 
Tested at about 120 g.p.m. No decrease 
Ample at all times 
Ample. Into lime·stone 
Ample, dimiJlishing 
135 g.p.m., drilled 1928 
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Battle Creek 
Baxter 
Bayard 
Bedford 
Belle Plaine 

Bellevue 

Belmond 
Bennett ' 

Bettendorf 

Blairstown 

Blanchard 

Bloomfield 
Bode 
Bonaparte 
Boone 

Boyden 

Brandon 
Br~da 

Brighton 

Bristow 
Britt 

12, 2 in. sand points driven into sand and gravel bed 
well S in. 503 
well 10-S in. 20S -30 

Supplies 30 g.p.m. 243 ft. in rock 
Ample at all times 

Reservoir, dam across 102 River, 70 ft. long, 6 ft. h!gh. No shortage 
3 wells Sin. 36 

dug well 

well 
2 wells 

2 wells 

well 

2 wells 

well 
weh 
well 
10 wells 
2 large dug wells 

well 

well 
well 
2 wells 

well 
well 

20 ft. 

Sin. 
S in: 
6 in. 

10 in. 
20-10 in. 
S in. 

8 ft. 
S ft. 
8 in. 
6 in. 

10 in. 

10 ft. 

6 in. 
10 in. 

5 ft. 

12 in. + 
6 in. 

10 in. 

30 

500 
198 
122 

1650 
2122 
110 

22 
22 

1817 
210 

shallow 
40 

20 

196 
350 

48 . 

1815 
170 
21S 

About river 
level 

:flows 
:flows 

-15 at rest 
-30 pumped 

Yield 450 g.p.m. (No. 4 yields 250 g .p .m. 
not uSed' acct. sand) 

In bank of Miss. R. 

Ample continuously 
Ample 
Ample 
40 g .p.m. ' Cap. 720 g.p.m. with pump 
200 g.p.m. Cap. 1,000 g.p.m. with pump 
Ample. Drilled 1919 

S in. sand point 25 feet lower ' { supply pump 2 hrs., 
2 in. sand point 25 feet lower ' refilling in 4 hrs. 
-160 Ample 

slight 
during 
high water 

-ISO 

-90 

Ample and reliable 
Ample, fed by river 
Ample. On island in river, level changes with 

river level 

Fed by seepage and by 12 in. tile line 200 ft. 
, long. Limited in, dry weather. Ample in wet 

Ample 
Ample, 6 in. casing 
16,000 g.p.d., may be pumped dry in 3 hrs. ; 

supplied by seepage 

Ample, not affected by dry weather 
Filled with gravel 40 ft. Supply not affected 
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Town 
Brooklyn 

Buffalo Center 
Burlington 
Burt 
Calmar 

Cambridge 
Carlisle 
Carroll 

On. 

Carson 
Cascade 
Casey 
Castana' 

Cedar Falls 
Cedar Rapids 

Center .Junction 
Cenier Point 
Centerville 
Central City 
Chariton 
Charles City 
Oharlotte 

MUNICIP AL WATER SUPPLIES OF IOWA CITIES AND TOWNS (Continued) 
Source Diameter Depth, feet Head, feet 

4 wells 8 in. 31-39 

,2 old wells 6 in. 580 
8 in. 2iO 

well ' 5 in. '198 
Miss. R. 
well 8 in. 5J.-8 -24 
2 deep wells -50 

", 
2 wells 4&6in. 70 
1 well 10-8 in. .700 
4 wells 1-8, 3-12 in. 125-140 

32 sand points 20 
large dug well, walled, fed by springs 

, 3 wells 10-20 ft. 20-35 
2 wells 6 in. 75 

'3 'wells -8 in. -125 -11 
Cedar R. direct into 
2 wells 32 ft. 26, on islaud 
2 wells 10 in. 1515 
deep well ' 
26, 2' in, and 2, 4 in. sand points, 30 ft. long 
Storage reservoir, 417,000,000 gal. 
2 wells 6 in. 100 
Res!lrvoir 100 acres, 300,OOO,oqo gal., 3 ;mi. E . of Bu~ section 
3 wells 
well 8 in. 185 

"Supply 
1st well tested 30 g.p.m. for 2 mo., then 50 

g.p.m for a da., supply not affected. Other 
wells can supply 20 g .p.m. Level lowered 
to '-20 ft. while pumping 

Used only in ~mergencies 

Ample at -all times 

18 hr. test did not affect flow, 95 g.p.m. " " 
75,000 &,120,000 g.p.d. each. Not affected by 

dry weather 
Ample, est. 300,000 g.p.d. Drilled 
35 g.p,m .. 
3 welli supply demand, no seasonal decrease. 

1 supplies 75 g.p.m. 
In creek valley. Ample 
Ample 
Enough for 5 hrs. pumping during entire year 
Enough for 48 hI's. pumping. Not affected by 

dry weather 
Sufficient. In limestone 

Ample 
Reliable at all times 

Ample at all seasons " 
StOl:age ample 

Ampl~, tested 24 hI'S., no sign of failure. Cap. 
300,000 g.p.d. Pump cap. 288,000 g.p.d. 
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Charter Oak 

Chelsea : 
Cherokee 

Chester , 

Churdan 
Clare 
Clarence 
Clarinda ' 
Clarion 

Clarksville 
Clear Lake 
Clermont 
Clinton 

Clutier 
Coggan 

Coin 
Colfax 

" 
Collins ' 

Colo 

well 29 ft: 45 

2,6 in. sand points 6 ft. long, 36 ft. below surface. 
2 wells ,$' & 10 in. 210 ":'70 while 

pumping 
well 

2 wells 
well 
2 wells 

6 in. 

4 & 0 in. 
8 in. 
6 in. 

Nishnabotna R. 2, 12 in. intake pipes 

250 

160 
100 
122 & 164 

In sand & gravel, 300 ft. from creek. Prob-
ably no shortage 

Ample at all seasons. Wells 100 ft. apart 
tOo g.p.m. 

Test of 2 'da. (pump cap. 58,000 g.p.d.) did 
not lower wate~ 

Ample 
Ample 
Ample for pumps 

1 well 10 in. 250 :flows 1,000,000 ,g.p.d. 
1 well 38 in. 160 1,000--1,200 g.p.m., 40 ft. draw down, gravel-

(16 in. casing) pack 
2 wells 6 in. 70 Ample at all times 
Clear Lake, I, 12 in. suction line 800 ft. into lake, 1, 8 in. line 160 ft. into lake 
2 wells ' 8 in. - 216, 218 Ample. In limestone , 
5 wells 2 each : " Flow' 2,225,000 g.p.d. Test on No.6 under 

6, 8, 10 in. 11,35-2101 air, produced 2,340,000 g,p.d. Total capac-

well 
2 wells 

4 in. 
'8 in. 
6 in. 

"' 230 
298 
200 

well 6 in. 42 

:flows 

6, 6 in. pipes with strainers driven 32 ft.' into gravel. 
Head 17 ft. below pumps. 

2 wells 6 in. 
.. 10 in. 

well 10 in. 

180 
384' 
262 

ity 5,020,000 g.p.d. 
Ample at all times 
Ample for pump 
25 g.p.in. 
Amp~e at all times; low ground 
No data on "capacity 

250,000 g.p.d. (abandoned 1928) 
40 'g.p.m. 
Bottom 29 ft. filled with gravel. Original 

head-33 ft. Tested at 70-75 g.p.m., level 
constant at -188 
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Town 

Columbus Junction 

Conrad 
Coon Rapids 
Corning 
Correctionville 
Corwith 

Corydon 
Council Bluffs 
Coulter 
Crawfordsville 

Cresco 

Creston 
Cumberland 

Cushing 
Dakota City 
Danbury 

Davenport 

Davis City 
Dayton 
Decorah 

Dedham 

MUNICIPAL WATER SUPPLIES OF IOWA OITIES AND TOWNS (Continued) 

Source Diameter Depth, feet Head, feet 

5 pipes 6 in. 53--83 flow 

well 10-8 in. 606 -160 
2 wells 6 in. 107 
Reservoir, dam 500 ft. long, ,30 ft. high, cap. 40,000,000 gal. 
well ' 6 ft. ' 30 
well 10 in. 153 -30 

Reservoir, earth dam 600 ft. long, cap. 85,000,000 gal. 
Intake pipes 20 and 24 in. diam. i50 ft. long into Mo. R. 
well 8 in. ' 257 
2 wells 8 in. 240 

2 wells 
1 well 

695 
8 in. 200 & 400 

16 + to 12lh in. 670 -151 
Summit Lake, artificial reservoir, 150 acres, 25 ft. deep max. 
2 wells 5 in. 150 

4 in. 200 
10; l -lh in. sand points 25 ft. deep 
well 6 in. 164 
2 wells 5 in. cased 50 

4 in. sand 
points 50 

Miss. R. Water passed through sedimentation reservoir 
and pressure filters 

well 4 in. 900 
well . 10-6 in., 470 -100 
well 20 ft. 36 
4, 4 in. sand points into gravel bed bordering river. 
well 6 in. 40 

Supply 

Ample when not pumped. Strainers on bot­
tom of pipes, in gravel bed on -Iowa R. 
bottoms 

Ample for pumps; 40,000 g .p.d. 
Ample & reliable 

Ample in all seasons 
Ample, not affected by dry weather. Drilled 

1919 

Watershed 320,000 sq. mi. 
Ample, not affected by dry weather 
15,000 g.p.d., drilled 1921 
20,000 g.p.d., drilled 1915 
Est. at 200,000 g.p.d. 
250 g.pm. 
Watershed 35 sq. mi., abundant 

, Ample in all seasons 
Ample in all seasons. Held in reserve 
Ample for the pump 
Ample for 70 g.p.m. pump 

Ample in all seasons 
Ample, draws down 50 ft . when pumped 
Ample at all times; in limestone 
Used for emergency 
Ample, not affected by dry weather 
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Deep River 
Defiance _ . 
Delmar 

Denison 

Denver 
Des Moines 
DeWitt 

Dexter 
Diagonal 

Dike 
DixQn 
Dolliver 
Donnellson 

Doon 

Dow City 

Dows , 

Dubuque 

Dum?,nt 
Duncombe 

.. - - -.----

well 4 in. 244 
3 cased wells 8 in. with sand points 46 ft. in gravel 
2 wells 8 in. 220. 

13-8 in. 1592 -196 
well 14-8 in. 1810. -88 

dug wells in reserve. Yield 60.,0.0.0. g.p'.d. 
well . 24 in. 57 
well 6 in. ' 170. 
Galleries in Raccoon R. bottoms, 11,821" feet. 
2 wells 8 in. 524 

.6 in. 274 
well 12%-8 in. 1646 -10.1 
well 12 ft. 28 
2 wells 13 in. 44 & 47% 

well 6 in. 16.0. 
well 6 in. 130. 
well 6 in. 250 
3 wells 8 in. 275 

6 in. 150. 
81A,-:4% 10.95 -80. 

well 12 ft. 30. 

well 6 ft. for 51 
. 20. ft., 6 in. to base 
2 wells 3 in. 85 
. 1(}-4 in. 50.0. 

5 wells6-~6 in. - 1,30.0-1,50.0. flow 
Reservoir fed by abandoned mine workings, 40.0.,0.0.0. g .p.d. 
6 wells 6 in. . 25 -5 
well 8 to 6 in. 50.0. 

,: 

Ample for pumps at all times 
Cap, 110.,0.0.0. g.p;d .. If emptied refill rapidly 
Ample for pump. at · 11 g.p.m. 
10.0. g.p.m. 
Yield 20.0. g .p.m. Held in reserve 
One well yields 50. g.p.m. 
60.0. g.p.m. 
Ample, reliable 
Yield abou~ 20.,0.0.0.,0.0.0. g.p,d. 
In limestone 
In limestone, yields 50. g.p.m. 
225 + g.p.m . . 
Ample to ·supply present pump. By seepage 
Ample for pump. In sand & gravel in river 
. valley . 
Unfailing 
Good, ample for pump 
Ample and reliable 
Failing, deepened for new well 
Yields 35. g.p.m. 
Yields 80. g.p.m. 
Ample for pumps. Can be emptiE)d in 2 hrs., 

in very dry weatner. Fills rapidly. In 
gravel. Brick lined 

Ample .at all times 

Ample iIi all seasons 

70.0.,0.0.0. g.p.d. Increased under air lift ' to 
6,50.0.,0.0.0. g.p:d. 

Adequate 
Ample for pumps at all times 
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Town 

Dunlap 

Durant 
Dyersville 

Dysart ' .. 
Eagle Grove 

Earlham 
Eal'ling 

Earlville 
Early 
Edgewood 
Elberon 
Eldon 

Eldora 

Eldrid,ge 

Elgin 
Elkader 

Elliott . 
Ellsworth . 

MUNICIPAL WATER SUPPLIE'S OF IOWA CITIES AND TOWNS (Continued) 

Source Diameter Depth, feet Head, feet 

4, 5 in. sand points driven into. gravel 

1 well 6 in. 1500 
well 10 ft . . 60 
·well 20 it: 30 

. well 10 in . . 1600 -120 
dug well 16 ft. 56 -16 

old well ' 25 ft. ~5 -6 
well 6 in. 510 
2 wells 6 ft. 30 
3 .wells 6 it. 30. 
well 8 . in. 115 
springs 
wells 8 in. 128, 260 
art. well 4 in. 200 flows 
2 wells . 25 ft. 20 
1 well . 25 ft. '23 

3 wells 10 :in. 300 
6 in. 200 
8 in. 250 -132 

. well 10 in . 513 
8 in. 300 

2 wells .. 6 in. 150 
. 1 well 15-1Q in . , 659 +20 
2 wells 10 & 8 in. , 18;; flow 
15 sand. points, 2, 3 in.; 1, 114 in.; 12, '2 ,in., 30 feet deep 
well 6 in. 340 

Supply 

'Ample at all times.· Installed 1918 (not in 
use, 1928). New well at this' station · 

Ample (abandoned, 1928) . . 
Drawit down' only 7-8 ft. by 12 hrs: pumpiitg 
Concrete lined, supply ample, by infiltration. 

In rock 
Unf~iling, ~O g.p.m. 
When 2 pumps are running water drops 10 ·ft. 

further, then stands constant . ' 
Fail~d. 14 inch pipe extends to 69 ft. " 
Ample for pump . 
Limited in dry weather. West sta. 
Limited in dry weather. East sta. 
Ample, reliable, unaffected by drought 

Ample, wells new 
30,000 g.p.d. 200,000 g.p.d could be pumped 
Ample for pump. Old sta. . 
Cap. 210,000 g.p.d. New Sta. Both Sta. 011 

low ground across D. M. river 
Cap. 50,000 g.p.d. (10 in. well) 

Ample,. affected little by dry weather 
Ample at .al.l time~ 
Not used, ample, but muddy 
Ample, drilled 
190 'g.p.m. 
12 g.p.m. 'each 
Ample. In use 10. years ' 
Ample at all times . C; 
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Elma 

~..me:r§qn . 
Emmetsburg 
Epworth 
Essex 

Estherville 

Eve~ly 
EXira 

F'airbank!l 
Fairfield 
Farley '< •• 

Farmington 
i ' ... ·'L 

, .:~} 

Farnhamville 
Farr:igut 
Fayette. ' 
Fenton 
Fonda 

Fontanelle : 
Forest City 
l. '! ~ • . ~. 

Fort Dodge 
I , 

Fort Madison 
. Fredericksburg ' 
Galva 
Garner 

. ", 

well 6 in. 100 
well 10 4t. ' J 160 

" " fl<-
~e~ 10 ill. 44 
well: 12 ft. 25. 
weI! " 6 in. 120 
2 wells' 12 in. 48 " .. 

7 in: 35 .:.t
o 

2 wells ;". 16 f t.' 32 & 38 ,,: .', .. :'~ { t' ... .. "!I,. 

w'ell 16 ft. 20. 
2 ·wells '6 in: 147' 

6 in.: 1.26, 
well a in. 21.9 
2 I:eservoirs-Cap. 180,000,000 gal. 
well 6 in. 225 
Reservoir, 200,000 gal. cap., water pumped from D.M. 'river 

untreated, not used for domestic purposes 
driven well ....... :.... 165 
well •. 10 in. 165-
2 wells 8 in. 65 near curb 
w'eil 
well 

well 
·2. wells 

8 drilled wells 
. :.J 

3 wells 

,6 in:' 
6 in. 

12 ft: 
6 in, 
4, in, · 

17 to 6 in. 

228 
365 

.40 
127 
117, 

-54 

1436 to 215 flow 

7:"'14 

Ample 
Ample. E~ergency supply; pump will lower 

water .only 6 in. all day 
Ample. In g,ravel 
Ample in all sea,sons 
Ample foq>ump 

Ample ~for pump' 
'1,000 g:p.ht., not .reduced by 'dry weather. 

West bank D; M. river 
Ample at all times 
Ample: and reliable 

Good record., In ' limestone . 

Apparently s\11Iicient 

Ample, reliable; in gravel 
Ample. 'Gravel bed 60 ft. · thick 

. Amllle at all times 
Ample; drilled 1910 

. 

;. 

Ample at all times: 3-' 27, casing rep'Ortcd re· 
'. paired 

Ample at all times 
Flows into rese~voiT 24 by ' 19 ft. 380,000 

g,p.d. in all seasons 
1,300,000 g.p.d. Incr. by' air lift to 2,793,000 ' 

g.p.d. , Near Sta . 
Emergency only 

Miss. R. 3 intakf;) pipes .12) 14, 16 in" 150·200 ft. long i)l river 
-. well . 10 & gin. ' 570 

21 driven wells, each with 2 in. 'sand point and strainer-
. well ,,:- ·'· '·c8 .in. . . 3g0 . -16' 

Adequate and reliable 
. Cap. est. at '250,000 g.p.d. 

. ~ Ample at all times 
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~IOIPAL WATER SUPPLIES OF IOWA OITIES ·AND TOWNS (Oontinued) ..... 
I->' 
C? 

Town Source . Diameter Depth, feet · Head, feet . Supply 

Garwin well 8 in. 180 flows 10 g.p.m. at all times. Est. cap. with pump 
100,000 g.p.d. 

George well 16 ft. 22 -14 Ample, when pumped down to 3 ft. runs in 
as rapidly as pumped out 

Gilbert well 6 in. 145 -33 Ample ("in gravel. overlaid with shale") 
Gilman 4, 6 in. sand points 20 ft. deep Unfailin~ 2 mi. N. of town 
Gilmore City . well 6 in . 120 Unfailing is: 
Gladbrook 2 wells 8 in. 827 & 268 AmEle for pumps, 125 g.p.m. q 
Glenwood well 8 in. 2165 Level dropping since well· was drilled ~ Glidden well 10 in. 165 Ample for pump at all times '"" 
Gol!Ifield well 8 in. 168 200,000 g.p.d. 48 hr. test produced no shortage '"d 

P> 
Gowrie 1 well 8t04in. 775 -60 Head not much reduced by pumping ti 

1 well 16-8 in. 1842 -81 300 g.p.m. ~ Graettinger well 12 ft. 28 Ample but falls short in hot, dry weather. In 
t-3 gravel t.".J 

Grand Junction well 12-10 in. 320 -15 150 g.p.m. for 24 hI's., drilled 1926 ~ 

old well 10 in. 76 Ample for 24 hI's. (1920). In sand & gravel 00 

Grand Mound well 6 in. 90 Good record. In limestone ~ 
Granger well 8 in. 106 Unfailing. 200 g.p.m. '"d 

ti 
Granville well 10 ft. 30 Somewhat reduced in dry weather '"" t.".J 
Gray well 8 ft. 26 25,000 g.p.d. Low ground 00 

Greene iell, 5 ft. sq. for top 20 ft., 20 ft. diam. for lower 5 ft. Anq>le for pumps 
Greenfield old works, 17 ft. 41 ! Will ,up ply P=P' 2% h~. " at ,.t. 0; 

2 wells 14 ft. 45 130,000 g.p.d. 10 bIks S.E. bus. dist. 
new works, 18 ft. 42 -22 150,000 g.p.d. {~ mi. W. town on low 
2 wells 6 ft. 35 In ·reserve ·· ground 
well 20-8 in. 2505 -505 Not finished, Dec. 31, 1928 

Grimes well 18 in. 30 Adequate, reliable 
Grinnell 5 wells 10 to 16 in. 2000 -230-250 Nos. 4 & 5. Cap. 150 g.p.m. each 

1 well 16-10 in. 2500 -258 500 + g.p.m. 
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Gr~s~old . 2 wells 8 in. 60 
Grundy Center i well 

"i'. -
10 in. 255 

1 well 8 in. 360 
Guthrie Center 7 wells 6 in. 60 
Guttenberg well 24 ft. 25 

Halb~ 2 wells 10 ft. . ~ '25 
16 ·ft. 26 

Hamburg 14 sand points, 2 in. by' 4 ft., 25 ft. deep, head -13 ft. 
3 springs on side of bl.uff, ·:flow into basin. 

Hampton ' 1 well 10 in. 1709 -153 

1 well 20-8 in. 1700 -153 
Harlan 22 wells 6 in. .40 
Harris well 3 ft. 70 
Hartley well '12 in. 1000 
Havelock well 8 in. 138 -25 

Hawarden well 16 ft. 35 -23 
Hawkeye 1 well- 6 in. 182 

1 well 8-6 in. 835 -265 
Hedrick well . 6 in. 55 
Hinton 2 wells 8 in. 40 
Holstem: - old well : 8 in. 2,000 -300 

new weJI . 12-6 in'. 2,P40 -290 
Hopkinton well 6 in. 80 
Hospllrs well 12 ft. p3 
Ilubb.ard, well 6 in. ~OO -20 
lIudson well 6 in: 212 
Hull well 8 in. 1300 

.... ... - ,-, 

Not affected by dry seasons 
8.0 g.p.m. Tested 50 g.p.m. for 12 hrs. when 

drilled 
65,000 g.p.d. 
350 , g.p.m. all seasons 
Drains in 5 hrs., fills quickly. Seepage from 

bluffs and river 10 ft. away ' . 

Ample at all seasons 
Ample 
Ample for pump. 1,4 mi. from pumping sta. 
Ample at all times, 366 g.p.m. %. mi. E. bus. 

dist. . Springs furnish some. 
1,000 g.p.m. 
Est. 900,000 g.p.d., not affected by dry weather 
Ample at all times 
Ample for pump 
Unfailing . ..Drift to 116 ft., sand to 124. Test, 

4Q g.p.m. for 6 hr. 7 ft. Cook strainer 
Good 
900 g.p.h. 
100 g.p.m. under air' 
Ample in all seasons 
90 g.p.m. 
Ample 
200 g.p.m. Drilled 1924 
Reliable. In' limestone 
Limited 
Ample at all times. Cased 80 ft. 
Ample at all times 
Constant, sufficient for pump 
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Town 

Humboldt and 
Dakota City 

Humeston 
Hur·stvil.le 
Huxley 

Ida Grove 

Independence 

Indianola 

Inwood ' 

Iowa Oity 
Iowa Falls 

Ireto'h' 
Jefferson 

Jessup 
Jewell 
Kamrar 
Kanawha 

. Kelly 

Kellogg 
Keokuk 
Keosauqua 

MUNICIPAL WATER SUPPLIES OF IOWA CITIES ANn TOWNS (Continued) 
Source Diameter Depth, feet Head, feet Supply . 

springs Old-across river from Sta. 100 g,p.m. 
. \' New-¥.! mi. NW. bus. <list. 300 g.p.m. 
.Reservoir 2 mi. from bus. dist. Cap: 40,000,000 gal. 
well 6 in. 165 
,well 8-5 .. in. 892 -125 

014, 3 wells shallow 
new, 6 wells 3 ft. cement ~ile ' lining -16 
4 wells 10 in. 200 
6 wells 10 in. 50 
1 well 12 in. ~57 
2 wells 28 ft. 43 

25-15 ft. . 43 

2 wells 6 ft'. sq. 96 
12-10 in. 915 -275 

10 art. wells, 2,200 ft. timber galleries, 960 'ft. 6 in. tile. 
4 wells 2-8 in. 270 -40 

1-10 in. 
well 6 in. 160 
2 wells 8 in. 2,100 

6 in. 125 
well 6 in. 
well ' (":.: t;· . -,' l. J; 6 in. 1,000 flowea tiJI 1922 
well 

~.;~ I.i., 
6 in. 287 

2 wells ' 5 in. 135 -18 
8 in. 165 

well 6 in. 222 

2 wells . 3 in. 21 
Miss. R. Flows to settling basin, through filters to clear wells 
Des Moines R., 8 in. intake pipe to settling well on bank 

Ample, at all times 
75 g.p.m. during 24 hr. test, little effect on 

water level 
Permits 5¥.! hrs. pumping. Good all seasons 
Permits 5 hr. pumping 

{
Est: Cap. 90Oc-1,000 g.p.m. or 1,300,000 g.p.d. 
Across R. froI\l bp.s. dist. 

8 hrs. pumping at 280 g.p.m. 
14 hi'S. pumping at 280 g.p.m. 
'l%, :hr'_I?umping, 7,000 g.p.d. 
60 g.p.m., 80,000 g,p.d. Drilled 1917 . 
Ample. Wells flow 240,000 g.p.d. 
10 in. well installed 1920. Water could not be 

lowered 'more than 40 ft. below curb 
Ample at all times 
Good record since 1912. Into sandstone 
Good record since 1916. Into sand 
Ample for pump 
Ample for pump of 60,000 g.p.d. cap'. , 
Ample fo,r pump of 40,000 g.p.d.' cap. 
Ample at all times 

Drift, 4Q, sand 10', y~llow clay 60, blue clay 40, 
sand 72. Test 50 g.p.m. for 10 hrs. 8 ft. 
straiiuir - . 

Ample and reliable'- Low ground 
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Keota 

.Keyst~ne 

Kimballton 
Kingsley 
Kirkman , 

Kiron 
Klemme 
Knoxville 

Ladora 
Lake City 

Lake Mills 

Lake Park 
Lake View 
Lakota 
Lamoni 

Lamont" 
La 'Motte 
Lansing 
La Porte 
Latimer 

old well 9 .ft. 75 ft. with sand point 
below 

.new well 22 in. 254 
dug and drilled well 6 ft. for 62 ft., 6 in. for 66=128 ft. 

new 'well 12 iIi. 
6 sand points I 2% & 2 in. . 41 
well ' . 12 ft. 32 
2 wells 6 ft. 52 

well 8 ft. 22 -13 . 
well 8 in. 190 
:2 wells-concrete pit 25 ft. deep; 2, 10 in. pipes with 10 in. by 

10 ft. brass strainers resting on rock 37% ft. below bottom 
, of pit. Wells on D.M.R. bottoms 6% mi. N. of town, 1,4 
.' mi. fr01iL R. 
1 well 24 in. 35 
well 8 in. 70 
1 well 16-4 'in. 1376 
1 well 350 
1 well t F_" 'f' 6 in. 235 
1 well 12 in. 374 
Silver Lake. Pumped into settling basin 
2 wells'- 40 in. 32 . 
well 6 in. 115 
Reservoir, dam 200 ft. long. Watershed 460 A. 
well 16-6 in. 2200 
well 
well . 
well 
well 
well 

l' .. • -:!.. •• t 

~:v ~- .. J~' ?' ~.-

8 in. 
6 in. 
6 in. 

10 in. 
6 in. 

165 
144 

348 
150 

-15 

-8 

:flows 

50,000 g.p.d., slightly _reduced in dry weather 

50,000 g.p.d. Slightly reduced in dry weather 
Low in summer, probably discarded for new 

well 

20,000 g.p.d., slightly affected by dry' weather 
Seepage ; % I¢. N.W. town 
Not affected by dry weather; connected at 

bottom by 2 three in. pipes 
Ample, "well to roc:k" (must be a bowlder) 
Ample in all seasons 

Ample 
720 'g.p.m. :for 12 hr., 1,100 g_p:m. for 1 hr. 
Ample 
200 g_p.m. 
Ample, . reserve 
Ample at all times, 80,0,00 g.p.d. 
250,000 g .p.d. 

Ample 
Ample 
Enough for 2 mo. dry weather 
100 g.p.m. 
Ample at all seasons 
Ample, 50,000 g.p.d. In limestone 
Another well supplies drinking fountains 
Ample . 
¥ ple at all seasons 
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MUNICIPAL WATER SUPPLIES OF.IOWA OITIES AND TOWNS (Oontinued) 

ToWn Source Diameter Depth, feet Head, feet 

Laurens 1 well 10 in. 1200 
1 well . ·4 in. 300 

Lawler well 6 in. 136 
Lawton 2 wells 4 in. ·80 
Ledyard well 8 in. 193 -15 
Leeds, see Sioux City 
Lehigh well 12 ft. 25 

Le Mars 2 new wells 25 in. . 110 

29. driven wells 3-8 in. 45 
Lenox ,' . .:: Reservoir, earth dam 1,000 ft. long, 30 ft. high. 
Leon 1 well 7 in. 80 

1 well .8 in. 1100 -350 
Lester well 3 ft. 32 
Lewis well No, 1 10 ft. 74 

well No.2 10 ft. 44 
Lime Springs well i.. 10 in. 160 
LincQln well ~ ; ' . . 6 in. ' 511 -i70 
Linll Grove ~ell 10 ft. ,30 
Lisbon Reservoir, supplied by springs, also small well, size unknown 
Little. Rock well . 18 ft. 20 
Livermore well 6 in. 145 
L~gan . 2 art;' wells 6 in. 954 +80 

. 10-6 in. 840 +30 

1 wen 9 in. 52 
Lohrville well 8 in. . 180 
Lone 'R~ck well 8 in. 153 
Lone Tree 2 wells 6 in. 86 

" 

Supply 

Ample at all seasons 
Reserve supply 
Ample, reliable 
Ample at all seasons 
Ample 

Ample; max. lift 15 ft . . Fluctuates with river 
level. Near Des Moines river . 

700 & 750 g.p.m., moderate lowering, lined 
with concrete strainer pipe 

800 g.p.m. 14 mi. W. bus. district 
Cap. 50,000,000 gal. 1 mi. N. of town 
100 g.p.m. for 7 hrs. or more; not affected by 

seasons 
Ample 
Ample at all ti~es . 
Good now, failed once, deepened 
Ample all times 
Good flow, drilled 1919 
Ample all ~easons 

Ample all seasons, 500 ft. from Little Rock R. 
Ample all seasons, not affected by dry weathE1r 
Flows 200 g.p.m. Chief supply 
Flowed 13 g.p.m. in 1912. Would yield 

20,000 g.p.d. for emergency 
Ample all times 
Anlple at all times 
Ample. Tested 60 g.p.m. for 8 hrs. 
Reliable; in gravel, 4 in. casing 
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Lost Nation well 8lh in. 120 

Lowden well, drilled 
Low Moor well 6 in. 226 
Luther well 18 in. 90 

well 5 ft. 55 
Luverne well 8 in. 154 
Lytton drilled 8 in. 1141 

well 
McGregor drilled 8 in. 440 flows 

well 
Macedonia old well 8 ft. 29 

new well 3,4 in. 25 
sand pta. 

Madrid well 16 in. 134 
-Malcom 2 wells 8 ft. 20 

12 ft. 20 
Mallard well 12 ft. 33 

Malvern 14, 11,4 in. sand points 20-27 

well No.1 14 ft. 45 
well No.2 16 ft: 30} J •••• _ 

well 8 in. 42 
Manchester drilled well 10-6 in. 1870 

well 5 in. drilled from base of pit 
30 ft. by ~O ft. deep 

Manilla well 12 in. 62 
Manly 2 wells 10 in. 300 
Manning 9 sand pts. 38 -9 

Manson well 10-4 in. 1320 -60 
Mapleton 6 points 25-32 

Ample. 8 hr. test, no drop. 30 ft. in soil, 
rest in rock -

Ample in all seasons 
10,000 g.p.d. all seasons, wells connected 

Ample, reliable 
Supply ample for pumping capacity. In sand­

stone 
50 g.p.m. Pumping cap. 300,000 g.p.d. 

70,000 g.p.d. 
Ample all seasons 

Ample, reliable. Installed 1925 
Pumped dry occasionally in dry weather. Not 

often 
Supply ample for pump of 90,000 g.p.d. cap. 
Level varies during year, but enough for 7 

hr. pumping -
Not affected by dry seasons. At cold storage 

plant 1h mi. from bus. dist. 
100,000 g.p.d., reduced in dry seasons 

Ample at all times 

300 g.p.m. 
Flows when deep well is not pumped. 200 

g.p.m. 
Ample at all times 
Ample, reliable 
240 g.p.m. for short period. In gravel, head 

5-6 ft. higher in wet weather 
Ample 
Good. In gravel; equipped with strainers 
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:," Town 

Maquoketa 

Marathon 
Marble :Rock 

. Marcus . 
Marengo 

. ; {HlH.}',;- ". 

Marion 
Marne 

¥~_r91l~tte 
Marshalltown 

M;ason City 
. Massena 
Maurice 
Maxwell 

Maynard 

. Me!lhll;nicsville 
Mediapolis 

¥erriU 
Meservey 
Miles ". 

Milford , 

" 

, 

MUNICIPAL WATER 'SUPPLIES OF IOWA CITIES AND TOWNS (Continued) 

Source Diameter Depth, feet 
.tt.'.l yt.,-,) 

well 22.5 ft . ," '"SO 

well. 
well 
well 
1· well 
2 wells 

... , -.1 

10 in. 
6 in . 

12 in.· 
25 ft. ' 
24 in. 

Springs 1 mi. west of business district 

182 
1~6 
300 
30 
34 

well : d ft. 31 
p -, 

Head, feet 

-74 

-19 

. 'Yell 
9 'wells ' 

6 in. 
.<lJJIJ l"!!'l > 1, 6 ~. 

585 +10 flow~ _ 
74 to 178 -15 

51 ~ells 

4 wells ' I' 

. -ivei.l 'ClH: .' 

well 
well 

l ' well 

1 weU' 
well . 
1 w,ell 
1 well 
!VeIl 
well 
well 

8, 1~ m . 
'6 in. 

12--24 . in. 
7 ft. 

12' ft: 
6 in. 

10 in. 

( ~tI" 

8 in. 
8 in. 
6 in. 

18, in. 
6 in. 
8 in. 

31~38 

1,290 & 1,219 -75 ~o 123 
36 

1'~ "j' 
22 

38Q flows 

700 

70 
3QO 

• 54 
' 54 
42 

160 
50 -6 

~ake Oko~oji, pumped through 6 in. m~ 1% ·mi. to town 

Supply -

Ample for pumps all se8.}l0ns. In gravel. 600 
feet 24 in. tile laid in gravel . .. .. 

100 g.p.~. for 8 hI'S. Last 11 ft. in saud 
Ample all times 
No shortage. In sandstone 
Ample . . In sand (in reserve) 
Ample. ';'500 g.p.m. Connected 
Ample, ~nfailing 

} 

1 hr. pumping lowers water ,9 ft. 2 hr. seep-
age relltores level "t" '. "'.< •. 

Ample 
10,000,000 g.p.d. " 

_ j,-

500,000 g.p.d. Reserve. Iugravel. Wells 1-
mi. Irom tOW!l (. i:'; -';'.' ... ,r" 

5,500,00,0 g,p.d. 
Adequate 
Ample all seasons 

~.' r' 1. .. f,. • 

70,000. g.p.d. "Driven into gravel under soft 
" ,shale" - . . 

I ,. ~ 

Ample, reliable, 32,000 g.p.d. (abandoned in 
1928) , 

60,000 g.p.d. 
Adequate at all times 
IpO g.p.m. 
Ample for pump of 75 g.p.m. cap. 
Kelly well. In gravel. Ample 
Ample, reliable 
200,000 g.p.d., draws down 15 ft . when pump­

ing; dimin~shed in su=er. In limestone 
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, 

Minden 

Missouri Valley ' 
Mitchellville 

Modale, 

Monona 

Monroe 

Montezuma 

Monticello , 

Moorhead 
Morning Sun 
Moulton 

MountAyr 
MoUnt Pleasant 

Mount Vernon 
Moville 
Muscatine 

Nashua 

A, tile well 18 in. 40 -20 ' 
B, brick ,'well -7 ft. 40 
2 wells , 10 in. 77 & 85 -13 
River Sta. '3 ~ells, 6 in. 'pipll driven 45 ~t. iito, gravel, :~~rainers 

at ends 
well 

'yell 

2 wells 

6 iIi. 

6 in. " 
8 ip.. 
4 in. 
6 in. 

90 ft. 

427 
814 
120 
180 

20,000 g.p.d. ' Installed 1914 
5,000 g,p.d., less in ' dry weather 
Ample. Drilled 1918 
~ " ... , . 
Ample all times. ' 2 mi. NE. of town 

12 'hr. -test 120Q g.p.m. showed no shortage. 
1,000 ft. from bu~. ·dist. ' , 

Aniple, reli~b1e 

Good. Ample for pumps 

well 5 in, 250 _,:... Ample for pumps; down to rock (reserve). 
, " New well, cylinder at 220 ft. 

Springs, l'un into basin 9 ft. deep, 60,000 gal. cap: 2% mi. Overflow ,basin in wet weat;her 
from town 

2 'wells 

shallow well 

8 in. 
12 in. 

275 
500 

few ft. 
below curb 

well 12-8 in. 1205 -122 
ReservQil', dam 560 ft. long, 24 ft. high. , Cap. 55,006,000 gal. 
- 2 .ql. NE. town 

Reservoir, dam of earth, cap. 5,000,000 gal. 1,4 mi. N. town 
main, well 
old, 4 ,wells 

2 wells 
21, ,2 in. sand points 
13 ,wells 

·1 
2 -
-3 

well 

6 in. at base 

8 & 12 in. 

6 in. , 
8 in. 

10 in. 
12 in. 
8h. 

1820 
50, 2' nave 16 ·ft. santi 

pts. in bottom of 
brick lined well 

337 & 327 ' 
40 ft. deep 

:, 48, with 
strainers -2 to 15 ft. 

· 160 '-19 : 

Ample . aU ,times (new well drilled 1925, not 
placed-in service). Est. yield 250-:300 g.p.m. 

Ample for pump of 20,000 g.p.d. 
130 g.p.ro-. , 

250 g.p.m. 
Supply low in dry years 

Over 200 g.p.m., no reduction in dry weather 
Ampie all seasons 

5,5{)0,000 g.p.d.; good quality; 2 mi. SW. bus. 
dist. In gravel under island 

Pump lowers water to -29 ft. 
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Town 

Neola 

Nevada 

New Albin 
Newell 
New Hampton 
New Hartford 

New London 
. New Sharon 

. Newton 

New Vienna 

Nora Springs 

North English 
Northwood 
Norway 
Oakland 

Ocheyedan 

Odeholt 

MUNICIPAL WATER SUPPLIES OF IOWA OITIES AND TOWNS (Oontinued) 
Source 

sand points 

3 wells 

well 
2 .wells 
2 weHs 
well 

well 
2 wells 

8 wells · 

3 wells 
well . 
well 

.old well · 
well 
. well 
well 
well 
well 

old well 

new well 
No.1, 5 wells 

No. 2, well 
No.3, well 

Diameter 

1, 10 in. 
2, 6 in. 

~6-6 in. 
16-6 in. 
8 in. 

10-8 in. 
8 in. 

10 in. 
8 in. 

6-4 in. 
8 in. 

12 in. 

12 in. 
4 in. 
6 in. 
8 in. 
8 in. 

13-t? in . . 
10 in. 
12 in. 
16-7 in. 

16 ft. 

6 in. 
7-18 ft. 

15 ft. 
20 ft. 

Depth, feet Head, feet 

48 

2792 -163 
2791 -165 
1000 

585 1I0ws 
300 
235 & 262 
237 

1485 -140 
165 

50 

47 
75 

160 
280 
385 

1678 -70 
90 near top 

120 
1936 -92 

30 

233 
15-28 

22 
21 

Supply 

Ample all seasons 
Not affected by dry seasons, 180 g.p.m. 
250 g .p.m. 
Reserve 
150 g.p.~. by pumping doe·s not lower water 
Ample for pumps. No shortage in dry weather 
Ample all . times 
Ample; top 80 ft. cased, rest in rock. In· 

stalled 2- '21 
40 g.p.m. Into sandstone. 14 mi. E. bus. dist. 
Ample. Supplied pumps for 86 hrs., no effect. 

Each pump cap. 33,000 g.p.d. 
I~OOO,OOO± g.p.d. in dry weather. On Skunk 

bottoms 1 mi. from river, 6 mi. SW. town 
1,000 + g.p.m. each 
Cap. est. 15 g.p.m. 
For fire. Ample for pump. 
In reserve, to be enlarged & deepened 
Ample; pump cap. 130 g.p.m. 
Ample, reliable, 100 g .p.m. 
Ample all times 
Ample all times 
Ample. Test of 150 g.p.m. 36 hrs., no change; 

drilled 1919 
1000 ft. 8 in. drain tile extending from it. In 

reserve 7 wells 36 in. by 30 ft . deep 
50 g.p.m. 
100,000 g.p.d. _max.~ 50,000 g.p.d. in dry 

weather 
40,000 g.p.d. max., 20,000 g.p.d. in dry weather 
50,000 g.p.d. max., 30,000 g .p .d. in dry weather 
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Oelwein 

Ogden 

Olin 
Onawa ' 

Onslow 

Orange , City 

Osage 
Osceola 
Oskaloosa 

Ossian 
Oto 
Ottumwa 
Oxford 

Oxford Junction 
Palmer 
Panama 
Panora 
Parkersburg 

Paton 

old, 3 wells 

new: well 
new well 
new well 
well 
well 
well 
art. well 
2 wells 
well 

well 
well 
2 wens 

10 in. 

12-8 in. 
18-12 
12 in. 
10-6 iii. 
16-41h in. 

4 in. 
12 in. 

6 in. 

8 in. 
8-6 in. 

10 in. 

150 

1316 
122 
111 

2200 
2852 

overflows' 
60 g.p.m 

-30 
-31h 

-163 

940 flows 
110 & 111 
237 -160 

825 -200 
562 -225 
782 & 820 

Reservoir, cap. 25,000,000 gal., drainage area 280 A. 
Skunk R. 
2 wells, 18 in. gravel-packed Kelly wells. On flat vf Skunk 

R. 4 mi. N. town. One has separate pump 
39, 6 in. sand points 30-40 feet deep. Cleaned and connected 

with one of new wells. Cap. 1,000,000 g.p.d. 
well 6 in. 700 -435 
5, 2 in. sand points 47 ft. deep 
well 22 ft. 32 -24 
well 20 ft. 40 

2 wells 10 in+ 586 -62 
well 14 ft. .16 
well 4 in. 165 
well 6, 114 in. sand points 42 ft. deep 
well 6 ft. 48 -24 
well 6 in. 100 
well 12 in. 281 
well 6 in. 225 

225 g.p.m. into old well pit 20 ft. diam., 40 ft. 
deep, 5 points in base, yield 40 g .p.m. 

90 g .p.m. 114 mi. S. of bus. dist. Not used 

Connected by 21h in. siphons and cross pipes 

Ample all seasons 
150 g.p.m. 
Ample 
72,000 g.p.d. Intermittent 
1,000,000 g.p.d. 
Will supply pump for 15-20 min. Refills 

rapidly 
Test, 110 g.p.m. 48 hrs. Ample. Drilled 4-'22 
20 g.p.m. Reserved 
Am pIe all seasons 

Good. Drilled 1916; cased to 500 ft. 
Ample all seasons 
On Turkey I s. Extends to I'ock 
Seepage. Will supply pump (cap. 86,000 

g.p.d.) for 8 hrs. except dry weather, then 
only 1h hr. 

75 g.p.m. each 
Ample. Into gravel 
Ample 
Ample, on low ground 
Ample, on low ground 

Ample all seasons 

50 g.p.m. In gravel. Strainer in bottom 
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Town 

Paullina 

Pella 

Perry 
Persia 
I'eterson 

'Pierson 
Pleasantville 
Piover 
Plymouth 
Pocahontas 
Pomeroy 
Portsmouth 
Postville 
Prairieburg 
Prairie City 
Preston 

Primghar 

Protivin 
,Quimby 
ltadcliffe 
Readlyn 
Redfield 

Red Oak 

MUNICIPAL WATER "SUPPLIES O~ IOWA CITIES AND TOWNS (Continued) 
Source Diameter Depth, feet Head, feet Supply 

well 20 ft, 24 

900 ft. 30 in. tile 20 ft. below surface, discharge into well 

Several sandpoints lh mi . W. station 
4 wells 10 in. 120 
well ' 8 in. 60 
well 
well 
well 
well 
well 
well 
well 

. well 

_ 14 in. 
6 in. 

13 ft. 
10 in.+ 

8 in. 
12 in. 
10 to 6 in. 

6 in. 

80 
80 
in -10 

1826 -180 
43 

268 ove~fiows when idle 
1300, 
135 " -20 

.12, 11,4 in. and 2lh in. sand points, 52 ft. deep 
well 10 in. . 518 -275 
well_ > 

well 
new well 
old weU 
5 wells 

well ' 
weU 
2 wells 
well 
old well 
new well 
S. Sta. 2 weUs 
E. Sta. 1. weU 

8 in. 
5 in. 

1(}-5 in. 
6 in. 
1, 10 ft. 
4, 3' ft. 
4 in. 
8 iIi": 
6 in. 
8 in. 

10 ft. 
12 in. 
18 ft. 
18 ft. 

230 
430 
989 
140 

20 
20 
75 . 

140 
13~ & 95 
108 

23 
211>+ 

68 & 52 
50 

-70 
-19 

- 74lh 

125 g.p.m., slightly less in dry seasons; lh mi. 
NE. bus. dist. 

Adequate exc. very dry weather. Near D. M. 
river 3lh mi. SW. town 

76(} g.p.m. test 30 min. 
Ample aU seasons ' 
Ample aU seasons 
Ample all seasons. Reserve 
Pump cap. 200 g.p.m. Well neal: creek 
70 g .p.m. 

. Ample for pump; cap. 60,000 g.p.d. 
Ample for pump; cap. 180,000 g.p.d. 
Ample all seasons 
Ample all seasons for pump; cap. 91,000 g.p.d. 
Ample aU seasons 
Good. In St .. Peter sandstone; drilled 1895 
Ample all times 
39 g.p.~. by test 
Ample for pump, at 75 g .p.m. 
Adequate for pump at 35 g.p.m. 
In gravel. lh mi. E. town; low ground. in-

termittent . . 
Ample 
Ample for pumps all periods, cap. 40 g.p.m. 
4.mple. Into rock 
Adequate and reliable 
4-9 ft. water, pump can empty in 2-4 hrs. but 

r efills rapidly 
Also 160 ft. tunnel 4lh x 6 ft. 500,000' g.p.d. 
55.0,000 g.p.d. 
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Reinbeck 
Remsen 

Renwick 
Rhodes 
Riceville 
Ricketts 
Ringsted 

Rippey 
Riverside, . 

Wash. County 
Riverside, 

Woodbury County 
Rockford 
Rock Rapids 

Rock Valley 
Rockwell 
Rockw.ell City 

2 wells 
3 wells 

8 in. 
2, 16 ft. 
1, 18 ft. 

well 6 in. 
well 8 in. 
'Yell 12 in. ' 
6, 2lh in. sand points 20 ft: deep 
2 wells 6 in. 

well 
1 well 

. 2 wells 
see Sioux City 

weIr 
2 wells 

well 
2 .wells 
2 wells 

8 in. 
12-6 in. 
10-6 in. 

3 in: 

10 in. 
18 ft . 

8 ft. 
6 in. 

10 to .6 in. 

12 to 6 in. 

380 
22 & 23 
34 

150 
300 
525 

517} 
160 

1770 
565 
116 

185' 
35 and 
32.5 

~75 

...... } 

.... --

-3 

-76 

at curb 

29 -21 
200 & 250 
952+ 

1542 -165 
Roland 5 wells 1, 8; 1, 3 .: 3, 6 in. 70 -15 

Rolfe old well 
new well 

Rudd welf 
Ruthven well 
Ryan 2 wells 
St. Ansgar well 
St; 0Iaf' -~'- .. __ .. _-- - well- .. 

Sabula 2 wells 

8 in. 
10 in. 

8 in: 
5 in. 
5 in. 

, 10 in. 
- - ·8··ft. ·· 

230 
634' 
196 
167 
400 
.230 

-50 

-40 

300 & 900 flow with 

Ample at all .times 

Ample for pumps, reduced in dry weather 

Ample all times 
Ample, reliable 
Ample, all seasons. 
NOt a1!'ected by dry seasons 

Ample. In gravel 

60,000 g.p.d. 
40 g.p.ill. 
Ample at all times 

Ample at all times 

Supply near that of pump; Cll-p. 530,000 g.p.d. 

Ample exc. extreme dry weather; refills rapidly 
1.60,000 g.p.d. In limestone and shale 
12·0,000 g.p.d. In service 20 yrs. Deepened 

since 7· '22 
225,000 g.p.d. In service 10 yrs. 
Ample ordinarily, fail during canning season. 

Refill rapidly. Canning plant well, 8 in. 305 
feet deep, in reserve . 

40 g.p.m. 
100 g.p.m. 'Drilled 1924 
Unaffected when well is pumped all day 
Ample, not lowered by 24 hr. pumping 
Ample all times 
Ample for pump all times 
Seepage. Lined with stone 
12 lb. pressure, failing 
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Town 

Sac Oity 

Salix 

Sanborn 
Schaller 

Schleswig 

Scranton 
S!Jrgeant Bluff 
Seymour 

Sheffield 

Shelby 

Sheldon 

Shell Rock 

Shellsburg 

Shenandoah 

Sibley 

Sidney 

MUNICIPAL WATER SUPPLIES OF IOWA CITIES AND~T=-O=-W.:..:..::N.:..:S~(C=-o::..:n=.:t=in=.:u::..:e::::.d!....) _______ _ 

Source Diameter Depth, feet 

Springs in valley Raccoon R., 1 mi. N. city 

2 wells 

well 
9 wells 

6 in. 

18 ft 
40 in. 

120 & 273 

62 
20 

2 wells 10 & 12 ft. 25 
10 wells lined with 10 in. tile, shallow 
New well 24 ft. 29 
well 
well 

6 in. 
8 in. 

Reservoir, cap. 40,000,000 gal. 

dug well 16 ft. 

well 14 in. 
reserve well 8 in: 
10 wells 6' & 8 in. 
3 dug wells with radiating tile drains 
well 10 in: 
new well 
well 12 ft. 

Sta. 6 and 2 
Sta. 3 
Sta. 5-1 well 

18 in. 
12 in. 
10 in. 

2 deep wells, No.1, 10 in. 
No.2, 8 in. 

1 shallow well 10 ft. 
Springs, not a"ffected by dry weather 

212 
350 

25 

. 60 
170 
28 

169 

23 

50 
51 
42 

314 
325 
30 

Head, feet 

-8 to 10 

-150 

-112 
-112 

. Supply 

200,009 g.p.d. flow into reservoir, cap. 100,000 
g.p.d. 

Ample, but lowered to maximum possible lift 
by pumping 

Decreased till it scarcely supplies needs 
Tile lined. Ample, decrease during dry 

weather' 
Brick lined . { SE. pt. town lh mi. from 
Installed in 1921 bus. district. In reserve 
West of town. Ample, 300 g.p.m. for 72 hrs. 
Ample for pump all times 
Ample for pump "all times 
Not affected by dry weather. %,mi. S. bus. 

district. Dam 500 by 15 ft. 
Limited to pump capacity. One pump has 400 

g.p.m., other. 250 g.p.m. cap. 
Ample all seasons · 
20,000 g.p.d. 
Ample for pumps 
Act as storage, 150,000 gal. 
4mple "at all times 
100 g.p.m. pump 
Normally good, reduced in dry weather, suffi-

cient for 3 hr. pumping 
200,000 g.p.d. eaCh} 
125,000 g.p.d. only slightly affected by 
400,000 g.p.d., new drought 
Ample for pumps, alternately (cap. 100,000 

and 64,000 g.p.d.) 
82,000 g.p.d. 
200,000 g.p.d. Low ground 3 mi. E : · town. 

Reservoir cap. 42,000 gal. 
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Sigourney 
Sioux Center 
Sioux City 

Leeds 
Riverside 

Sioux Rapids 
Slater. 

Sloan 
Smithland 

Soldier 
Solon 
Spencer 
Spillville 
Spirit Lake 

Springville 

Stacyville 

Stanhope 
Stanton 
Stanwood .... 
State Center 

Storm Lab 
Story City 

Stratford 
Strawberry Point 
Stuart 

well 16-8 in. 1978 -83 
well 6 in. 430 
17 wells 16-26 j.n. 222-415 -40 
2 wells 8 in. 267 
Z wells 12 in. 325 
well 10 ft. 30 
well 16 in. to 190, 325 

4 in. to base 
4 sand points 
5 sand points 2 · in. 52 

well 6 in. 110 
well 6 in. 145 
2 wells 20 ft. 24 
well 6 in. 75 
5 sand points 5 in. 14 
I -well 18 ft. 19 
well 6 in. 150 flows when not 

pumped 
well 10 in. 100 flows when not 

in use 
2 wells 8 in. 1,200 & 1,800 
well 14 ft. 58 -35 
well 6 in. 237 
well 13 ft. 19lh -11 to 6 

Storm Lake, 12 in. intake pipe 800 ft. into lake. 
3 wells 8 in. . 62 flow 
1 well 8 in. 65 
well 8 in. 500 -119 
3 wells 7 in. 165 
well 8 ·in. 3021 -345 

500 g.p.m. Air lift 
88,000 g.p.d. 
Cap. 2,250,000 to 3,000,000 g.p.d. each 
400,000 in 12 hrs., 1920 summer 
East well tested 670,000 g.p.d. 
Ample all seasons. In gravel 
Ample all seasons 

Ample all seasons 
Ample, reliable. One additional well in re-

serve 
Ample, reliable 
Ample, decreased in dry weather 
2,200,000 g.p.d. 
Good, ample 
Ample in all seasons. Shore Spirit Lake, in 

gravel, 1% mi. N. of town 
Max. cap. 400,000 g.p.d. In limestone 

Pump cap. 130,000 g.p.d. 

Ample 
90,000 g.p.d. 
50 g.p,m. 
Ample, pump 220,000 .g.p.d. Located lh mi. 
N. town along creek 

Settling basin, sand filters, clear well 
Est. cap. 180,000 g.p.d. Reservoir, low ground 

Pump cap. 80,000 g.p.d. 
Ample. 
Ample, reliable 
212 g.p.m. during 24 hr. test 
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Town 

Sully 

Sumner 

Suther.lana 

Swea City, 
-Tabor 

Tama 
Templeton 

Terrill 
-Thompson 

Thurman 
Tipton 

Toledo 

Traer 
Tripoli 
Underwood 
Union 

Urbana 
Ute 
Vail 

. MUNICIPAL WATER SUPPLIES OF IOWA CITIES AND TOWNS (Continued) 

Source Diameter , ' 
D,epth, feet ~e~d, feet 

well 6 'in. 325 

well , 12-'6 in. 1785 -'-10'0' 

well 8 in. 20'0' 

'well 8 & 6 in. casing 125 
Reservoir, 20',0'0'0',0'0'0', gal. 'cap. fed by 'stream at raUl of 

3,0'0'0' g.p.h. 
well 
well 

well 
1 well 
1 well 
well 
old well 
new well 
old well 
new wells (4) 

well 
well 
well 
4 wells 

well 
8 -strajners 
1 well 

20' in. 
8 ft. 

8 in. 
4 in. 
8 in. 
6 in. 

10' in. at top 
16 in. 

6 in. 
6 in. 

8 in. 
6 in. 
6 in. 
6 in. 

8-6 in. 
2 in. 

14 ft. 

55 
28 

98 
20'0' 
259 
94 

2,750' 
1,650-

425 
' 40' 

260' 
10'2 
52 
28 

1154 
,·60' 

25 

-70' 

near, curb 

-125 

Supply 

Pump can empty weH in 3 hrs. Refillij rapid-
ly; pump cap. 23,0'0'0' g.p.d. I 

Pump,ed to capacity. Air lift, cap. ~O'8,O'O'O' 
'g.p.d. 

Ample for pump (cap. 120',0'0'0' g.p.d.) all 
seasons 

Ample 

1,0'0'0',0'0'0' g.p.d. In gravel 
Seepage. 5 in. tile * mi. long. Installed 

1922. Low ground. Reserve well 8 ft. by 
26 ft. ' 

Ample all seasons. In gravel 
Good 
Ample. Estimated 125 g.p.m. 
Cylinder 82 ft. Tests 40' g.p.m. 10' hrs. 

150' g.p.m.} Air lift 
150' g.p.m. 
Practically abandoned 
3,0'0'0',0'0'0' g.p.d. Also may get water from 

Indian school 
Ample for pump (cap. 65,0'0'0' g.p.d.) 
Ample for pump (cap. 144,0'0'0' g.p.d.) 
Ample for pump (cap. 14,0'0'0' g.p.d.) 
Ample for pump (cap. 62,0'0'0' g.p.d.) Lowers 

6 to 8 ft. by pumping 
35 g.p.m. 
Ample all seasons 
Can supply pump (cap. 170',0'0'0' g.p.d:) 5 hrs. 

' Est. cap. 40',0'0'0' g.p.d. 
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Valley Junction well 
3 wells 

Van Horne well 

Victor well 
Villisca west well 

south wells (2) 
Vinton 2 wells 
Walcott well 
Walker well 
Wall Lake 4 sand points 
Walnut well 

. Wapello 10, 3 in. sand points 
Washington 4 wells 
Washta dug well 
Waterloo 4 wells in use 

1 well in reserve 

Waukon , 3 wells 

Waverly well 

Webster City 1 well 
1 well 
1 well 

Wellman 7 points 
1 well 

. Wellsbur~ 2 wells 

16 ft. 25 
16, 10 in. 37 -17 

10 to 6 in. 2300 

14 ft. 30 
10 in. 67 
shallow 

5 in. 1,290 & 1,350 
6 in: 140 
6 in. 220. 
6 &; ·4 in. 28 

13-5% .in. 2,510 -263 
" 26 

:I.5lh to 10 .in. 1,21·7 to 1,817 - 58 to 120 
3 ft. 27 

20 to 12 & 7 in. 1,365-1,409 -40 drawn 
to 130 or 167 

2, 10 in. 577 
1, 16-10 in. 910 -308 

10-6 in. 1,720 Originally Howed" 
300 g.p.m. 

6 in. 100} How 
10 in. 657' 
16-8 in. ' 1,805 -6 

3 in. 55-
...... } 20 , in. 138 

10 & 6 in. 180 

Seepage. Est. cap. 500,000 g.p.d. (in reserve) 
Pump can run 8-10 hrs. p.d. max. 720,000 ' 

g.p.d. New Sta. 14 mi. SW. old Sta. 
Ample, uniform through year; pump cap. 90 

g.p.m. 
Cap. 150,000 g.p.d. 
Ample ' 
Ample, but condemned 
Adequate all times, 400 g.p.m. Air lift 
Adequate, reliable; pump cap. 100 g.p.m; 
Ample, reliable; pump cap. 40,000 g.p.d. 
Ample, reliable. In gravel, low ground 
Ample, air .lift, cap. 400 g.p.m. 
Ample.400,000 g.p.d. 
1,000 g.p.m. 
Est. cap. 175,000 g.p.d. In use 10 years . 
J;>erforated at 870 ft. opp. St. Peter. Main 

supply from Jordan, 1200·1400 ft. Av. 
consump. 1922, 1,495,549 g.p.d. Max. 2,-
887,435 g.p.d. 

Used 1,5 yrs. no .diminution. In sandstone. 
Test 350 g.p.m. Used few. hrs. daily. In 

sandstone. 3d well failing 
Present cap. 700 g.p.m. Air lift raises 350 

g.p.m. 
800,000 g.p.d. 

2,500,000 g.p.d. 
Ample all times. In valley: Pump cap. 250,-
000 g.p.d. 
10 in. well, supply ample for pump. 6 in. 

new, will not supply pump full cap. 
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Town 

Wesley 

West Bend 
West Branch 

West Burlington 
Westgate 
West Liberty 

West Point 

West Side 
West Union 

What Cheer 
Wheatland 

Whittemore 

Williams . 

Williamsburg 

Wilton Junction 
Winfield 

Winterset 

Winthrop 

MUNICIPAL WATER SUPPLIES OF IOWA CITIES AND TOWNS (Continued) ' 

Soul'ce Diameter 

well 6 in. 
well 8-5.3 in: 
well 8 in. 
well 8 iIi. 

well 8 in. 
well, drilled 6 in. 
2 wells 12 in. old 

12 in new 

well 6 in. 

well 15 ft. 

Depth, feet 

185 
1,100 

107 
60 

190 
98 

1,018 
1,705 

186 

22 

Head, feet 

-215 
,.;.~.--

-25 drawn 
down to -90 
at 230 g.p.m. 

4 wells 10 in. avo 100 overflow soon 
, - after pumps stop 

Reservoir, cap. 3,000,000 gal. dam, earth, 300 ft. by 6. 
2 wells 4 ' in. 185 

. 8 in. 185 
" 2 wells 6 in. 160 

8 in. 160 
2 wells 6 ' in. 3~0 

3 wells 

well 
2 wells 

6 in: 

12 in. 
old, 6 in. 
new, 12 in . 

140 

1570 
185 

1,268 

-90 

-73 ' 

4 cased wells 8 in. 30; sand points in 
bottom 

2 wells 8 in. 
10 in. 

173 
177 

Unfailing 
35 g.p.m. 

Supply 

Ample all seasons 
Reduced 12% dry weather. Pump cap'. 115;-

000 g.p.d. 
Ample for pump (cap. 60 g .p.m.) 
Axhple. , In limestone 
Not affected py dry weather. Old well 1,650 
ft., filled to 1,018 in 25 years 

24 hr. test prod. no shortage. Pump cap. 35 
g.p.m. 

Ample. 'NO test. In quicksand, brick lined 
1,000,009 g.p.d., dry weather has little effect. 

, • When both pumps stop water falls to -10 ft. 
Fed 'by small streams, drainage area 3 sq. mi. 
25 g.p.m.; air lift 
Pump. cap. 70 g.p.m. 
Decreasing, filling with fine sand 
Adequate and reliable 
Ample all times. Pump cap. 50,000 and 90,-

000 g.p.d. " , : 
Supply pumps at cap. (48,00{) + 72,000 + 

50,000 g.p.d.) Screens replaced every 2 yrs. 
Ample and reliable 
20,000 g.p.d. 
'225,000 g.p.d. at test, only slight drop in 

water, level 
Ample, 40 g .p.m., not affected by dry weather: 

2 mi. S. town 

Ample from both wells 
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Woodbine 3 sand points 40 

Woodward .. __ ............. _. 

Wyoming well 6 in. 85 

Yale well 8 in. 92 

Zearing well 8 in. 99 

i1 

Test 48 ' hr. at 200 g.p.m., supply did not de-
crease, no shortage 

Supplied by State Institution, from reservoir 
at edge of town 

~30 Ample for pump (cap. 80,000 g.p.d.) 

-6 Cap. 90,000 g.p.d. 
flows Tested 100 g.p.m. 6 hrs. water lowered only 

11 ft. Ample 
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Appendix 

NOTE ON ELEVATIONS 

" 

The elevation above s~a level of the well curbs is assumed to be 
that of the tracks at the railway stations as given by Gannett,76 
except where the difference between the curb and the tracks is 
considerable and was ascertained by leveling. The elevations 
oflhe towns, as added by Lees, are those of Lees77 and were pub­
lished too late to use in the records of strata of the wells. 'r:hus .' 
in several cases a slight discrepancy may be noted between the 
elevation of a town and that of the curb of the town wells. 

BAYARD, GUTHRIE COUNTY 

CENTRAL OIL & GAS CO. PROSPECT, CONTINUED 

Devonian and Silurian-continued: 
, 'Shale and limestone, about 50 per cent of each; shale blue and green." 1320 to _________________ __________ __ = _____________________________________________________________________ _ 
, 'Shale, gray" ____________________________________________________________________________________ . ______________ _ 
, 'Limestone, gray; cuttings coarse. Small show of oil" __________________________ _ 

Dolomite, light gray, in fine crystalline granules, which dissolve slowly 

1449 
1463 
1477 

, in cold acid, briskly in hot acid; a little residue, some chert __________ 1472-1475 
, 'Limestone and shale, bluish green" ___________________________________________________________ 1490 
"Cap rock, gray, very hard" ______________ ___ ,__________________________________________________________ 1492 

Dolomite, light tan, otherwise veri simlar to sample at 1472; very small residue, mostly chert __________ ________________________________________________________ _ 
"Lime, sandy (dolomite), brown to buff' , __ ___ . _____________________________________________ _ 

"Contained oil from 1492 to 1498." 

1494 
1500 

Probably the traces of oil occurred in the lower beds of the 
Silurian. The suggestion has been made thiat the . lower beds 
penetrated belonged to the Galena-Platteville, but no shales were 
penetrated which seem to correspond to the Maquoketa of the 
uppe,r Ordovician. Moreover the thickness here assigned to the 
Devonian and Silurian-665 feet- is not enough to include the 
Galena-Platteville also, which should have a thickness of at least 
300 to 400 feet. . , 

CLARINDA 

WILSON NO_ 1 OIL PROSPECT-CONTlNUED 
Des Moines series (895 feet thick; top 297 feet above sea level): 

Shale, very dark gray, fine textured, smooth feel, no lime; sand in ~e 

76 Gannett. Henry. Dictionary of Altitudes in the United States: 4th Ed_: U_ S. Geot. 
Survey. Bull. 274. 1906. 

77 Lees. James H .• Altitudes in Iowa: Iowa Geot. Survey. vol. XXXII_ 



APPENDIX-CLARINDA PROSPECT 

frosted grains of irregular sizes; some concreted fragments of 
, whitish powder which effervesces freely in acid but leaves a large 
residue of very fine material, probably "gypsum" of driller. 
M9stly shale ,at 1540 and 1563-1568; mostly sand at 1540·1545..· 
and 1568-1575; about equal, 1545-1p63; some fragments of, shale 

429 

show small pockets of fine sand and lime. Six samples ________________ __ 154o-15~5 
Shale and limestorle; dark gray, shale finely gritty, some fragments , , black _______ . _______________________________________________ .-_, _______________________ __ ___ . ____ . ____________ ._ .. __ 1575-1580 

Mississippian system' (penetrated 420 feet; top 598 feet below sea level): 
Meramec and Osage (315 feet thick)- ' 

Limestone, light gray, finely crystalline; some dark gray shale in small 
fragments; some sand like that above (Driller's log shows that 
limestone begins at 1610 feet) ____________________________________________ . ______________ . 1614 

I,.imestone, gray, very finely crystalline, in powder to small chips, re- ' 
sponse to acid prompt and long continued, 1614-1624; in powder 
and ·fine grains, with much sand in fine rounded frosted grains, 
1624,1642; somewhat coarser granular chips below 1642 feet; 
darker g~ay, some chert, not much sand, 1647-1657; 9 samples . ___ 1614-1657 

Limestone, dark gray, very finely granular, some pyrite, ready response to acid; 2 samples ________________________________________________________________________ __________ 1657-1667 

Limestone, bluish gray; in rounded chips and granules, a. good deal of powder of gray shale ______________________________________________________________________________ 1667-1674 

Limestone, similar to above except for absence of shale, in small angu-
lar sub crystalline fragments _______ . _____________________________________________ . ____________ 1674-1680 

Limestone, pepper and salt gray, in fine angular crystalline fragments, 
effervescence fairly rapid, fine white siliceous residue, 1680-1689; 
finer, rather slow reaction in acid, 1689-1697; somewhat darker 
gray, some clayey material, 1697-1702 '; prompt reaction, 1702-
1712 ; brownish cast, 1702-1725; a large amount of white chert, 
1721-1734; somewhat lighter gray and coarser, 1725-1729; some 
clay, lp~s flint, 172~-1'740; pepper and salt gray, clean, with much 
flint, sand grains and crystalline silica, 1740-1749; finer and more 
uniform, sample nearly all silica, 1749-1754; 16 samples _______________ .168o-175~ 

Limestone, similar to above, rather dark gray, with much light gray . 
chert and some darker insoluble fragments,; a little pyrite; lime-
stone finely sugary texture; a little finer, lighter and more uni-
form of grain, 1765-1769, 1778-1792; larger chips of light chert, 
1773-1778, 1792-1796; some chips of greenish shale, 1773-1787; 
'chert same dark gray color as limestone, ' 1805-1810; nearly all 
chert and crystalline silica, 1810-1827; 15 samples _________________ __ ____ . ___ 1754-1827 

Shale' and limestone, shale dallk greenish, gritty, noncalcareous, in, 
'chips and powder; limestone gray, in powder and small chips, . 
briskly effervescent; 3 samples ____________ . ______________ . ___________________________ :_. __ .1827-1842' 

Limestone and shale, similar to above, except that limestone is pre- ' '. 
dominant; chert abundant . ____________________________ : _~; ____________________________________ ~1842-1845 

Limestone, rather light gray, briskly effervescent, very finely granular, ' 
. much chert, a few small chips of green shale; in fine grains, 1845-

1853; somewhat more irregular sizes, pepper and salt gray with 
light chert and darker gray limestone, 1853-1862; finer, more uni­
form grains, 1862-1875; somewhat clayey, 1871-1879; chert in ir-
regular chips, 1879-1885, 1890-1896; all fine and uniform, 1885: . ,": 
1890; brownish cast, much insoluble residue, partly silica; partly " '\ 
clay, 1896-1904; 13 samples ___________________________________________ . ______________________ 1845-1904 

Shale, in green chips; limestone, in gray powder that effervesces rap- ' 
idly; probably about equal parts __________________________________________ . _______________ 1904-1908 

Limestone, light gray chips and dark 'gray grains and powder; shale, .. ' '. 
in green chips, subordinate in quantity _________ . __ . __ . _______________________________ 1908-191~ 

Limestone, light gray, in small grains, brisk effervescence, some silic- , • 
eous residue; a few chips of green shale, possibly from above ____ ._1912-191Q 

Limestone, dark gray chips and powder, some flint; shale in gray chips ' 
and powder; 2 samples ___________ :~------------... ---------------------------___________ ; _________ ~91~1925 
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Mississippian-Kinderhook (penetrated 105 feet; top 913 feet below sea 
level)-

Shale, light bluish gray, very fine textured, strongly calcareous; less 
calcareous below 1943; dark gray, 1950-1955; same as at 1925 but 
not so highly calcareous, 1959-1968; 10 samples ____ : __ ______________ ___ ________ 1925-1968 

Shale, mostly light brick red, very fine textured, strongly calcareous; 
dark brick red, 1976-1979; powder of all shale samples is more 
calcareous than lumps; 3 samples _____ : _________________________ __ _____________________ 1968-1979 

Shale, gray to blue-gray, fine textured, noncalcareous; limestone, light 
gray, briskly efferv~scent, crystalline; apparently about equal, 
1979-1988; mostly shale, 1988-1996; practically all shale, light 

_ blue, calcareous, 1996-2000; 5 samples ___________ _____________ _________ __ _____________ 1979-2000 
Shale, blue-gray, hard, fine textured; at 2000-2004 feet chips show no -

reaction with dilute HOI, but when powdered they respond fairly 
briskly, also the powder of all samples reacts quickly; at 2004-
2010 chips show no reaction, even when powdered and heated; 
somewhat calcareous, 2010-2016; powder strongly calcareous, 2016-
2021; much crystalline, light gray limestone in chips and powder, 
also , some blue flint, 2021-2030; 7 samples ______________ ________________________ ____ 200G-2030 

CHARACTER 

Driller's log of Wilson No. l-continuea 

THICKNESS, FEET 
Water sand __________________________________________________________________ 5 
Lime, gypsum, sand and dark shale ________________________ _ 30 
Shale and pyrites _________________________ ,______________________________ 10 
Black shale ______ <___________________________________________________________ 15 
Pyrites of iron ___________________________________ _________________________ 5 
Dark shale ____________________________________________________________________ ' 15 
Sandy lime ____________________________ . _________ .-___________________________ 64 -
Light shale __________________ : ________________ , __________ ,,__________________ 4 
Lime ______________________________________________________________________________ , 2 
Water sand (fresh) ______________________ : ________________________ -____ 20 -
Brown -lime flint (salt water) ___________ ._______________ __ ____ 32 
Shale, sand, broken lime _____ , _____ ,__________________________ ____ 1 
Lime _______________________________________ :_____________________ _________________ 2 
Lime streaked with sandy shale ____________________ :________ 3 
Brown lime _________________ .________________________________________________ 12 
Lime, gray, very fine, drills like sand ____________________ 40 
Lime; coarse ______________________________________________ .________________ 11 
Lime, hard ________________________________________ __ ________________________ 4 
Lime, coarse ____ . ____________________ ... _____________________________________ 26 
Hard gray shale __________________________________________________________ 4 
Lime, hard ___________ , ______________________________________________ __________ - 2 
Shale mixed with streaks of lime __ ._______________________ 8 
.Lime, fine and very hard __________________________________ __ ____ 53 
Brown shale _________________________________ :______________________________ 2 
Lime, very nne ____________________________________________________________ 14 
Lime, coarse ________________________________________________________________ 5 
Lime, streaks of shale ________________________________________________ 2 
Lime, hard '____________________________________________________________________ 13 
Shale, black, mixed with lime shells ______________________ 36 
Shale, red ____________________________________________________________________ 1 
Lime ___________________________ .__________________________________________________ 2 
Shale, a trifle more red than above _________________________ 6 
Lime, gray, hard ________________________________________________________ 17 
Shale, hard, grayish blue _________________ :______________________ 4 
Blue shale ____ . __ _ . _____________________________________ . __________________ ,__ 3 
Lime, gray, hard, very fine ______________________________________ 18 
Lime, blue, hard, coarse, mixed with gray and -brown ___________________________________ ._____ ___________________ __ ______ 9 

1609 feet of 6% inch casing set at 1610 feet . 

.. 

DEPTH, PEET 
1530-1535 
1535-1565 
1565-1575 
1575-1590 
1590-1595 
1595 .... 1610 
161G-1674 

· 1674-1678 
1678-1680 
1680-1700 
1700~1732 

1732-1733 
1733-1735 
1735-1738 
1738-1750 
175G-1790 
179G-1801 
1801-1805 
1805-1831 
1831-1835 
1835-1837 
1837-1845 
1845-1898 
1898-1900 
1900-1914 
1914-1919 
1919-1921 
1921-1934 
1934-1970 
197G-1971 
1971-1973 
1973-1979 
1979-1996 
1996-2000 
2000-2003 
2003-2021 

2021-2030 
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GREENFn;LD 

' CITY WELL NO. I-':"'CONTINUED 

Since the ' account of ' the 'GreeiriiE;lld well wa~ written (pages 
211 to 215) drilling has 'been resumed arid has now reached the 
depth of 3280 feet (June 24,1929). It will be noted that at 2420 
feet the drill .passed out of the dolomites and limestones of, the 
Silurian in which.it had been working into a reddish shale, which 
may be compared with . the red arenaceous shale at Stuart at 
1865. feet which was referred to the summit of the Maquoketa 
shale. -The. drill then entered a bed of chert, dolomite' and quartz 
sand which continued to 2455 feet, the last of the samples de­
scribed. Much trouble was encountered here from caving and 
two drills were lost. 

When the !irilling was resumed and the well W1as cleared out, 
better samples' of the caving stratum were obtained which proved 
it a cliert conglomerate. 

. . . 
. .:Record of strata-Continu-ed . . 

Roing formation, Maquoketa (') . 
Conglomerate; chert, pebbles up to 2.8 cm., surfaces worn and so'fter 

than iron; shale, buff; a pebble 1.5 cm. of limestone, white, gray 
and gre,e:qish, in.!llosing bits of. whitE!. flint, quartz sand and a little 
greenish clay. Sample said to have come probably from ................ 2429-2475 

Chert, white, some. gray, SOp:le. with fiI!ely .pi.tted, s.lgfaces as from the 
removal of fine grains of ' quartz sand; crystalline quartz.; lime· 
stone, wh,itish, rapid effervescence; much fine well rounded quartz I 

sand; a little shale in fine chips, green, drab and b~ight . buff . . 
Drillers could not be , sure t.hat the drill had yet passed through 
the 'fill and had reached rock .......................................... ~ ..................... 24,75-2482 

As ~bove .......................................................................................... , ................... 2482-2487 
As above ................... , ................................. \ ............. _ ................ ,.-: .................... 2487-2492 
Sandstone, gray in mass, grains well rounded and fr6sted, largest 

about 0.75 mm.; much white and gray chert i limestone, white, 
rapid effervesceI).ce; considerable shale as abo,:e ............ , .......... , ...... 2492-2497 

Shale, blue· green and drab, noncalcareous, in flakes; c.hert, san.4stone 
and limestone as above; 2 samples .................... : ................................. 2497-2517 

Sandstone, as above; some blue·green shale and wliitish limestone of 
rapid effervescence, fossiliferous (fra~ents of ,bra!lhiopod and 
crinoid stem) .............. , ............................................................................. 2517-2518 

Sandstone as above; much ch.ert in chips; chips of green and red shale .. 2522'-2537 
Chert and siliceous dolomite, light gray; in chips, with quartz sand as 

above ............................................................................................................ 2540-2554 
Sandstone as at 2492; much light gray chert with disseminated min· 

ute pyrite crystals .. : ............ .' .................................................................... 255~2560 
Sandstone as above;· butf in mass; some chert ........ , ................................... 256D-257.0. 
Sandstone as above; some chert and light way limestone, earthy, argil· . , 

laceous, rather slow efferNescence ....................... : ..... : ................. , ........ ,.257{}:-2575 
!;!andsto~e . as above, a little lim(,lstone and chert... ....................................... 2575-2580 
Sandstone, as above; dolomite without inclusions of quartz grains '; 

some chert; shale, gray, in fla..kes and powder .................. , ................... 2580-2615 
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Shale, gray, in friable · masses concreting many chips of gray chert, 
fine quartz sand of rounded grains, and some dolomi.te., .................. 2615-2622 

Sandstone, grains well rounded and frosted, larger, grains about 0.4 
mm.;. shale gray, medium dark and light, ,calcareous, in chips; . 
considerable chert; some dolomite and pyrite; 2 samples ................ 2622-2650 

• Sandstone, buff in mass, grains rounded, larger ·grains about ~.5 mm.; 
considerabl~ dark gray and brownish shale in chips .......................... 2650-2660 

Shale, light gray:brown, calcareous r~action with dilute HCI; consider· 
able quartz . sand as above ........................................................................ 2660-2670 

, Galena·Platteville (280 feet thick; top 1300 feet below sea level)- . 
Dolomite, gray and light gray; 2 samples ......................... :, ....................... 2670-2690 
Dolomite, light gray, much white chert; 3. samples .................................... 2690-2720 
Chert, white, crushed to fine sand ; some dolomite; 7 samples ................ 2720-2780 
DQlomite, buff, light buff and gray; considerable chert i all in sand; 

some epherules of pyrite .......................................................................... 2790-2800 
Dolomite, buff, in clean sparkling crystalline sand ..................................... 2803-2815 
Dolomite, buff, brown and gray, with some chert; 8 samples .. , ............... 2815-2910 
Dolomite, buff, light brown, in clean crystalline sand; a very little 

white chert; 2 samples ..... : ........................................................................ 2910-2930 
Dolomite, blue·gray, in small chips ................................................................ 2930-2940 
Dolomite, gray·buff; imbedded grains of fine quartz sand and some . 

, pyrite ................... , ........•................................. : ......................... ~ ................. 2940-~950 
Glenwood shale (33 feet thick; top 1580 feet below sea level)- . . . 

Shale, dark green, hard, in flakes, very slightly calcareous, pyrite ........ 2950-2960 
Shale, light blue· green, in flakes and concreted masses ............................ 2960-2970 
Dolomite, 'buff, in fine sand, much dark green shale in flakes, some fine 

quartz sand po'orly rounded, some grains seen imbedded in flakes 
of shale ...................................................................................................... 2970-2983 

Saint Peter sandstone (17 feet thick'; top 1613 feet below sea level)­
Sandstone, white grains well· rounded, frosted, larger grains 0.6 to 0.7 

mm.; 2 samples ........................................................................................ 2983-3000· 
Prairie du Chien-

Dolomite, light buff and gray ........................................................................ 3000-3010 
Dolomite, light buff in mass, much fine rounded quartz sand, much hard 

dark green shall) ........................................................................................ 3010-3020 
Dolomite, buff, rusted, much quartz sand as above; 3 samples .............. 3020-305.0 
Dolomite, gray, some very fine quartz sand ................................................ 3050-3060 
Dolomite, gray and white ; white chert; quartz sand, some grains im· 

bedded in dolomite ... : ................................................................................ 3060-3070 
Dolomite, light gray and gray, some very fine quartz sand; 3 samples .. 3070-3100 
Marl, light gray, in friable masses of cemented powder, . argillaceous, . 

calcareous, with microscopic quartzose particles ................................. 3100-3110 
Dolomite, light gray and buff (rusted) in ;mass; very fine quartz sand, 

some fine rounded; 2 samples ................................................................ 3110-3130 
MinI, light gray, as at 3100' ............................................................................ 3130-3145 
Sandstone (New Richmond), gray to reddish brown (rusted), very fine 

. . to medium, many grains not well rounded, some secondary en· 
largements, dolomitic, some imbedded grains, some oolite at 3160; 
4 samples .................................................................................................... 3145-3185 

Dolomite, gray, much quartz sand, grains fine to medium; not well 
rounded; 4 samples ........................... _ ..................................................... 3185-3220 

Dolomite, gray, in fine meal;' 4 samples .............................. :: ...................... 3220-3280 

. Notes.-Comparing the geological section at Greenfield with' 
that disclosed by the deep well at Stuart it will be seen that the 
Pennsylvanii3.n has thickened to the 'south-southwest and ,that 
its base has declined from 390 feet above sea level at Stuart to 
40 feet above sea level at Greenfield. 
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The Mississippian is als'o somewliat" tHIcker at Greenfield and ' 
the base of the shale r~ferred to the Kindernook is 395 feet lower 
than at Stuart. 

The base of the Silurian dolomites" is placed at Stuart at 660 
feet below sea level, while at Greenfield it is placed at 1055 feet 
below sea level. This marked south-southwestern dip together 
with the downthrow of the Thurman-"Tilson fault is taken into 
considera,tion in determining both the Galena-Platteville, ' the 
Glenwood and the Saint Peter' of the Greenfield section. 

The forecasts of the depth to the Saint Peter at Greenfield 
(page 214) were based especially on the wells at Stuart and Ne­
braska City. , On the scale of the Stuart well, allqwing 1561 feet 
from the top of the MIssissippian to the Saint Peter, the Saint 
Peter woul9,be struck at Greenfield at 2891.feet from the surface. 
On the scale of the Nebraska City well, allowing 1763 feet for the 
s;ame distance, the Saint Peter would be encountered at 3093 
feet. In fact the Saint Peter was found about 'half way between 
these estimates-at 2983 feet. 

The Silurian is dIstinguished, as often, by' its gypsum, although 
no marked beds of the mineral were encountered. Near the base 
the dolomite becomes arenaceous. 

Both a.t Stuart and at Q-reenfield the beds underlying the Silur­
ian dolomites are distinctly different from the Maquoketa shale of 
eastern IoWla., although the beds contain much shale. The Green­
field section in partiCUlar recalls the Hoing sandstone and still 
more the conglomerate found .in places below the Saint Peter 
sandstone. The caving stratum above 2475 feet is cleaJ.'ly a con­
glomerate of chert pebbles, limestone, shale and quartz sand. 
The inferIor beds with their mIxture of these matedals may be 
also of the same nature, but allowance must be made ' for caving 
of the upper stratum. Apparently we have here for the m,ost 
part a continental formation or' a basal conglomerate, later In 
ag-e than Maquoketa time. The same mingling of chert; , lime..: 
stone and rounded quartz sand' was found ' at this horizon at Des 
Moines, Centerville land Sigourney. At Des Moines, Centerville 
and' Shellsburg, though not at Washington, the sand of thIS 
t~rrane is of well rounded grains, in thi~ respect similar to the 
Saint Peter sand and that 'Of theN ew Richmond and J ,ordan. 



.. 
. IOWA GEOLOGICAL, SURVEY, VOLUME XXXIII 

ADDENDUM TO GREENFIELD WELL, PAGE 433 ' . . 
The Greenfield well was successfully finished by the Layne-Bowl~r Chicago Coo, July 

.6, 1929, at a depth of 3435 feet (343i by newspaper reports): - Probably it will hold 
for man)' years the. tecord of bein~ tlie iieep~st w~ll i¥ Towa_ ,. I~ was begun March 
31, 1927, and is reported to have cost the cont,ractors $64,000, although the original 
contract price was $36,000. 

Record of strata, continued from page 4SS 

Prairie du Chien-continued- DEPTH IN FEET 
Cuttings washed away ______ ~~ _______ : ___ .: __ : __________ : _____ : _________ : _____ :_~ ____________ . _____________ 3290-3345 
Dolomite, light gray in mass, arenaceous, grains fine, mostly broken; . 

. pyritiferous; 2' sa.mples ____________________ ! __________ ~ _______________________ ~ _________ • __________ 3345-3360 
Dolomite, whitish, in fine meal; quartz in minute grains; 3 samples ______ 3360-3390 

Jordan sa;ndstone (penetrated 45 feet, top 2020 feet below sea level)---: 
Sandstone, li"ght yellow-gray, dolomitic cement, in fine chips and de­

tached grains, larger grains 0.5 to 0.75 mm. in diameter, imper-
fectly rounded; 2 samples ___________________________________________ , .. ________________ .. _______ 3390-3410 

Sandstone, light . buff in mass, dolomitic, '''hard, wears hit fast'.', . 
largel' grains less than 0.5 mm. in diameter, imperfectly rounded; 
2 samples . ______ . __ .... ___ ____ __ . ____ .. ____________ .... _ .. ____ __ .. __ ___ __ __ , ______ _____ . _______ : ______________ 3410-3425 

Dolomite, light gray,' in chips, argillaceous, minutll quartz particles in ' . . 
residue; shale hard, drab, in flakes _______________________________________________ .. _____ 3425-3430 

Sandstone, gray, fine, highly dolomitic, grains imperfectly rOUlided, 
" 'hard, wears bit fast" _____________________ .. ________ .. ____________ .. _____ .. ____________ .. _____ .3430-3435 . 

It will be noted ,that the thickness assigned to the Prairie du Chien is 390 feet, a 
normal thickness for this formation. The sandstone at 339Q feet thus falls in Wi.th 
the Jordan stratigraphically, although in its fineness and poorly ro~ded grains it 
differs lithologically from the Jordan in its northeastern sections. 

While the Greenfield well is 414 feet deeper than that at Stuart it reaches only 435 
feet below: the base of the Saint Peter sandstone, while the Stuart well reaches 607 
feet ' below that level and penetra.tes the Franc.onill, represented by a typical sand­
stone . o{ min~te angular par~icles not found in any of the samples of the Gi'eenfield 
welL Glaucon.itic shales, characteristic of some beds of the Franconia, were not 
found at either locality. 

The static level had stood at 505 ieet below .the surface of the group.d,' 865 feet 
above sea level, before the drill struck the Saint Peter sandstone_ On reaching that 

. formation the static le'l:'el fell to 592 feet from the sUl'i'ace, 778 feet above sea level, 
and so remained Ulltil the completion of the well.. It will be noted ~hat the static level 
of the well at Stuart stands at 860 feet above sea level, approximately the head of the 
upper waters at Greenfield, a fact most efsily explained on the supposition that the 
upper waters at Stuart !lore not effectively cased out . . 

On the final test the pump discharging 60 g.p.m., with the cylinder set six feet nine 
inches below the water sUl'f~ce, ";failed to lower the level sufficiently to su~k air'!. 
A ~ewspaper -item reports that the city council accepted the well" providing the com­
pany installs a Sullivan air lift pump of 200 g.p.m. A 150 h.p. motor will be 'I'e­
quired to operate the pump". 

A similar item reports the popular opinion as to the potapility of the water: " The 
first water ·out of the well was clear a~ crystaL It had a slight miiIeral taste which 
was not objectionable. In fact it was better tasting water than. that now being . used 
by the city." 

Chemical analyses of the water of the Greenfield well. 

Analysis no. 1, by the Dearborn Chenucal C~: of 'Chicago, depth of well '2500 feet, 
water believed to enter . the well at 1600 feet. For the detailed ana.'lysis see page 212 . 

• 



KEOKUK WELL 

. . GRAINS PER GALLON 
Total mineral solids' : ............. : .... ; ................................. :: ............. :............. > 120.888 
Organic matter ........ : ........................ ,L ............................... : .............. : ..... 1. Tr. 
Total incrusting soli<;ls ............ c................................................................. 31.888 

· TO,talnon'incrusting sollds .............. ~ ... ,................................................... 89.000 , .. . 
Pounds incrusting solids p'er 1000 U. S. gallons .................................. 4.55 • 
Pound~ non·incrusting solidS per 1000 U. S. gallons .......... ~.. ......... . ... . 12.71 . 

Analysis no. 2, by Dr. J. B. Culbertson of Cornell €ollege, Iowa. SaJIlple re!le~v~d ' 

June 24, 1929. Depth . of well 3280 feet, water of sample said to have been taken 
from level of 3160 feet . • All waters a~ove. the S~ip.t P~ter sandstone cas.ed out. 

An.alysis no . . 3, made by ·Dr. J. B. Culbertson, Cornell College, Iowa. Sample reo 
ceiv:ed, at labo'ratory July 3, 1929: .Depth of well 3435 ·feet, water: of ~amp'le said to 

· ha~e been taken from the level where the ~uttings washed, away, at .abo,ut· 3300 feet .. 

A~AL. No. 2 ANAL. No.3 
GR. PER GR. PER 

. P .P .M . GAL . . P .P .M . . GAL. 
Silicon ..... : ............... _................................................................ 13 0.7() 12.5 0.73 
Iron and aluminum oxides (mere :trace of iroll? ' ............ .. 2 0.12 5 0.29 
Calcium .................................................... :............................... 142 . S.29 144 . . I 8.41 
Magnesium ........................................ : .................................. :... 69 4.03 72 4.21 
Sodium ............................................ : ............................... : ........... 316 18.45 394", 23.01 
Potassium ........................... _ ..... _............................................ . 27 1.56 28.5 1.66 . 
Sulfate ......... _ ................................................. _~ ..................... 769 44.91 774 45.20 

· Chloride ............................ : ............ .: ......................................... 309 18.05 411 24.00 
Bicarbonate (determined by acid titration) .................... 206 12.04 222 12.97 
Total solids ............... ~ ............................................................ 1750 108.23 1952 120.48 
Temporary hardness .......................... : ............ : ...... _ ............... 169 ' 9.88 182 10.63 
Permanent hardness c .............. , .............................................. 4'(0 27.44 474 27.68 
Total hardness .............................. , ......... : ............................... 639 37.32 656 38:31 

(Hardness cal~ulated as calcium carbonate) 

KEOKUK PURE ICE CO. WELL NO . . 2 

This well, 1799 feet deep, was drilled by .c. w. Varner of Dubuque and cOlll,pleted 
in 1929. The diameters are .12 inches for 180' feet, 10' inches to 806 feet, and 8 inches 
to bottom. The main supply was found from 1749 to 1799 feet. A small amount, 
l'eadily bailed down, came in at 63~ feet. The Saint Peter sandstone was dry. On 
completion the natural :flow measured 210 g.p.m., and with the air lift placed at 110 
feet a discharge of 480 g.p.m. was obtained. The static level was 12 feet below the 
curb until -the casing was inserted to 180 feet, the only casing in the well. From this 
level to 632 feet it was necessary to put in water for drilling. From 1232 to 1749 
feet water stood 40 feet below the curb and could be · bailed down. The static level 
of the main :fl.ow was not determined'. ' The temperature is 67° Fahr. 

Fill .......................... 0·11 
Gray shale .............. iI·16 
Soft white lime ...... 16·89 ·' 
Hard lime .. t............. 89·139 
Sheny lime .............. 139·149 
Hard lime. ............... : 149·177 
Gray hard lime ...... 177·198 

Driller's 10 if 
Shale ........................ 198·203 
Hard lime .............. 203·213 
Shale ........................ 213·226 
Harll lime . ............. 226·303 

~~~3 iJ;D;;·::~::::::r: : ~~~:g~~ 
Sandy lime ............... 673·708 

Hard brown lime .... 708·773 
Sandy lime .............. 773·804 
Lime and brown sand 804·845 
Saint Peter sandstone 8il5·935 
Hard lime .............. ·935·981 
Shale ........................ 981·983 
Hard and soft lime .. 983-1749 

Record of . strata, well no. t, K eokuk Pure Ice Co., 19t9 
(Elevation of .curb, 580' teet above sea level) 

DEP';rH IN,F,EE'l' ,.J 

No samples .............................................. , ............................... :.................................. 0~80 

Mississippian (440 feet thick; top 500 feet above sea level) : 
Keokuk formation, MontrOse cherts (100 feet thick)- • 

Limestone, gray, mottled, macroorystalline, fossiliferous, rapid ef · 
fervescence 'in cold diluj;e HCI, in :fla.kes; chert, blue speckled 
dal,'ker; shaJe, drab, calcareous ' ........................................................... .. 

Limestone, ~igh~ yellow·~ray, ~rai:J.ul~r; chert, white and blup .............. .. 

• 

80 . 
90 j 



.. 

KEOKUK WELL 

Chert, 'white, I intermingled with limestone,. large chips ' ....... ~ ................... . 
Limestone, whitish, :qtacrocrystalliile, rapid effervescence , ...................... . 
Limestone, very light yellow· gray ; some ·chert r ................... : ...................... . 

· Chert, whitish, large flakes, 140, 160; in small chips, some light yellow· 

1do,110 
120 
130 

gray limestone, 150; 3 s!\mples ! ................ , ... _:.; ......... ~ .......................... 140-160 
No' sample ....... _ ...... __ ................................ _ .. : .............................. ,................... 170 

Burlihgton and. Kinderhook ,limestones (120 feet thick; top 400 fe~t 
. above sea .level)- . 
Limestone, very light yellow'gray, macrocrystalline·earthy, in small 

chips) rapid effervescence ........................................... _ .......................... . 
. Limestone, light buff, granular, in large chips, fossiliferous, rapid 

· effervescence ....................... .:. .......................... _ ....................................... J. 

Shale, blue and olive·green, calcareous ......................... : ......... : ...... _ .............. . 
, Shale, drab, ill flakes .. , ................................................... : .. _ ............................ . 

Sandstone,-blue, argillaceous, calcareous, grains minute, in chips; some 
light yellow·gray limestone ................................................................... . 

No sample ........................................ , ... _ ........................... , ............... _ ........... ; .. . 
Dolomite, buff. and brown; granular, in small chips; limestone, ligh.t 

· yellow·gray, .fine granular, soft, .rapid effervescence; 4 .samples ... . 
Limestone,. brown, calcilutite, rapid effervescence, in flakes ................. . 
Limestone, brown,- soft, granular, moderately rapid effervescence ......... . 

Kinderhook shale (220 feet thick; ~op 280' feet above sea level)-

180 

190 
200 
210 

220 
2~0 

240'-270 
, 280 ' 

'290 

Shale, darlLblue'gray, highly calcareous, in large flakes .......................... 300 
Sliale, in concreted masses, blue gray; 6 samples .......... : ................. ,........... 310-360. 
Shale, in· concreted masses, -drab, oliv.e, some blue; at 380; inciudes 

brown inflammable chips; ·12 samples ........ ; .................. : ...................... 370-500 
No sample .................. : ............................................................. _.......................... 510 

Devonian (120. feet thicji; top 60 feet above sea level) : 
Limestone, dark graJ' in mass, some buff and gray, rapid effervescence, 

fossiliferous ............................................................................................... 520, 530 
. Limes.tone, medium dark slate color, fine· grained, pyritic, rapid ef· 

fervescence, fossiliferous : ........................................................ , .............. 540, 550 
Lim~stone, dark. gray, laminated, very fine·grain~d, ' rap~d effervescence, . 

m flaky chips .................................... , ....................................................... 560,570 
Limestone, light yellow· gray and brown, rapid effervescence, in fine 

chips; 3 samples ................. : .................. : ..................................... ~ .......... 580-600 
.Limestone, light brownish gray and brown, calcilutite, laminated, in . 

· flakes and sand; 3 sample.s .................................................................... 610-630 
Ordovician : ' . . 

Galena·Platteville limestone (210 feet thick; top 60 feet below sea level)- . 
DOlomite, buff, brown and 'yellow'gray, granular· crystalline, notably 

cherty at 680, at 810 sample includes dark chocolate·brown inflam· . 
mabIe shale; 20 samples ............ : ............................................................. 640~840 

Saint Peter sandstone (140 feet thick; top 270 feet below sea level)­
Sandstone, white (light yellow·gray in mass), fine, grains poorly round· 

ed, many secondary enlargements, some of largest grains reach 
. 0.75 mm.; some light yello~v·gra'y dolomite ........... ,............................ 850, 860 

Sandstone, white or light yellow·gray in mass, TIlle irregular graIns; '. 
7 samples ..... ; ........ , .................................... : ................................................ -870- 930' 

Sandstone, yellow·gl·a;y in mass, coarser, larger grains up to l · mm., 
m,ny grains frosted and well rounded ....... _..................................... 940 

SandstQne, white, fine irregular grains ........................................................ 950 
· Sandstone, white, fine, but including well rOlJ.w:led grains up to 1 mm: . 
· diameter; 3 samples .... : ........................................................................... 960-980 

Prairie du Chien (760 feet thick; top 410 feet below sea 1evel)-
Dolomite, light buff, some dark green shale in chips ~see log) ; consid· 

· erable .quartz sand in cuttings as in all to 1370 ................................ .. 
Dolomite, light grayi.sh brown, in mass considerable white c1;lert; 3 

990 

:: DOlo:I~t~eii~;;:g;~y··::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;:::::::: :::::::::::::1~00-~~~~ 
Dolomite, gray, arenaceous, imbedded grains, some chert ........................ '1040 
Sandstone, light yellow·gray in m~ss, fine, ill·rounded grains, many 

secondary enlargements; a second sample from this depth .con· 
tains .dolomite ............................................................................................ 1050 

Dolomite, gray, cherty; 4 samples .................. : ...................................... : ........ 1060'::1100 

- . 



Dolomite, 'gray and ]ight buff'gray; 3 samples ........ , .... ,." ..... ,-....... ~ ., ........ '1l20-1149 
, No samples ................................. _, ................... : ....................... .- ....................... J.1qO-+ 1200 
Dolomite, grayish bro~, very !lherty, ........... : ....................................... , .. :... 1210 
No saIl1Ples ........ , .......... : ............ , ... .-.-.. , .. , ............... _ .. _ .... ,.,- ........... , ........ --......... 1220-1320 

f Dolomite, gray an~ grayish brown, cherty, 1339, 1340; gray ana, . whit: 
ish.; 1350; silicious oolite, 1360; 4 samples .......................................... 13aO-1360 

No samples ...... ::: ..... : ... : ... _ ................... , ............................ _ ............................... 1370-14 70 
Dolo,mite, light ' g'ray" crystalline; ' white chert; some sporadiG' among, . 

, dolomite crystills .. ~ ..•........... ;: ...... , ............. _ ........................ _ .................. .-1470, 1480 
Dolomite, gray, brownish gray and yellow· gray, more or less chertj; 

14 samples .: ............. :...: .................. : ....... _ ..... _ ................... ,' ...................... 1490-1630 
Dolomite, light gray, a few grains of quartz sand in cuttings :............... . 1640 
Dolomite, very light gray, arenaceous, ' grains fine, rounded, ,some with , 

'suri-ounding co:ncent rrc rings in matrix as in oolite; cherty ............. 1650, 1660 
Sandstone,' warm yellow· gray, dolomitic, .larger g~ains of 1 mm. diam; 

eter, rounded, in chips and detached grains ............. , ....... __ ................ 1670 
Dolomite, very light gray, sporadic fine grains of quartz ........................ 1690 
Dolomite, yellow·gray:, highly arenaceous,. grains fine , ....... - .... - .. -........... . 1700 
Dolomite, whitish, in flour .. _ ..... _ ............... _ ................................... _ .............. 1730, 1740 . 

Cambrian : . ' 
Jordan sandstone (f) (penetrated 49 feet; top 1170 feet below 'sea level)~ 

Sandstone, light bu,ff, dolomitic, . fine to medium; some chert ' .................. 1750 
Sandstone, light yello:w·gray, dolomitic cement, grains rounded, some 

with secondary enlargements, larger grains about 0.8 mm. in diam· 
eter, in .chips .................... ;, ............. _ ................................................ __ : __ .. __ 1760 

Sandstone, yellow·grl!-y, dolomitic cement, grains fine, rounded __ .. ______ .: __ 1770, 1780 
Sandstone, light y~liow·gray, grains minute" poorly rounded __ . ___ .--'- ____ . 1790 

. Notes.-The samples of the cuttings of this. well ·!Confirm the conclusions drawn 
from those of other recent w.ells of Keokuk (pp. 234·8) and help to clear up a dubious 
geological section. They establish, in the log of the famous early Hubinger well, the 
reference by Gordon, :Keyes and Norton of the heavy sandstone at 303 f eet below sea 
level to the Saint Peter, and hence of the underlying dolomites to the Prairie du 
Chien.· The' ' Oriskany sandstone" and the "Niagara sandstone" of Gordon, * how· 
ever, are left entirely .unsupported. Nor does the reference of these supposed" sand· 
stones" and the " sandstones" of similar hori~ons of other well logs at Keokuk .to an 
upper memb",r of a bipartite Saint Peter sandstone , fare any better. None of the 
four wells at Keokuk whos.e cuttings )lave been examined by, the writer shows any 

. trace of sandstone between the base of the Kinderhook and the su=it . of the Saint 
Peter, or, it may be added, of a Maquoketa shale. If any of the logs reporting ' 
, , sandstone" and "shale" at these horizons are correct, there must be in this area 
an interesting unconformity which leaves in certain places the Maquoketa shale and 
Hoing sandstone more than 100 feet thick, while elsewhere within the city limits both 
have been entirely cut away. . 

It will be noted that in the absence of the Silurian and the Maquoketa the char· 
acteristic calcilutites of the Wapsipinicon stage of the Devonian rest directly on the 
rough dolomites of the Galena. .As at Donnellson the Galena·Platteville is 'wholly 
dolomitized and embraces no shaly beds. The Glenwood shale, as ' at Donnellson, is 
absent, or represented by a thin dolomitic sandstone here placed with the Saint Peter. 

Throughout the K eokuk area the Saint Peter sandstone is noteworthy for its thick· 
ness and in this well section for its fineness of grain, with secondary enlaligements 
common, and especially for the exceptional and unpredictable fact that it was found 
dry. In the well of the Electro·Metals Co., for example, the Saint Peter's natural 
flow is 294 g.p.m. (p. 234) . Thus it became unexpectedly necessary to drill to the 
water beds which supplied the once-famoy.s wells of J. C. Hubinger & Co., wells whose 
natural flow at one time furnished power for a hydro· electric plant -:fo.r city lighting. 

The illterpretation of the beds below the Saint Peter sandstone is made more diffi· 
cult by two gaps in. the sample cuttings aggregating 150 f eet. As the Prairie du 
Chien thickens southward and at Burlington reaches a thickness of 565 feet, it may 
perhaps safely be assigned at Keokuk a thickness of 760 f~et. The water· bearing 
sandstones frqm 1750 feet would thus fall in with the Jordan . . Certainly the glaucon­
itic beds of the Franconia, struck at Burlingto.n ,935 feet below the base of the Saint 
Peter, were not reached at Keokuk 'when the drill stopped 809 feet below the same 
datum. . 

* Gordon, C. R., N~tes '~~ the Geology of Southeastern Iowa: Am. Geol., 'Vol. 4, pp. 237·9. 

.. 
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OGDEN, BOONE CO'9N,TY 

CITY WELL NO. 2-CONTINUED ' 

Cambrian, continued: 
Saint Lawrence, Franconia beds, continued-

Shale, gray , and plive·green, hard, finely laminat~d; and sandstone, 
gray, glauconitic, grains minute, calcareous, of rapid efferveseen~e, 
some finely laminated .............. ' ................................. : ................................ 2!il0-2620 

Sands~one, gray, grains minute, glauconitic, calcareous; . some shale; . 
3 samples , ................................................................................................... 2620-2650 

Sandstone, . as above, grayish buff in ma~s ... , ........... _ ................................. 265Q-2660 
Sandstone, as above, greenish in mass ................................................... , .... 2660-2670 
Sandstone, gray and light buff, grains 'minute, ' highly dolpmitic; , 

2 samples ... , .......... , .................................................................................... 267{}-2690 
Sandstone, brown in mass, grains fine, rounded, highly dolomitic ........ 2690-2700 
Sandstone, light buff, gray in mass, grains fine, dolomitic ...................... 2700..,2710 
Sandstone" light gray, highly argillaceous, dolomitic, grains minute to 

fine; some dark fissile shale ...................... : ............................................. 2710-2720 
Dresbach sandstone (90 feet thick, top 1626 feet · below sea level)-

Sandstone, very light gray, clean quartz grains, fine, not well rounded; . 
2 samples ...................... : ................................. :.: .. : ................ : ..................... 2720-2740 

- ,Sandstone, yeIlo;w·gray, clean, larger ,grains up to 1 rum.; many well 
rounded ...................................................................................................... 2740-2750 

Sandstone, as above, coarse, grains up to 3 and '4 mm ............................... 2750-2760 
Sandstone, as .abo:ve, grains up to 1.5 rum.;, some concreted friable 

masses of brown sandy shale at 2780; 5 samples .............................. 2760-2810 
Eau Claire, or inferior Cambrian formation (42 feet penetrated, top 1716 

feet below sea level)-
Sha1e, or argillaceous sandstone, reddish buff, in friable masses, non· 
_ calcareous .................................................................................................. 2810-2820 

No sample ................................................................................. _ ....................... 2820-2830 
Sandstone, buff.speckled dark, fine to medium, mostly of broken quartz . 
, grains, ~ome rounded, much ochreous material, some as sph,ericlLl , 

- crusts inclosing sand grains, glauconitic, magnetic .......................... 2830-2835 
Sandstone, as above, but darker; with a ' larger proportion of non· 

quartzose material ........ _ ........................................................ 2830-2840 and 2845 
No' samp,les ...... = ........................... : ................................. : ..................................... 2845-2852 

. The sample at 2845 was submitted to Professor A., C. Tester of 
the state Univ~r~ity of Iowa, who writes '~I!der date of Apr.il 7, 
1929: ' 

,"I believe you are right in calling ,this' formation the' Eau 
Claire. , 
- I am ,satisfied that th~ material is from a s~dimentary fo'rma­
Hon, ~hat is a sandstone" which has been transp.o~ted ~nd depQsit­
ed in ' this 'place with considerable sorting and reworking from 
its source. However, ' certain minerals indicate a contributing 
source of a-rather 'basic igneous rock, possibly a gabbro intrusive 
type. I find some olivine, a very few grains of plagioclase feld­
spar (highly weatheNd)" considerable serpentinEl and much well 
rounded ()r ~orn magn~tit.e. , SO,me 0.£ the grains of magnetite 

_ show :w.eat~erin~ to h~~atIte.. O~h~r ~~,e~als J.>re~ent , i~ ~~all 
quantItle~ a.re, mUSCOVIte, garnet, ZIrcon, tItanIte, Ilmemte land 
leucoxene -( 1) . 
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The quartz is both well rounded and pitted and fresh angular. 
Much of the latter is due to breaking of rounded grains. The 
large amount of rounded quartz I do not believe cam~ entirely 
from overlying horizons, though there "Vias undoubtedly some 
contamination of this horizon from above. 

In addition to the minerals given above, I find good fresh glau­
conite in considerable abundance. I believe this is significant 
and indicates the accumulation of the materials in marine waters 
of moderate to shallow depth. The black clay also contains 
grains of glauconite. The sample also contains 15 to 20 per cent 
of magnetic iron and iron minerals. Some of tliis is reaq.ily 
recogniz.ed as fragments from the drilling tools or casing, but 
about 5 per cent is magnetite and considerable is a ma.gnetic iron 
oxide' scalelike concentration which I believe is a cementation OF 
concretionary phenomenon. I have noted this condition in the 
field in sandstones of Vlarious ages. 

I do not .believe this horizon is closely associated with the pre­
Cambrian rocks, but instead is a regularly deposited sandstone 
of characteristics slightly different from the normal type as al­
ready indicated. At the'same time I would not be surprised if the 
pre-Cambrian rocks were encountered within a relatively short 
distance below this horizon, as igneous rocks were at hand not 
fa.r distant when this bed accumulated." 

WAUKEE,DALLASCOUNTY 
Altitude of cul/'b about 10tO feet. 

In 1922 Thorpe Bros. W €ll Co. began drilling an oil prospect 
on the Forette farm, three miles south and one mile east of Wau-

, kee. Rose and Son were subcontractors for part of the work. The 
bore was sunk to a final depth of 2006 feet, this depth being 
reached on January 30, 1923. Six and five-eighths inch casing was 
set at a depth of 1786 feet: Drilling was carried on through a 
hole full of water from a depth o~ 1792 feet . . These heds carried 
salt water. 

Driller's log of Seibel oil well , 

THICKNESS, FEET 

Surface soil ........ _ .................... : .............................. :..... 3 
Yellow clay .... , ......................................... _................... 20 
::land and gravel-small amount of water .............. 2 
Yellow clay ........ _ .......................................... _............. 15 
Sea mud .................................................. __ ................... 20 
Hlue clay ...................................................................... 1 
Bea mud ...... _ ......... __ ....... _ .... __ ...... __ ............................. 11 
Blue clay ..................................................... _ ... :............ 8 
Sand .. _ ...... __ . ____ . ____ ................ __ ................................... __ . 20 
Blue shale .: __ .. __ ........ __ ... __ . __ ..... __ ... __ .. __ ........ ____ .... _ .... ____ . 20 
Red shale .... ______ ...... __ ... __ .... __ . __ .... __ ........... __ ...... __ .. _....... 27" 

DEPTH. FEF.T 

0-3 
3-23 

23-25 
25-40 
40-60 
6U-\H 
61-72 
7:l-80 
80-100 

100-120 
120-147 
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Blue shale ..................................................................... . 
Red shale ................. : ... : ......... : ...................... ~ ............ ~ .. ~ 
Blue shale , ................................. : ..........•. 1 ••••• : ••••••••••••• :. 
Dark shltle .. , ............... , .................... , ... , ..................... , .. , 
Red shale .................................................................... ,.: 
illue shale .: .................................................. : ........... ~ .. : 
Light shale ................................ , ................................ , . 

~i;: ~~~~;~~:::::::::::::::::::::::::::::::::::::;::::::::::::::::::;::::::::::: 
Fi re clay ............... : ... : ................................... , .. c ••••••••••• 
Dark Ilhale .................................... ,., .......... , ............. , ... . 

, Coal ........................................................... : ................. . 
Fire clay ................... : .............. :.~ ....... : ...... ; .... ~ .............. . 
Shale , .................................•.......................................... , 

~1:ee ~~~fe .. :::::::::::::::::::::::::::::::~::::::::::::::::~::::;::::::::::::; 
Sandy shale .................................................... ~:~ ........ . 
Blue shale ..... ........................................•.......•... J • ••• ••••• •• 

Dark san.dstone--lots of water ...... , ............ , ........... . 
Blue shale ............... : ................................................... : 
Lime rock ......................................................... '" ........ . 
Blue shall! ...... ." ......................................................... ,., 

~1:ee :~:~ .:::::::::::::::::::::::::=:::.::::::~::::::::::::::::::::::::::::::: 
Lime rock . ~""""'~"""""':" " :!"''' ''''' :'''''''''''''''.: .. : ... ~.~ .. 
Blul! .shale ... , .................... ' ........ : ................... , ....... ! ...... , 
Lime rock ..... , ...................... ', .............. , .............. , ... , ...... . 
Whit'e sandstone-:-top Kinderhook shale 
, lots ·of , water ......................... ;~ ..... : ....... ~.: ...... : ..... : 
Blue shale ..... : ................ · ........... ··: .......... ' .. r .... ·' .......... , 
Limn rock ................................................................... . 
J~lue shale ................................ : ................... : .... " ...... ,,;, 
Lime rock ................................ :., ........... " .... w,., ..... , ... :., ... . 
HI ue shale ......... _ ....................................................... .. 
Lime rock-lots of water ........... ........... ;" ..... "\" .......... , 
Lime ............................ : ........................ : ........................ , 
Sand, .cadied ,a slight ' showing ' of ·gas ... : ........... , .. ~! 
Liple, coarse to fine·graineq ........... , .... , .................. .. 
Sand, carried traces of ' oil, however sJi'ght . ' 

were very good .................. : ...... : ....................... ,. 
Lime, white, somewhat chalky ............... : .. : ............... . 
Shale, red ................................................. : ........... .' .... :. 

t::;· ;e~~sh··:~::::::::::~::::::,:·::::::::::::::::::::=::::::::::::::::::: ' 
Shale, red ....... : ................................... , ...•. , ... ;: .. , ......... , .. ' 
Lime, white ................................................................ .. 
Shale, blue ................................................... : ............... . 
Lime, white, fine and hard ..... , .... :: ...... : .... :.~ ......... ,::: .. 
Shale, gray ................................................................. . 
Lime, blue, coarse· grained ...................................... .. 
Lime, white ...................... : ......................................... .. 
Sand, white, very fine·grained ............................... . 

13 
27 
15 
28 
2i 
22 
32 
19 
61 
1 
1 

19 
2 
2 

20 
11 
10 
80 
40 
.26 

9 
65 
8 
.s 
4 
'8 

10 
50 

40 
4,· . 

72 
.20 

,140 
32 

• 138 
103 

3 
361 

6 
15 
35 
19 
10 
41 . 

4 
30 
10 

8 
65 
17 
84 , 

147-160. 
160-187 
187-: .. 202 
202-230 
230-251 
2&1 .. 27;: 
·273-305 
305-324 
324-384 
il84-:"d5 
J8t> .. ;;d6 

' 3b6-.105 
405407 
407-409 
409-429 
429-440 
440-450 
450-530 
530-571) 
570-596 
596 .. 605 
605-670 · 
670-678 
6,8-685 

'685-690 
690-698 . 
698-708 
708-758 

'{58 798 
79X-802 
81/2-8B 
874-8~ '4 
894-1034 

1034-] 061i 
1066-1204 
1204-1307 
1307-1310 
13l0-167:\. 

1671-1677 
1677-1692 
1692-1727 
1727-:-1737 
1737:"1747 
1747-1788 
1788-1792 
1792-1822 
1822-1832 
1832-1840 
1840-1905 
1905-1922 
1922-2006 

N otes.-The beds to 100 feet belong to the plei;t~cene, th~'se t~ 
596 'feet at least to the Des Moines, and those to 894 to the l\J:issisM 

sippian. The lower beds are difficult of location, although the 
shale's at .1692 feet may be Maquoketa. In·tlj.at case the strat'a 
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below are -Galena-Platteville, leaving the eighty-four feet 'of 
"sand" at the base for the Saint Peter, assuming that it actually 
is siliceous material. Of course if it is crushed crystalline dolo­
mite or limestone it may still belong to the Galena-Platteville. 
In that case the Saint Peter was not reached. . 



, 



Index 

A 
Abbott, G. A., analyses by, 101 
Ackley, water supply, 401 
.Adair, water supply, 401 
Adel, water supply, 401 
Afton, water. supply, 401 
Aherns Bros. well, 255 
Ainsworth, water supply, 401 
Akron, water supply, 401 
Albert City, water supply, 401 
Albia, water supply, 60, 4,01 
Alden, W. C., cited, 40 
Alden, water supply, 401 
Aledo, TIl., salt water at, 52 
Alexander, water supply, 401 
Algona, . water supply; 401; well at, 104 
Allison, water supply, 401 
Alspach, Floyd, well by, 125 
Alta,. water supply, 401; well at, 108 
Alta Vista, water supply, 401 
Alton, water supply, 401 
Alvord, Burdick and Howson, work of, 

100 
Alvord, water supply, 401 
Amana, well abandoned, 371 
American ;Beet Sugar Corp. well, 257 
American Water Softener Co., analysis 

by, 352 
American Waterworks Association Jour­

nal, paper in, 375 
Ames, water supply, 402 
Analysis of Des Moines river water 

at Keosauqua, 87 
Analysis of rock from Denison; 166; 

Mason · City, 260 
Analysis of water at Algona, 108; Alta, 

108·; Arlington, 109; Audubon, 115; 
Ayrshire, 117: Bettendorf, 50; 
Brighton, 128; Burlington, 129; Cedar 
Rapids, 101; Council Bluffs, 145; Cres­
co, 152; Dallas Center, 154; Delmar, 

·158; Des Moines, 169; De Witt, 176; 
Donnellson, 180; Elkader, 191; Fort 
Dodge, 88, 198; Gowrie, 210; Hol­
stein, 229; Inwood, 231; Iowa City, 

· 232; Lake Mills, 240; Mount Pleasant, 
264; Nahant, 268; Nevada, 269, 272.; 
New London, 283; North English, 
284; Oakdale Sanatorium, 287, 296; 
Orange City, 307; Ottumwa, 308; 
Pleasantville, 312; Preston, 313; Rip­
pey, 316; Sigourney, 326; Stuart, 331, 
.338; Urbana, 339; Van Horne, 342; 

. Waterloo, 352; Webster City, 358; 
Wesley, 363 

Anamosa, water supply, 402 
Anita, water supply, 402 
Ankeny, water supply, 402 
Anthon, water supply, 402 
Apfel, Earl T., work of, 248 
Aplington, water supply, 402 
Arcadia, water supply, 402 
Arcliean beds, 47, 107, 157, 228, 36i 
Arion, water supply, 402 
Arkel, well at, 109 
Arlingto~, water supply, 402; well at, 

109 
Armstrong, water supply, 402 
Armstron.g, L. E., wells of, 202 
Arnolds Park, water supply, 402 
Artesian supply of Iowa cities, 77 
Artesian wells, water in, 399; of mod-

erate depth at Fort Dodge, 83; for 
town supply, 69; see also Deep Arte-
sians, Deep Wells, Wells · . 

Arthur,· water supply, 402 
Ashton, water supply, 4{)~ 
Atlantic, water supply, 402 
Auburn, water supply, 402; well at, 109 
Audubon, water supply, 402; well at, 

112 
Aurelia, water supply, 402 
Avoca, water supply, 402 
Ayrshire, water supply, 402; well at, 115 

B ' 
Bagley, water supply, 402 
Bailey, William T., analysis by, 145 
Bain, H. F., cited, 328 
.Bakke, A. L., cited, 394 
Baldwin, watllr supply, 402 
Bancroft, water supply, 402; well at, 

117 
Bartow, E. W., analysis by; 152 
Battle Creek, water supply, 403 
.Baxter, water supply, 403 
Bayard, water supply, 403; well at, 117, 

428 
Beaver Products Co. wells, 197 
Becker, J. J., well by, 137, 197, 203 
'Bedford; water supply, 403 
Bednar, Gerald, record from, 368 
Belle ~laine, water supply, 403; well 

abandoned, 371 
Bellevue, water supply, 403 
Belmond, water supply, 403 
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Bennett, water supply, 403 
Bettendorf, water supply, 403; wells at, 

121; well diminished yield, 373; wells. 
salt in, 49 

Blairstown, water supply, 403 
Blanchard, water supply, 403 
Bloom1ield, water supply, 403; well di-

minished yield, 373 
;Slaul's, .Tohn, Sons Co. well, 129 
Bode, water supply, 403 
Bonaparte, water supply, 403 
Boone, water supply, 56, 75, 403 

> Bored wells, water in, 398 
Boyden, water supply, 403 
Brandon, water supply, 403 
Brant, Charles P., well by, 326 
Breda, water supply, 403 
Brighton, water supply,> 403; well at, 125 
Bristow, water supply, 403 
Britt, water supply, 403 
Brooklyn, water supply, 404 
Buffalo Center, water supply, 404 
Burlington, water supply, 56, 404; wells 

at, . 128; . wells abandoned, 371; well 
diminished yield, 373 

Burlington Fruit Co. well, 129 
Bur.t, water supply,> 404; well at, 129 
Buswell, A. M., cited, q2 

C . 
California, well at, 130 , 
Calmar, water supply, 404; well at, 130 
Calvin, -9., cited, 30, 33, 42, 43, 153, 280 
Cambrian system, character, 42; salt 

pools in, 47 
Cambridge, water supply, 404 
Canton, TIl., salt water at, 51 
Carlisle, water supply, 404 
Carroll, water supply, 404 
Carson, water supply, 404 
Cascade, water supply, 404 
'Casey, water supply, 404 
Castana, water supply, 404 _ 
Cedar Falls, water supply, 63, 404 . 
Cedar Rapids, water supply, 56, 92,404; 

wells at, 131; wells abandoned, 371; 
wells diminished yield, 373 

Cedar River gravels at Cedar Rapids, 95 
Center .Tunction, water supply, 404 
Cent«)r Point, water supply, 404 , 
Centerville, water supply 59, 75, 404; 

wells abandoned, 371 
Central City, water supply, 404 
Central Oil and Gas Co. well, 117, 428 
Chariton, water supply, 404 
Charles City, water supply, 404; :well 

at, 133 
Charlotte, water' supply; 404 
Charter OakI' wat~r supply, 405 

Chelsea, water supply, 405 
Cherokee, water supply 405; well aban­
. doned,371 
Chester, water supply, 405 
Chicago, Burlington and Quincy R. R. 

Co. well, 338 
Chicago Great Western R. R. Co. well, 

298 
Chicago, Milwaukee, St. Paul & Pacific 

R. R. well, 158, 254, 256, 267, 329, 3~0 
'Chi<,lago, Rock Island and Pacific Ry. 

Co. well, 240 
Churdan, water supply, 405; well at, 

137 , 
Cities, Iowa, artesian' supply of, 77 
Clare, water supply, 405 
Claren<le, water supply, 405 
Clarinda, water supply, 405; well at, 137. 

428 
Clarion, water supply, 405 

' Clarksville, water supply, 405 
Clear Lake, water supply, 405 
Clermont, water supply, 405 
Cl~nton, water supply 56, 78, 405; well 

at, 143; wells abandoned, 371; wells 
diminished yield, 373 

Clutier, water supply, 405 
Cochrane Engineering Co., analysis by, 

232 
Coggan, water supply, 405 
Coin, water supply, 405 
Colfax, water supply, 405 

_ CoIlins, water supply, 405; well at, 143 
Colo, water supply, 405 
Columbus .Tunction, water supply, 406 
Conrad, water supply, 406; well at, 144 
Conservation of water, 75 
Consumers Ice Co. well, 188 
Coo>n Rapids, water supply, 406 
Corcoran, H . .T., work 0.£, 401 
Corning, water supply, 406 
Correctionville, water supply, 406 
Corwith, water supply, 406 
Corydon, water supply, 59,406; well at, 

144 . 
Cost of deep artesians at Fort Dodge, 82 
Coulter, water supply, 406 
Coulthard, H. R., oil prospect of, 130 
Council Bluffs, water supply, 56, 62, 406; 

well at, 145; wells abanc:loned, 371 
Country rock and glacial drift, wells in, 

67 > 

Crawfordsville, water supply, 406; well 
at, 151 , 

Cresco, water supply, 406; well at, 151 
Creston, water .supply, 406 
Cretaceous system, character, 25 
Cumberland, water supply, 406 
Cushipg, water supply, 406 
Cuttings, value of, 21 
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D 
Dake, C. L., cited, 39 
Dakota City, water supply, 406 
Dallas Centllr, well at, 154 
Danbury, water supply, 406 
Davenport, water supply, 56, 406; well 

at, 155; well diminished yield, 373; 
salt water at, 48 

Davis City, water supply, 406; well at, 
156 ' 

Dayton, water supply, 406 
Deafborn Chemical Co., analysis by, 129, 

169, 264, 338 
Decatur County ;Farm well, 245 
Decker and Sons well, 257 

, Decorah, water supply, 406; well at, +5~ 
Decorah for~ation. character" 32 
Dedham, water supply, 406 
Deep artesian formations at Cedar 

,Rapids, 97; 'wells at Fort Dodge, 82 
De,ep River, water supply, 407 
Deep wells of Iow:a, 15; see a~so Wells 
Defiance, water supply, 407 
Delmar, water supply, 407; well at, 158 
Denison, water supply, 407; well ' at, 16? 
Denver, water supply, 407 
Des Moines, gallerie~ at, 64; water sup· 

ply 56, 407; wells at, .166 
Des Moines river water, I!olla,lysis ,of; ,!lot 

Keosauqua, 87 ' 
Devonian system, cha;racter, 2e ' ' 
De Witt, water supply, 407; well at, i7;t, 
Dexter, water supply of, 407,' w,en at, , Ire ' -
Diagonal, water supply, 407 
Dike, water supply, ,407 
Dixon, water supply, 407 
Dolliver, water 'supply, 407 
Donnellson, water supply, 407; well ,at, 

179 
Doon, water supply, 407 
Dow City, water supply, 407 
Dows, water supply, 407 
Dresbach ,sandstone, character, 46 
Drift, glacial, waters of, 378 
Drift areas, topography, 377 
Drift sheets, glacial, in Iowa, 375 
Drilled wells, water in, 398 
Drillers, data from, 19 
Drillers' logs, importance of, 20 , 
Dubuque, water supply, 56, 79, 40'1'; w~lls 

a~a~d.oned, 371; wells a~, 182; wells 
dIminIshed yield, 374 

Dug wells, water in, 398 
Dumont, water supply, 407 
Duncombe, water supply, 407 
Dunlap, water' supply, 408; well aban-

doned, 371 ' 
Durant, water supply, 408 
Dyersville, water supply, 408 
Dysart, water supply, 408; well at,' 190 

E 
Eagle Grove, water supply, 408 
Earlham, water supply, 408 
Earling, water supply, 408 
Earlville, water supply, 408 
Early, water supply, 408 
Eau Claire ,beds, character, 46 
Edgewood, water supply, 408 

, Elberon, water supply, 408 
Eldon, water supply, 408 
Eldora, water supply, 408 
Eldridge, water supply, 408 
Electro-Metals Co. well, 234 
Elevations, note on, 428 
Elgin, water supply, 408 
Elkader, water supply, 408; well at, 

,190; well diminished yield, 374 
Elliott, water supply, 408 ' 
Ellsworth, water supply, 408 
Elma, water supply, 409 
Emerson, water supply, 409 
Emmetsburg, water supply, 409 
Engerbretsen, A., well by, 366 
Epworth, water supply, 409 
Essex, water supply, 409 
Estherville, water supply, 409 
Evaporation froin soil, 393 
Everly, water supply, 409 
Exira, water supply, 409, 

F 
Fairbanks, water supply, 409 

, , 

Faii-field, water supply, 60, 409; wells lit, 
192 - , 

Fairfield Pure Ice Co. well, 19'? 
Farley, water supply, 409 
Farley and Loetscher well, 186 
Farmington, water supply, 409 
Farnhamville, water supply, 409 
Farragut, water supply, 409 
Fass, E'dward, well by, 151 
Fayette, water supply, 409 
Fenton, water supply, 409 
Finn, Weston and Bogart, cited, 64 
Flood plains for water supply, 65, 81 
Flow of city wells of Fort Dodge, '83 
Fonda, water supply, 409 
Fontanelle, water sllPply, 409 , 
Ford, E. A., well by, 143, 144, 205,' 221, 

222,313 ' 
Forest City, water supply, 409 , 
Fort Dodge, water supply, 56, SO, 409; 

wells' at, 193 
Fort Madison, water supply, 409; wells 

abandoned; 372; ' wells diminished 
yield, 37t 

Franconia beds, character, 44 
Fredericksburg, water supply, 409 

G ' 
'. t , • , ., '. ~ J 

Galena formation, character, 32 ' 

, ' 
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Galleries, in1iltration, for town supply, 
63 

Galpin, S. L., cited, 293 
Galva, water supply, 409 
Garner, water supply, 409 
Gl;trrison, well at, 204 
Garvey, V., well by 182 
Garwin, water suppiy, 410 
Geiger, S. B., & Co., well by, 234, 307, 

340 
Geological formations, table of, 23 
Geor.ge, water supply, 410 
Gilbert, water supply, 410 
Gilman, water supply, 410 
Gilmore City, water supply, 410 
Glacial drift and country r,ocks, wells in, 

67 
Glacial drift sheets in Iowa, 375 
Gladbrook, water supply, 410; well at, 

205 
Glenwood, water supply, 410; well at, 

205 
Glenwood formation, character, 33 
Glidden, water supply, 410 
Goldfield, water supply, 410 • 
Gowrie, water supply, 410; well at, 206 
Graettinger, water supply, 410 
Grand Junction, water supply, 410; well 

at, 210 
Gra:nd Mound, water supply, 410 
Granger, water supply, 410 
Granville, water supply, 410 
Graver Corporation, analysis by, 358 
Gray, water supply, 410 
Gray, F. M., Jr., well by, 171, 261, 298, 

326,347 
Gray, W. H., and Brother, well by, 158, 

163,353 
Green, Howard R., well by, 279 . 
Greene, water supply, 410 
Greenfield, water supply, 410; well at, 

211,431 
Grimes, water supply of, 410 

, Grinnell, water supply, 410; wells at, 
215 • 

Griswold, water supply, 411 
Ground water, investigation of, 387; 

and rainfall, uses of, 391; levels, 383 
Grundy Canning Co. well, 222 
Grundy Center, water supply, '411; well 

at, 221 
Grundy County Poor Farm well, 221 
Guthrie Center, water supply, 411 
Gut.tenberg, water supply, 411 
Gypsum-bearing beds of Salina Stage, 

29 

H 
Haggerty., T. J., well by, 235 
Halbur, water supply, 411 
Hall, C. W., cited, 39 

Hall, Meinzer and Fuller, cited, 190 
Hamburg, water supply, 411; well at, 

222 
Hampton, water supply, 411; well at, 

223; ' diminished yield, 374 
Harlan, water supply, 411 
Harris, water supply, 411 
Hartley, water supply, 411 
Havelock, water supply, 411 
Hawaii, water supply in, 76 
Hawarden, water supply, 411 
Hawkeye, water supply, 411; well at, 

224 
Hedrick, water supply, 411 
Hendrixson, W. S., . analysis by, 331; 

cited, 15, 251 
Hinman, J. ;r., analysis by, 287; cited, 

66,69,71 
Hinton, water 'supply, 411 
Hoing sandstone, character, ' 30 
Holstein, water supply, 411; well at, 225 
Homestead, well diminished yield, 374 
Hopkinton, water supply, 411 
Hospers, water supplYz'411 
Hotel Burlington well, 128 
Howe'll, J. V., cited, 55 
Howell Drillers News cited, 392 
Hubbard, water supply, 411 
Hubinger Bros. Co. wells, 236 
Hudson, water supply, 411 
Hull, water supply, 411 
Humboldt, water supply, 412 
Humeston, water supplyz 412 ' 
Hurstville, water supply, 412 

,Huxley, water supply, 412; well at, 230 
, I 

Ida Grove, water supply, 412 
Independence, water supply, 412 
Indianola, water supply, 412 
Infiltration galleries at Fort Dodge, 81 
Intermediate water supplies, 378 
International Filter Co., analysis by, 

272 ' 
Inwood, water supply, 412; well at, 230 
Iowa Canning Co. well, 204, 319 
Iowa City, water supply, 56, '412; well 

at, 231 
Iowa Falls, water supply, 412 
Iowa Geological Survey, help by, 16 . 
Iowa Insurance Service Bureau, help by, 

401 
Iowa State Board of Health cited, 70 
Iowa State College, analysis by, 33~ 
Iowa's First Oil Developing Co. well, 

137,428 
Ipava, Ill., salt water at, 52 
Ireton, water supply, 412 

J 

James, Thomas, well by, 225, 312 
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.Tefferson, water' supply, 412; well aban-
doned,372 , 

.Tefferson Co. Gas, Oil and Mineral Co. 
well, 192 

.Te~sup, water supply, '412 

.Tewell, water supply, 412 

.Tones, E. F ., well by, 128 

.Tordan sandstone, character, 43 

. K 
Kamrar, water supply, 412 
Kanawha, water supply, 412 
Kay, F. H., cited, 31 
Kay, George F'i report by, 5 
Kellogg, water supply, 412 
Kelly, water supply, 412 
K!lokuk, water supply, 56, 412; wells 

abandoned, 372; wells at, 234; wells 
diminished yield, 374 

Keokuk Pure Ice Co. well, 235 
Keosauqua, analysis of Des Moines river 

water at, 87; water supply, 412 
Keota, water supply, 413 . 
Keystone, water supply, 413 
Kiersted, W., tests by, 64 
Kimballt<;>n, water . supply, 413 
Kingsley, water supply, 413 
Kirkman, water supply, 413 
Kiron, water supply, 413 
Kiskadden and Anderson, well by, 108 
Klemme" water supply, 413 
Knight, Nicholas, analyses by, 85, 284 
Knoxville, water supply, 413; well at, 

238 
Kushar, .Tames, well by, 130 
Kutcher, .Tames, well bl, 258 

L 
~adora, water supply, 413 
Lake City, 'water supply, 413 
Lake Mills, water supply, 413; well at, 

239 ' 
Lake Park, water supply, 413; well at, 

240 , 
Lake supply, character, 57 
Lake View, water supply. 413 
Lakes for town supply, 55 
Lakota', water supply, 413 
Lamoni, water supply, 413; well at, 241 
Lamont, water supply, 413 
La Motte, .water supply, 413 
Lansing, water supply, 413 
La ,Porte, water supply, 413 
Larrabee, Frederic, well of, 203 
Latimer, water supply, 413 
Laurens, water ·supply, 414 
Lawler, water supply, 414 
Lawton. water supply, 414 
Layne-Bowler Chicago Co., well by, 205, 

211 
Ledyard.; water supply, 414 

Leeds, water supply, 414 
Lees, James H., paper by, 375; record 

by, 17, 167, 193, 204, 216, 229, 362 
Lehigh, water supply, 414 
Lehigh Portland Cement Co. well, 260 
Le Mars, water supply, 414 
Lenox, water supply, 59, 414 
Leon, water supply,. 414; well at, 243 
Leonard, A. G.; cited, 34, 43 
Leste'r, water supply, 414 
Leverett, Frank, cited, 39 
Lewis, water supply, 414 
Lewis, Harry F., analysis by, 108, 109, 

117, 128, 176, 191, 210, 229, 231, 240, 
263; 269, 283, 296, 307, 312, 313, 316, 
326, 339, 347, 363,364 

Lewis, R. K., analysis by, 50 
Liebbe, H. F., record from, 365 
Lime Springs, water supply, 414 
Lincoln, water supp~y, 414 
Lindly, J. M., cited, 156 
Linn Grove, water supply, 414 
Lisbon, water supply, 414 
Little Rock, water supply, 414 
Livermore, water supply, 414 
Logan, water supply, 414 
Lohrville, water supply, 414 
Lone Rock, water supply, 414 
Lone Tree, water supply, 414 
Long, G. J., record from, 358 
Lost Nation, water supply, 415 
Lowden, water supply, 415 
Lowering of water, causes, 384; some 

cases of, 386 
Low Moor, water supply, 415 
Luther, water supply, 41-5 
Luverne, water supply, 415 
Lytton, water supply, 415; well at, 245 

' M 
McCarthy Well Co., well by, 133, 155, 

230, 257, 262, 363 
McGee's study of wells, 383 
McGregor, water supply, 415 
Macbride, T. H ., cited, 111 
Macedonia, water supply; 415 
Madrid, water supply, 415 
Maffitt, Howard C., analysis by, 154 
Malcom, water supply, 415 
Mallard, water supply, 75, 415; well 

abandoned" 372 
Malvern, water supply, 415 
Manchester, water supply, 415; well at, 

68 . 
Manilla, water supply, 415 
Manly, water supply, '415 
Manning, water supply, 415 
Manson, water supply, 415; well at, 245 
Mapleton, water supply, 415 
Maquoketa, water supply, 416 
Maquoketa shale, character, 31 
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Marathon, water' supply, 416 
Marble Rock, water supply, 416 
Marc.us, water supply, 416 ' 
Marengo, water supply, 416 
Marion; 'water supply, 416 
Marne, water supply, 416 
Marquette, water supply, 416; well at, · 

254 
Marshalltown, water supply, 56, 416 
Mason City, water B~pply, 56, 90, 416; 

wells abandoned, 372; wells at, 256 
Massena, water supply, 416 
Maurice, water supply, 416 
Max.w~ll, water supply, 416 
Maynard, water supply, 416; well at; 

261 . 
Maytham, W. J., record by, 259 
Mechanicsville, water supply, 416 
Mediapolis, water supply, 416 
Meinzer, O. E ., cited, 15, 67, 366, 394, 

399; record by, 240 
Merrill, water supply, 416 
Meservey, water supply, 416 
Midland Packing Co. well, 326 
Miles, water supply, 416 
Milford, water supply, 416 
Miller, J. P ., Artesian Well Co., well by; 

112, lSI, 268, 344, 350 
Minden, water supply, 417 
Mineral production in 1927, 6 
Minneapolis and .saint Louis R. R. Co. 

well, 155 
Mississippian system, character, 27 
Missouri Valley, water supply, 417 
Mitchellville, water supply, 417 
Modale, water supply, 417 
Monona, wate'r supply, 417; well at, 261 
Monro'e, water supply, 417 
Montezuma, water supply, 417 
Monticello, water supply, 75, 417 
~oorhead, water supply, 417 
Morning Sun, water supply, 417; well 

at, 262 , 
Morrell, John, .& Co. wel,l, 307 
Morse, W. C., cited, 31 
Moulton, water .supply, 417 
Mount Ayr, wate.r supply, 60,417 
Moun,t Pleasant, water supplYi 417; 

wells at, 264 , 
Mount . ' Pleasant E~ectric Light and, 

Waterworks well, 264; State Hospital 
well, 267 • . 

M,o)lnt Si:(IJ.on sandstone, character, 46 
Mount' Vernon, water supply, 417 . 
Moville, water. supply" 417 , . 
Muscatine, water supply, 56, 417 

, N 
Nagler, Floyd, cited, 393' 
Nahant, we'lt at, 267 , ' 
Nashua, water supply, 417 .' 

Neola, water supply, 418 
Nevada, water supply, 418; well at, 268 
New Albin, water s\lPply; 418; well at, 

279 
Newell, water supply, 418 . 
New Hampton, water supply, 418 
New Hartford, water supply, 418 , 
New London; water supply, 418; well at, 

281 
New Sharon, water supply, 418 
'Newton, water supply, 75, 418 
New Vienna, water supply, 418 
Nixon, A., well of, 340 
Nolan, Charles D., well by, 132, 204, 

310, 331, 344, 364 
Nora Springs, water supply, 418 
North Dakota, conservation of water in, 

76 · " 
Nprth English, water supply, 418; well 

at, 283 , 
Northland Milk ahd Ice Cream Co. well, 

166 
North McGregor, well at, 254 
Northwestern States Portland Cement 

Co. well, 259 
, Northwood, water supply, 418 

Norton, W. H. cited, 15 .. 34, 37, 38, 42, 
43, 64, 70, 150,170, 206, 223, 252, 268, 
291, 309, 323, 352, 357; work of, 5 

Norway, water supply, 418 

" 0 
Oakdale, well at, 284 
Oakland, water supply, 418; well at, 296 
Ocheyedan, water supply, 418 
Odebolt, water supply, 418 
Oelwein, water supply, 419; well at, 298 
Ogden, water supply, 419; well at, 300, 

434 
Oil prospects, weils as, 52 
Ol,in,. ;water supply, 419 
Onawa, w'ater supply, 419; well aban· 

,do1l,ed, 372 , , 
On'slow, wat.er supply, 419 
"Orange City, w!!-ter supply, 419; well at, 

305 
Ordovician 'system, character, 31 
Osage, water supply, 419 
QS,ceoll1, 1':ater ~upply, 59, 419 
Oskaloosa, water' supply, 419 
Ossian, water supply, 419 
Ostrom, H. W;" analysis by, 158 
Oto" water s,!-'pply, 419 , 
Ottumwa! water, supply, 56, 419; well 

abandoned, 372; well at, 307; well 
diminished ~ield, 374 

Oxford, water supply, 419; well at, 310 
Oxford Juncti<;>n; water suPi>~y, 4,19' 

, P 
Palmer, water supply; 419 
Panama, watet 'supp1y, 419 
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Panora, water supply, 419 
Parkersburg, 'water supply, 419 
Paton, water supply, 419 
Paullina, water supply, 420 
Pella, water supply; 420 

, Penick and Ford well, 132 
Pennsylvanian system, character, 26 
People's Gas and Electric Co. well, 258 
Perry, water supply, 420 
Persia, water supply, 420 
Peterson, water supply, 420 
Pierson, water supply, 420 
Pioneer Oil and Gas Co. drill hole, 156 
Pirsson and Schuchert cited, 393 
Plagge, H. H." cited, 394 
Plants, transpiration of water by', 393; 

use of water by, 392 
Platteville formation, character, 32 
Pleasantville, water supply, 420; well 

at, 311 
Pleistoc'ene system, character, 25 
Plover, water supply, 420 , 
Plymouth, water supply, 420 
Pocahontas, water supply, 420 
Pomeroy, water supply, 420 
Portsmouth, water supply, 420 
Postville, water supply, 420 
Prairieburg, water supply, 420 
Prairie du Chien well, 255 
Prairie City, water supply, 420 
P,rairie Creek gravels, water in, at Cedar 

Rapids, 96 
Preston, water supply, 420; well at, 312 
Primghar, water supply, 420 
Protivin, water supply, 420 

Q 
Quality of deep artesian waters at Fort 

Dodge, 82 
Quimby, water supply, -420 ' 
Quitman, Missouri, well at, 368 

R 
Radcliffe, water supply, 420 , 
Rainfall and ground water, uses of, 391 
Readlyn, water supply, 420 
Recession of level in wells, 385 
Red Clastic series; 47; 107, 157, 228, 281, 

329 
Redfield, water supply, 420 
Red Oak, water supply, 420 
Reed, Calvin, well by, 117 
Reinbeck, water supply, 421 
Remsen, water supply, 421 
Renwick, water supply, 421 
Reservoirs, impounding; for to:wn "sup-

ply, 55, 57 I • 

Rhodes, water supply, 421; , well at, 313 
Riceville, water. supply, 421 
Ricketts, water supply, 421 
Ringsted, water supply, 421 

Rippey, water supply; 421; well at, in~ -
Ritchie, J. C., well of, 362 
Riverside, Wash. county, water supply, 

421; well at, 316 ' . 
Riverside, Woodbury county, water sup­

ply, 421 
~iver water, character, for town supply, 

61; filtered, at Fort Dodge, 86 
RO,ck, Mason City, analysis, 260; Deni-

son, 166 
Rockford, water supply, 421 
Rock Rapids, water supply, 421 
Rocks, stratified, distribution, 380 
Rock Valley, water supply, 421 
Rockwell, water supply, 421 
Roc1twell City, water supply, 421; well 

diminished yield, 374 
Roland, water supply, 421 
Rolfe, water supply, 421 
Rose, G. H., & Son, well by, 117, 137, 435 
Rudd, water supply, 421 
Run-off of Iowa streams, 393 
Ruthven, water supply, 421 
Ryan, water supply, 421 

S 
Sabula, water supply, 421;, well dimin-

ished yield, 374 
Sac City, water supply, 422 - . 
Saint Ansgar, water supply, 421 
Saint Croix stage', 42 
Saint Olaf, water supply of, 421 
Saint Peter sandstone, basal. beds, 37; 

character, 36; depth to, 16 
Salina beds, character, 29 
'Salix, water supply, 422 
Salt pools in Cambrian, 47; water at 

Davenport" 48 . 
Sanborn, ·water supply, 422 . 
Sands, alluvial, for town supply, 56 
Savage, T. E., cited, '324 
Savidge, G. J.; well by, 307, 325, 330 
Scai:fe, Wm. B.,.,& Sons Co., analysis 'by, 

198 
Schaller" water supply, 422 
Schleswig, water supply, 422 
Schlicher, J. M., well by, 179 
Schneider, W. Z., record from, 122 
Scranton, water supply, 422 
Seibel oil prospect, 435 
Sergeant Bluff, water supply, 422 
Sewell Well Co., well by,- 151 
Seymour, 'water supply, 422; well at,· 

, ~H ' , 
Shallow wells at Fort Dodge, 81 
Sharff, B., well by, 109, 11.5, 117 . 
Shaw, J. D., well by, 192, 256, 264; 267 , 
Shearard, S.,. well .py, 340 ' 
Sheffield, water supply, 422 
Shelby, water supply, 422 
Sheldon, water supply, 422 
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Shell Rock, water supply, 422 
Shellsburg, water supply} 422; well at, 

319 
Shenandoah, water supply, 422 
Shimek, B., cited, 396 
Sibley, water supply, 422; well at, 325 
Sidney, water supply, 422 
Sigourney, water supply, 75, 423; well 

' at, 325 ' 
Silurian system, character, 29; wells in, 

at Cedar Rapids, 95 
Silvis, Ill., salt water at, 49 ' 
,Simpson, H. E.,. cited, 15, 62; work of, 

76, ,94 . 
Sinclair, T. M., well of, 74, 131 
Sioux Center, water supply, 423 
'Sioux City, water supply, 56, 91, 423; 

wells at, 326 
Sioux quartzite at Inwood, 231 
Sioux Rapids, water supply, 423 
Slater, water supply, 423 
Sloan, water supply, 423 
Smith, G. E . P., cited, 399 
Smithland, water supply, 423 
Soldier, water supply, 423 
Solon, water supply, 423; well at, 331 
South Dakota Chemical Laboratory, 

analysis by, 155 
Spencer, water supply, 423 
Spillville, water supply, 423 
Spirit Lake, water supply, 423 
Sprague, H. F., well of, 222 
,Springs for town supply, 63; at Cedar 

Rapids, 95 
Springville, water supply, 423 
Stacyville, water supply, 423 
Stanhope, water supply, 423 
,Stanton, water supply, 423 
Stanwood, water supply, 423 
State Center, water supply, 423 
State Hospital for Epileptics :well, 364 
State Hospital for Insane well, 238, 267 
State Sanatorium well, 284 
State School for the Deaf well, 145 
State University of Iowa well, 231 
Static level of Dubuque wells, 184 
Stauffer, C. R., cited, 43 
Stokes, Orville, work of, 401 
Stone, Leander, cited, 39 
Storm Lake, water supply, 423 
Story City, water supply, 423 
Strata, character, 18 
Stratford, water supply, 423 
Strawberry Point, water supply, 423 
Stuart, water supply, 423; well at, 331 
Sullivan Machinery Co., well by, 316 
Sully, water supply, 424 
Sumner, water supply, 424 
Sutherland, water supply, 424 
Swea City, water supply, 424 

T 
Tabor, water supply, 59, 424 
Tama, water supply, 424 
Templeton, ,water supply, 424 
Tenny, M. K., analysis by, 272 
Terrill, water supply, 424 
Tester, A. C., cited,434 
Thompson, water supply, 424 
Thorne, W. L., well by. 257 
Thorpe Brothers Well Co., well by, 104, 

121, 145, 154, 156, 169, 177, 197, 210, 
215, 223, 225, 230, 232, 241, 243, 245, 
246, 283, 284, 296, 300, 305, 311, 313, 
331, 352, 357, 435 

Thurman, water, supply, 424 
Thwaites, F. T., record by 40, 41, 174, 

255, 261, 347, 351 
Tilton, J . L., cited, 336 
Tipton, water supply, 424 
Toledo, water supply, 424 
Town supply, artesian wells for, 69 
Tracy, well at, 338 
Traer, water supply, 424 
Transpiration of water by plants, 393; 

changes in, 396 
Trempealeau dolomite, character, 44 
Tripoli, water supply, 424 
Trowbridge, A. C., cited, 39 
Twenhofel, W. H., cited, 40 

11 
Udden, J. A., cited, 35, 39, 47 
Underwood, water supply, 424 
Union, water supply, 424 
Urbana, water supply, 424; well at, 339 
U. S. Weather Bureau, work of, 387 
Ute, water supply, 424 

v 
. Vail, water supply, 424 
Valley Junction, water supply, 425 
Van Buren county, well in, 340 
Van· Horne, water supply, 425; well at, 

340 
Van Tuyl, F. M., cited, 27 
Varner, C. W., well by, 143, 182, 267, 

366 
Victor, water supply, 425 
Villisca, water supply, 425 
Vinton, water supply, 425 

w 
Waconia, well. 344 
Walcott, water supply, 425 . 
Walker, water supply, 425 
Walling,. K. L., help by, 401 
Wall Lake, water supply, 425 
Walnut, water supply, 425; well at, 344 
Wapello, water supp,ly, 425 
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Washington, water supply, 425; well at, 
347 

Washta, water supply, 425 
Water, artesian, hardness, 73; purity, 69 
Water, studies by U. S. and Iowa sur-

veys, 384; of glacial drift, 378; re-
tained in soil, 394 . 

Water, underground, amount of, 72; con-
servation of, 75; value of, 15 

Water bearing beds, 382 
Water level, lowering, 388 
Water laboratory, work of, 69 
Waterloo, water supply, 91, 425; well 

abandoned, 372; wells at, 350 
Waukee, oil prospect near, 435 
Waukon, water supply, 425; well aban-

doned, 372; well at, 353 
Waverly, water supply, 425 ' 
Weather and Crop Bureau, work of, 387 
Webster City, water supply, 425; well 

at, 357 
Webster county, well in, 362 
Wellman, water supply, 425 
Wells, .recession of level in, 385; deep, 

for town supply, 56; objections to, 74; 
study of, 386; shallow, for .town sup­
ply, 63; types, 66; see also Deep Wells 

Wells abandoned since 1912, 371 
Wells as oil prospects, 52 
Wellsburg, water supply, 425 
Wells in drift or country rock for town 

supply, 56, 67 
Wells of Iowa, 15 
Well water recession in Iowa, 375 
Wesley, water supply, 425; well at, '362 

West Bend, water supply, 426 
West Branch, water supply, 426 
West Burlington, water supply, 426 
Western Ice Co. well, 143 
Westgate, water supply, 4,:26 . 
West Liberty, water supply, 426; well 

diminished yield, 374 
West · Point, water supply, 426 
West Side, water supply, 426 
West Union, water supply, 426 
What Cheer, water supply, 59, 426 
Wheatland, water supply, 426 
White, W. N., work of, 399 
Whittemore, water supply, 426 
Williams, water supply, 426, 
Williamsburg, water supply, 426 
Wilson oil prospect, 137, 428 
Wilton Junction, water supply, 426 
Winchell, N. H., cited, 45 
Winfield, water supply, 426; well at, 363 
Winterset, water supply, 426 
Winthrop, water supply, 426 
Woodbine', water supply, 427 
Wood Brothers well, 169 
Woodward, water supply, 427; well at, 

364 
Worthington, Minnesota, well at, 366 
Wyoming, water supply, 427 

y 

Yale) water supply, 427 

Z 
Zearing, water supply, 427 
Zon, Raphael, cited, 393 
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