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EIGHTH ANNUAL
REPORT OF THE STATE GEOLOGIST.

IowA GEOLOGICAL SURVEY, |
Des MoiNgs, December 31, 1899, |

To Governor Lestie M. Shaw and Members of the Geological Board :

GENTLEMEN—I have the honor of submitting to you, in
accordance with law, my report of the operations of the Towa
Geological Survey for the year 1899. The energies of the
Survey have been devoted to carrying out the plans approved
by you at the beginning of the working season, and it is hoped
that in the extent and quality of the work accomplished all your
expectations have been fully met. The corps of investigators
engaged upon the work rof the Survey during the past year
has been somewhat larger than heretofore. In addition to
the State Geologist, the Assistant State Geologist and the
Secretary, the force has included Dr. S. W. Beyer, Dr. J.
B. Weems and Mr. Ira Williams of the State College at Ames;
Prof. W. H. Norton of Cornell College, Mount Vernon; Dr. T.
H. Macbride of the University of Iowa, lowa City; Prof. J. A.
Udden of Augustana College, Rock Island; Prof. Benj. I.
Miller of Penn College, Oskaloosa; Mr. Frank A. Wilder of the
West Des Moines High School; Prof. T. E. Savage of Western
College, Toledo; and Mr. H. R. Mosnat of Belle Plaine. In
addition Mr, Stuart Weller of the University of Chicago spent
a short time at Burlington, and Prof. A. V. Sims of the
University has kindly undertaken some special tests. Mr.
Frank Tate and Miss Charlotte King have each spent some
time in preparing illustrations for the reports.
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During the year the Survey has directed its attention chiefly
to the work of mapping the various unsurveyed counties and
to the preparation of reports on the physiography, geology,
and resources of the areas so mapped. In all eight counties
have been mapped this season, and partial mapping has been
done in two more. Revision work was carried on in three
.counties which had been essentially completed during the pre-
ceding season.

In the following table there is given a list of the counties
in which mapping has been done. The names of those com-
pleted within the year are set in italics, and the names of two,
begun during the year, but not yet completed, are set in
capitals. In all nearly 24,000 square miles have been so far
surveyed, an area which embraces almost half the state.
The remaining area will require less work than the portion of
the state already surveyed. The location of the several coun-
ties surveyed and the distribution of the areal work are shown
.on the accompanying map (Plate I).

COUNTIES SURVEYED AND MAPPED.

AREA AREA
8Q. MILES, 8Q. MILES.

ANamakes ol i s aaaie DS TELANN. - o s s e e e 720
AN DRNOOE: £ 1175 e alaitinziels,iais cereg sy o T I B b e S 407
TR RO fote s b £ 0= o 0T bk e i L Y 5,770 S R S 587
BREMIR, F ki s iote sl aee 43200 MIRAIRORE S o 5o 2o o e i alsioi e ats 576
Buehaninise sl vie 55 svass 218 4l Makion st o i e sl Aaad 576
Qarpoltic P el s o8 Marehalll ) - cm s e iy 576
Cadariii e e ] 576 Montgomery....... ety sl e 432
Cerro Gordo........... datens AT, 10 )1 M uoRpREE et L s o B3 437
DENRE Lk o aw s e s sk e T g T £ e B e B et 400
Decatur.......coe0ee o0 A IO B0 st e 657
DOlGWADS 4% s s hoianalili b s ST8 e P ymonth ot va it s s s sy s 860
Do MoInesL: i aowiasasssans T o P et e b L e 585
ITRERTNSOW.s o/5ts s vivins 2iaiais &8s dsisi U e I R R U 455

0551030 01 1 R s R BOL O i e e e e aee s 769
Guthrie. .t rs s s . 583 Smry ________________________ 576
Hardin ........................ 576 N AN BOPOI . coasils v 5idvaa s ds s 484
HERNRY iferessieyanireis s weeiss 433  WAPPBD - be - hin et 569
Humboldt ............. biesies 432 Washington........cocoeeennn 655
Johmson . viseesas IR IS Biare-ste 8181 WooADULY s i cs paahiaia A e 73
JODOE .| oy ioisieis aronsidiansio = siune I - iy R N P e 402
FEOOICIIE S 15 v siaters e imarars sion ATale 576
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At the close of the last field season some 18,936 square miles
had been mapped. It was found impossible, however, to pre-
pare reports on Cedar, Hardin, and Dubuque counties in time
for publication in volume IX, and they were accordingly left
over for the present volume. This gave an opportunity for
a certain amount of revision both in the field and the office,
and the reports have gained in value as a result of the delay.
This delay has been especially advantageous in the case of
Dubuque county, as it will now be possible to incorporate in
the report the important results of the mining development of
the past season. It also makes it possible to use, as a base
map, the topographic sheets covering this area, prepared
by the United States Geological Survey. Indeed it was mainly
to render this possible that the work was held over, for with-
out a good topographic base map, the detailed geological map-
ping of a region as rough and broken as the Driftless Area
would be altogether impossible. The expense involved, how-
ever, in making such a map is far beyond the resources of the
Towa Survey.

The Maquoketa, Anamosa, Elkader and Lancaster sheets of
the United States Survey have been but recently completed
and have not yet been published. Through the kindness of
the director, Prof. Charles D. Walcott, photographic copies
of these sheets have been furnished the Towa Survey for field
use and for publication. From them Messrs. Hoen & Co., of
Baltimore, are now preparing the base map which will be used
in the Dubuque county report. The co-operation of the
United States Survey in this matter is very much appreciated
and the map will add very greatly to the value of the report.

The work in Dubuque county was undertaken jointly by the
Director and the Assistant State Geologist. 1 took up the
stratigraphical and general geological problems, while the
assistant investigated the economic phases of the subject.
Accordingly Mr. Bain has devoted much time to the study of
the problems presented in the mining areas of the county, and
particularly to wateching the development of the zinec mines
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which, under the stimulus of his suggestions, are now opening
up with prospects of greatly increased success. Further
details will be found in his administrative report.

In Cedar county the work begun by Professor Norton last
year was carried to completion. Cedar county contains some
-of the largest and most important quarries in the state and is
the seat of an important lime industry. The stone industry of
this county in 1898 amounted to $113,502, and Professor
Norton’s work confirms the fact that there are large opportu-
nities for expansion. The clay interests of the region are
worthy of further development.

In Hardin county Dr. Beyer has devoted considerable atten-
tion to the clay interests. There is a very wide variety of
clays to be found in the county and the quantity present is all
that could be desired. While there are now several plants in
operation the clay industry has not been developed to any-
thing like the extent which the character of the material and

_the commanding position of the county should render possible.
The stone industry may also be expected to develop largely.
These and the other mineral resources of the region are fit-
tingly discussed in the report upon the county now in prep-
aration.

The new work taken up this year was widely scattered and
served to close some of the important gaps in our earlier map-
ping. Much attention was paid to the western portion of the
state, the mapping in the northwest being extended to cover
Lyon, Sioux, Osceola and Dickinson counties. The work in
the two counties first named was done by Mr. Frank Wilder
with the assistance of Mr, Bain. Preparatory to it a general
reconnoissance trip was made through several of the adjoin-
ing counties. Mr. Wilder’s studies have been of great impor-
tance in bringing out the fact that the Hawarden beds, here-
tofore referred to the F't. Pierre, really belong to the Benton
shales and accordingly the limestones and chalk of the Inoce-
ramus beds, as developed in Iowa, are not to be correlated
with the Niobrara farther west. They represent instead that
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portion of the Fort Benton sub-stage exposed in the “Oyster
Shell Rim" of the Black Hills. Mr. Wilder has also shed much
light upon the vexed question of the age of the drift of the
northwestern part of the state. His conclusions, while dif-
fering somewhat from those previously held by the Survey,
are founded on careful study and seem worthy of every con-
fidence. Probably a final opinion on the subject can not be
rendered until more of the region shall have been investi-
gated.

Mr. Wilder shows in his report upon the two counties that
the Dakota sandstone, which in South Dakota is such a com-
mon source of artesian water, is an important aquifer through-
out the region, though not yielding flowing wells, Hisreport
is now in the final stages of preparation and will doubtless be
ready for publication in this volume.

In Osceola and Dickinson counties Professor Macbride has
extended his studies which he made the year before in Hum-
boldt county. The Osceola-Dickinson area is one of very
exceptional interest. Here, connected with the drift, are
geplogical problems of highest import. Morainic knobs and
kames and undrained marshes, set in level expanses of beauti-
ful prairie land, appear at first sight to be distributed law-
lessly over the region, but the difficulties of their peculiar
distribution yield to the careful questionings of the trained
investigator, and at length something like order is evolved
from the seeming confusion. They have all been developed
in accordance with definite laws governing the transportation
and deposition of material in connection with the movements
of glaciers. In this region, too, are found the principal lakes
of Towa, charming sheets of water, surrounded usually by
swelling knobs of the glacial moraine which in places is for-
ested and in places grass-covered to the water’s edge. Lake
and forest and grassy slope unite to form a landscape of rare
natural beauty but seldom equaled. The genesis of the lake
basins, not less than the genesis of the other topographic
features of the region, has long been an attractive problem to
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the man of science; in the opportunities for rest, for recrea-
tion, for the quiet, joyful stimulation and exercise of the
mesthetic sense, which the lakes and their delightful surround-
ings afford, the general public has found the same region one
of great attractiveness. Professor Macbride tells the inter-
esting history of the region in a manner at once clear, com-
prehensive, and comprehensible; and it is to be hoped that his
suggestions for preserving it with what is left of its natural
beauty, and converting it into a resort where Towa’s citizens
may, for all time, have an opportunity to come in touch with
Nature at her best, where physical health and mental tone can
be restored to all who are worn and weary from over-exercise
of hand or brain, will receive the attention which they deserve.

In the southwest the work left unfinished by the death of
Mr. Lonsdale has beenresumed. After some field conferences
with members of the Survey corps, and after revising and com-
pleting the work in Dubuque, I began the survey of Page
county. The thickness and succession of the strata compos-
ing the Upper Coal Measures in southwestern Iowa, and the
relations of these strata to the published sections of Nebraska
and Missouri on the one hand, and to those of Towa on the
other, have long been recognized as questions which deserved
thorough investigation. As a result of the work in Page
county it is shown that, compared with the basal portion of
the Upper Coal Measures, Missourian stage,—as developed in
Madison county for example,—the deposits here contain less
limestone and relatively more of shale and shaly sandstone.
This means that shallow-water and marginal deposits are more
abundant, and that the conditions for the accumulation and
preservation of coal were more favorable in Page county than in
regions where the earlier portions of the Missourianstage are
exposed. Limestone ledges are here comparatively thin and
far apart, while clay deposits reach an unusual development.
It is also shown that there are two distinet coal horizons
separated by about 130 feet of strata, embracing a few feet of
limestone and nearly 120 feet of shales and shaly sandstones.
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The rather indefinite line along which the eastern loess and
the Missouri river loess meet is found near the western border
of Page county, lying chiefly, however, in Fremont. The
drift of Page county is, in places, very thick, and it has suffered
much more than the average amount of erosion seen in areas
south of the Iowan border. The principal stream valleys aver-
age nearly 200 feet in depth, cut mostly in the drift; and the
sides of the valleys, back to the divides, have been carvedinto
an intricate and branching series of ravines and ridges which
cover the whole surface, leaving no part of it in the condition
of an uninvaded plain or plateau. The soils are unsurpassed
anywhere for the production of corn and other field erops.
The coal seams are rather thin, but they are remarkably per-
sistent, and the mining industry is capable of greater develop-
ment than it has yet attained. With better knowledge of the
position of the coal seams the work of prospecting can be
carried on more intelligently, and the top workscan be located
so as to operate the mines with a minimum of expense.

In the central portion of the state Prof. Benj. L. Miller,
who has had considerable experience in geological work in
connection with the University Geological Survey of Kansas,
undertook the mapping of Marion county. His map and report
are now in hand and show that the work has been executed
with great care. Marion county is located near the central
part of the coal field, and while mining is not now as extensive
as in certain of the neighboring counties, the coal measures
appear particularly rich. With improved railway facilities in
the southern portion of the county it may confidently be pre-
dicted that valuable mines will be opened up. It is to be
expected that Professor Miller’s report will prove of material
assistance in bringing this about.

Early in the season Professor Udden took up the work in
Louisa county, extending over it the survey which he had, the
previous season, made in Muscatine county. To thesouth he
connected with Dr. Keyes’ mapping of Des Moines county, on
the north with my own in Johnson county, and on the west
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with that of Mr. Bain in Washington county and Professor
Savage, who was working in Henry county. In Louisa county,
aside from many interesting problems of general geological
interest, Professor Udden made a careful study of the gas
field near Letts, which has for some years, yielded heat and
light to a number of the citizens. He made a careful test of
the pressure in wells and studies of the source of the gas.
While his results are discouraging to those who expect high
pressure gas to be found by deep drilling, they serve to show
that the field may be of some considerable local importance
and that the supply is steadier than is usual in the case of
drift supplied wells.

In Henry county, Professor Savage devoted some time to a
study of the formations present. He is now engaged in study-
ing the fossils and other specimens collected, and with another
field season he may be expected to complete the survey of the
county.

After he had finished the survey of Cedar county, Professor
Norton was transferred to Bremer, where he spent the final
weeks of the field season. In Bremer he has an opportunity
to carry farther his studies of the Silurian and Devonian, which
his previous work in Linn, Scott and Cedar counties has done
so much to clear up. At Waverly, Professor Norton was called
upon to advise as to the necessity of drilling deeper the well
which supplies the city with water. After a careful investi-
gation of the subject he demonstrated that deeper drilling was
inadvisable, and a test showing sufficient supply of water
present, the purpose was thereupon given up. This made a
saving to the city estimated at $6,000 besides preserving the
water supply from mixture with the more highly mineralized
and less desirable waters which are found at lower horizons.

In Worth county, Mr. Ira Williams, under the immediate
direction of Dr. Beyer, made a detailed survey. Worth lies
immediately north of Cerro Gordo county and the same forma-
tions are exposed over both. The work in Cerro Gordo was
completed in 1897 and Mr. Williams has now extended it to
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cover the neighboring county. His report, which is now in
hand, shows that his work has been done with great care and
it will form an acceptable addition to the series of reports
already issued.

In addition to the areal work, there has been an increasing
amount of subject work taken up by the Survey. It is impor-
tant that the people of a given locality should have a report
upon the resources of the region. It is, however, equally
important that the man who wishes to know something of the
coal, building stones, clays, cement materials, iron ores, lead
and zine, artesian waters, or other resources of the state with-
out respect to special areas, should have the best information
obtainable made available to him in compact form. If it is
necessary to run through a whole series of county reports a
stranger is apt to become confused and lose the proper per-
spective. As a matter of fact the Survey bhas more calls for
information from intending investors, relative to particular
subjects than to particular regions, and accordingly an effort
is being made to investigate as completely as may be the
whole of these particular subjects. With this in view areport
upon the coal deposits was among the first prepared by the
Survey. Later, reports upon gypsum, artesian wells, lead and
zinc and certain of the phases of the building stone industry
were issued. Some of these, notably those relating to the
building stones and artesian wells, will require further elabo-
ration as a consequence of new development. After the work
in the various counties shall have been completed it will be a
relatively easy matter to furnisha full and accurate report
upon these various subjects. Such reports must necessarily
include much of a genera! nature not appropriate in the
county reports. The artesian well report will, it is expected,
be from time to time supplemented by notes upon the new
wells. Professor Norton is now collecting and collating the
material for the first of these supplements. The report upon
Dubuque county will serve as an important supplement to Mr.
Leonard’s paper on the lead and zinec. There are no imme-
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diate plans for a special report upon the building stones,
though a considerable amount of data for such a report has
been collected. Within the year an abstract of this was fur-
nished to Mr. Whittle of Boston, who is preparing a general
report upon the building stones of the United.States. By this
means Towa stones are assured a proper representation.

The most important move during the year in the matter of
subject work has been the organization of a joint commission
to investigate the clay resources of the state. In this work
the Geological Survey has taken an active part, and is glad to
have had the privilege of co-operation with such bodies as the
Iowa Brick and Tile Makers’ Association, Towa Engineering
Society, the State College, and the State University. The
organization and purpose of the commission referred to is set
forth in the following circular issued by them and the work
done since its organization is detailed in Dr. Beyer’s report.

In 1898, eighty-seven out of the ninety-nine counties of Iowa produced some
form of clay goods. In all, over $2,000,000 worth of brick, tile, ete., were manu-
factured and sold, and 349 establishments were reported. The increase in output
of recent years is very marked. The great paving brick industry, with its out-
put valued at from a quarter to a half a million dollars, has grown up within the
last few years. In 1897 Iowa ranked third in the production of paving brick, and
it is now the most important state west of the Mississippi in that industry.
Important, however, as the clay industry has become, it still lags behind the
opportunity. There is cheap and abundant fuel. Almost every geological forma-
tion in the state yields some clay suitable for manufacture. There are large
areas underlain by the clays of the Cretaceous, which yield such superior product
in New Jersey and other Atlantic states, as well as at Golden, Colo., and other
points in the west. The coal measures, the great storehouse from which Penn-
sylvania, Ohio and Illinois draw their clay, cover nearly 20,000 square miles in
Towa. They afford a wide variety and a great abundance of clay. The loess, an
incomparable material for ease of working and cheap production of standard
builders, covers all or parts of sixty-nine counties. Lumber is largely imported,
stone is not much in use, the cities and towns are now putting up the second
generation of buildings, and everything conspires to favor a good local market.
To the north and west is a wide area devoid of fuel, and largely wanting in suit-
able clays, which must ultimately be good trade territory.

In spite of these favorable conditions, Iowa has for years imported large
guantities of clay goods. The bulk of the pottery used in the state, both fine and
common, is manufactured elsewhere; the brlk of the fire brick is alsoshipped in.
Large quantities of sewer pipe, paving brick, terra-cotta and fancy building
brick, come from outside its borders. This can only come from lack of apprecia-
tion of the importance of the local clays, or lack of ability to develop them.
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When, in 1892, the Geological Survey was organized, it was seen that the clays
would be one of the most important subjects for investigation, and provision was
made for their study. Mr. E. H. Lonsdale, at that time engaged in work for the
Missouri Geological Survey, was placed in charge of the work, and devoted his
attention to it in the years 1803 and 1894. His removal from the stat2, and subse-
quent death, left the work unfinished, though many valuable notes had been
collected. In the need of pushing the areal work it was found impossible to
detail anyone else to this particular subject. In the meantime the work of the
county surveyors continued to show the great extent of undeveloped resources,
and notes on the extent and occurrence of the various clay beds were continually
collected. It was impossible, however, to take up the study of the clays them-
selves, for want of either proper laboratory equipment or the funds to purchase
necessary instruments and supplies.

In the meantime the paving brick industry became more and more important.
The city engineers of the state, and other members of the Iowa Engineering
Society, had the problems relating to brick paving brought to their attention in
the course of their professional work, and at their annual meetings a number of
important papers were read bearing on different phases of the subject. The
engineers, however, worked almost altogether with the finished material. They
could determine the faults of the latter, but had little opportunity to study the
causes back of thess faults, and none to apply a corrective. It was also found that
there was strong need of standard specifications and standard methods of testing.
The tests formulated by the National Brick-makers' Association were found to
be open to some doubt, The exhaustive work of Maraton showed that the cross-
breaking test was probably much more reliable than the national committes had
rated it. Boynton, after a careful series of tests, found it better to use scrap-iron
in the rattler. There was grave question, in particular, whether the National
Brick-makers' Association did not rate the soft brick unduly high.

When these matters were brought o theattention of the society at its meeting
in 1808, a committee was appointed to consider the entire subject of paving brick
anl paving brick tests, with a view to som2 common understanding as to the
qualities desirable and attainable. This committee consists of Messrs. A. Mars-
ton, 6f Ames; C. R. Allen, of Ottumwa; C. P. Chase, of Clinton; C. S, Magowan,
‘of Towa City, and E. P. Boynton, of Cedar Rapids.

The brickmakers of the state have been vitally interested in the development
of the paving industry and of the clay industries in general. Individually, they
have experimented and have employed experts to study their clays and products.
Large sums of money have been spent in an effort to determine the needs and
proper methods of manufacture of pavers. Solong, however, as there was neither
a standard of quality nor any uniform method of testing, the results were uneven.
A manufacturer might spend money, time and labor to turn out a brick which he
‘knew would wear well and then have itrejected by some test of which he had never
before heard. The necessity for a common understanding became apparent.
This matter of paving brick is simply one in which there was this necessity.
There were other problems which quite as much needed careful and systematic
investigation by experts.

The notable work done in Ohio by the School of Ceramics at the Ohio State
University, under the aggressive direction of Prof. Edward Orton, Jr., has
attracted much attention, and in Towa there has beena growing convictionamong
those interested that a similar institution was badly needed. At Columbus they
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have a complete plant for testing clays on a working scale. Soft and stiff mud
machines, dry presses, repress, driers and kilns are all in use. Most of the
machinery was donated by the manufacturers in the interest of better clay work-
ing.

At the winter meeting of the Iowa Brick and Tile-makers’ Association, at
Sioux City, resolutions were passed commending the work of the Geological Sur-
vey and urging the advisability of a fuller investigation of the clays of the state.
A committee consisting of Messrs. J. H. Charles, of Sioux City; D. W. Townsend,
of Cherokee, and J. B. McHose, of Boone, to which has later been added Mr. C.
B. Platt, of Van Meter, was appointed to agitate the matter and, if possible,
secure action.

At the Towa State College of Agriculture and Mechanic Arts, located at
Ames, tests of paving brick have been carried on quite extensively, and Professor
Marston and his associates were planning to carry on the work the coming year.
At the State University, Professors Sims and Magowan were also planning to
take up the work. Under the circumstances it was thought that the time for
united effort had arrived and a call was issued for a meeting at Ames, June 14th,
Representatives of the Engineering Society, Brick-makers’ Association, Geologi-
cal Survey and State University accordingly met with the professors of the
engineering department of the college, and a joint commission was organized
with Prof. A. Marston, of the State college, as chairman and H. F. Bain, of the
Geological Survey, secretary. The visitors were welcomed by President Beard-
shear, after which there was a general discussion of subjects and methods and a
plan of work was adopted.

It was decided as a first step to make a careful study of paving brick with a
view to the preparation of a report on the methods of manufacture, the formula-
tion of a series of tests, the adoption of uniform specifications and the collection
of data as to methods of laying pavements, its cost and life. The latter portion
of the work was placed in the hands of the sub-committee of engineers, who were
requested to prepare blanks for the collection of this data. The Geological Sur-
vey agreed to detail Dr. 8, W. Beyer to visit the various plants in Towa and study
their method of manufacture, carrying on temperature, shrinkage, drying and
‘other tests, and collecting samples for farther laboratory studies. Chemical
analyses of the clays are to be made by Dr. J, B. Weems, of the college. Cross-
breaking, rattler and absorption tests of the brick are to be made in duplicate at
the college and State University, and tensile strength and other physical tests of
the clays are to be carried on at the same time. The manufacturers are furnishing
the material for these tests and bearing a portion of the expense. It is expected
that when complete they will yield very important information and will be of
material aid in developing the paving brick industry.

It is hoped that this work will prepare the way to the opening of a complete
clay-testing laboratory at Ames. At present the college has no room to spare for
the work, nor sufficient available funds to carry it on. It is expected that the
work on paving brick will be of sufficient practical importance to induce the
authorities to provide the necessary funds for further work.

Before adjournment the following resolutions were adopted:

WHEREAS, The clay resources of Towa have been shown by the Geological
Survey to be vast and varied; and,

WHEREAS, These resources are as yet largely undeveloped; therefore, be it
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Itesolved, That the plan of investigation here outlined is heartily indorsed and
the co-operation of the machine manufacturers, brick-makers, and all others
interested is urged. Furthermore, be it

Resolved, That the state be urged to establish at Ames a complete laboratory
for the testing of clays and clay products.

The progress of the work is set forth in Dr. Beyer’s
administrative report, which is appended. The materials col-
lected for testing are now assembled at Ames and Iowa City,
and as soon as the crowded condition of the buildings at the
former place will permit, a building will be set aside for a
special elay laboratory.

Perhaps the most important change in the local mining
situation within the year has been the opening of the iron
deposits near Waukon. That iron ore occurred here, as at
other points in Allamakee, Dubuque and Delaware counties,
has long been known. Mr. Ellison Orr described the Iron
Hill deposit in the first volume of the American Geologist, and
it together with two other beds were located and described in
the report on Allamakee county appearing in our volume IV.
More than twenty years ago an attempt was made to develop
the ore. A number of test pits and drill holes were put down
to determine its extent, and numerous analyses were made by
Professor Fischer of Milwaukee. His analyses, quoted from
the printed prospectus of the development company, gave the

following results.
FISCHER'S ANALYSES OF WAUKON ORE.

BLACK YELLOW AVERAGE

ORE. ORE. ORE.

Iron OXide; oo iianatinanas | s e 56.76

Metallie dron ! 7w ss s siwi 58.54 . 54.79 e

Bl em s it e e At 4.00 5.12 11.02

= Py oL ol S o et s e 11.92 11.92

Phosphoric acid...........  ...i. .13 .30

TG e e SR A0 .70 .70
Magnesia ... o..ciiasnraas I g tr.
Alumina...... AT et St e P S R L i tr.
Manganese........cov0nnes e E tr.

Unfortunately, however, the conditions were not ripe for
the development of the deposits, for it is the industrial condi-
tions prevailing at any given time, as much as the character-
istics of the ore itself, which fix its value.
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The present demand for iron ore has attracted attention to
the Towa deposits, and an effort is now being made, with good
chances of success, to develop the Iron Hill beds. Through
a misprint it develops that the analyses published some time
since by the Survey placed the phosphorus entirely too high;
an unfortunate error only recently discovered. The decimal
was wrongly placed and the correct analyses should read:

NO. 275. NO. 278, NO. 209.

b ey SO A Sl 54.32 66,92 58.68
2P LE T e S e S LI e 4 TS T
Phosphorus. . izsse. e 13 .503 115

This is substantiated by the following new analyses made
by Professor Weems from samples taken this fall by Mr. Bain,
as well as the average results of some fourteen analyses made
by various chemists for Mr. Nehrhood, the lessee of the mine,
which place the phosphorus at.13 per cent.

WAUKON IRON.
J. B. WEEMS, ANALYST.’

Water and loss on ignition......covvvviiiiiiiiiiia., 12.34
Silica and in80Iuble i.evevue.ieeis coierenriieieina. 9.08
Tron pxid e (€ b iat i i e s s e s el 68.40
T Yy 0 B B P P B b A e R e st 3 6.08
Manganoye 0X106 MI'O . vunsinmsonicstses e s .90
Phosphorous pentoxide P,Og..ccvivvniiiiiiinneninnn, .41
Y b T T R e e e T YTt I Ee W91
Sulphnrtrioxide:S ) ss i sty vas e st v d bs b vty .40
LB s o T g s B e S S e e A P 1.48

o M A e I AR Ve e U ST 100.00
Metallio ironi ... .o van e e 2 e e e e L e 47.88
) o R e b ORI | s MESSUL O8N Y (1 .18
PotRl enlpBuY o <5 s i e e e b e s Ml 1.07

The importance of the Waukon ore is found in the fact of
the cheapness with which it can be mined, and its fair quality.
The ore is a surface deposit, covered with only very light

-stripping, and when a switch shall have been run to the mine it

can be loaded at a very low price per ton. While it is not so high
in metallic iron as the red hematites of the Lake ranges it is
high for limonite and is exceptionally low in sulphur. The

~ore is open and porous, so that it is readily smelted. At
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present it is being shipped to Milwaukee and used in furnace
mixtures, but if the fuel problem can be solved it is not
impossible that the region may see some local smelting.

In connection with the activity in iron mining it is interest-
ing to note that the coal mines of the state have hada year of
unusual and welcome prosperity. Several new andimportant
mines have been opened, the Whitebreast mine in Monroe
county being one of the best equipped in the west. It is
gratifying also to state that experiments seem to have
demonstrated that in ovens of proper construction certain at
least of the Towa coals can be coked, and arrangements are
now being made to build the first battery of ovens at Des
Moines. The value of Towa coal for steaming purposes has
been undoubted and certain boiler tests made at the capitol
this year show it to be even better than commonly believed,
slack coal evaporating 5.01 to 5.55 pounds of water per pound
of coal at 212°, which results in a cost for fuel per horse power
of 3.07 and 2.76 cents for twelve hours. Thisis interesting as
showing what may be actually attained under working condi-
tions. If any considerable portion of the coal can be prepared
for metallurgical work within practical cost limits, it will
open a new field for the Iowa mines and prove of greatimpor-
tance to the state.

That Towa contains large quantities of material such as is
elsewhere used for the manufacture of Natural and Portland
cement, has been known for some time,and in view of the
present large demand for cement it was thought well to make
an investigation with a view to determining whether any of
this material was so situated as to be available under present
conditions. Mr. Bain was accordingly detailed to the work.
The preliminary examinations have been completed and the
results are so far quite favorable. It is hoped that a full
report upon the subject may before long be furnished.

In the meantime the gypsum industry continues in a flour-
- ishing condition and makes annually a large contribution to

the plaster output of the country. The small number of pro-
3 G Rep
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ducers in the local field makes it impracticable to publish
statistics of thisindustry without unduly revealing details of a
private business nature. With this exception, however, the

statistics published by the Survey are very complete. Last

year not a single producer of any importance failed to reply.
The statisties will be again collected this year in connection
with the United States Geological Survey.

The work of collecting soil samples as outlined in my last
report has been steadily carried on and the material isnow in
the hands of the chemist for examination. Professor Weems
has made numerous other analyses and examinations for the
Survey as detailed in his report accompanying this.

Within the year volume IX of the Survey reports has been
printed and distributed. The maps for volume X are now
well under way and our first bulletin, ‘“The Grasses of Iowa’’
by L. H. Pammell, J. B. Weems, and F. Lansom-Scribner, is
now in the hands of the printer. The demand for the reports
of the Survey has been so great that only volumes VIII and
IX can now be supplied except by sale. A change made in
revising the code, to which attention has only been called
within the last few weeks, direets that 1,000 copies of the
annual report shall be bound in the public documents. This
will relieve the pressure for copies of the report considerably.
The office work at Des Moines has been carried on as before
except that during the first months of the year Dr. Beyer
assisted in it. A simple laboratory equipment has been putin
at Des Moines so that blow pipe and similiar tests can be made
there. Many of the specimens sent to the Survey for
examination require only such a test as can be made in a few
minutes, now that the equipment is at hand.

One of the important results of the work of the Survey has
been the bringing together of a strong corps of assistants.
With the opportunity which the Survey work has afforded the
various members of the corps have acquired familiarity with
the methods of research,with the problems in hand and with the
field itself. This added experience is reflected in the greater



REPORT OF THE STATE GEOLOGIST. 27

accuracy of the work and the added rapidity with which it
can be executed. The training of a force of even experienced
geologists in the needs of a particular field is a work of time,
and the results accomplished in this work are not among the
least important that the Survey has to present.

I have the honor to remain, gentlemen,

Yours very sincerely,
SAMUEL CALVIN.
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TowA GEOLOGICAL SURVEY, |
DECEMBER 26, 1899. 1

My DeAR SiR—I have the honor to submit to you the fol-
lowing report upon my year’s work.

Portions of February and March and May were spent under
leave of absence, in work in other states. While this
shortened somewhat the field season in Towa it also lessened
the season’s expense and is believed to have been a distinet
advantage to the local work in that it made possible wider
comparisons and deeper study of local phenomena. My
absence was made possible by the hearty co-operation of Dr.
S. W. Beyer who, in the earlier portion of the year, relieved
me of much of the usual office work. It was impossible to
delegate all of this, however, and as before much time has
been taken up with the details of illustrating, printing and
binding the work in press during the year. '

The correspondence has also been unusually heavy. The
revival of business and the ease with which money can be
obtained for investment, together with a better understanding
of the facilities of the Survey, has brought more than the usual
number of inquiries with regard to our mineral resources. It
is impossible to answer all of these by means of printed matter,
and a single letter often entails a day’s search for the desired
information. It is believed, however, that in no way is the
Survey as directly fulfilling its duty in stimulating the devel-
opment of the mineral resources of the state, and the letters
of thanks for such service received from railways, mine
owners, manufacturers, bankers, editors and others, indicate
that the work is fully appreciated.

28
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Aside from this general work my own efforts have been
devoted mainly to the continued study of the lead and zine
fields of the state and to a search for material suitable for
manufacture into Portland and other cements. Itis a great
pleasure to be able to report that the development work of the
year at Dubuque tends to confirm the opinion arrived at last
year, that there are important bodies of zinc blende to be
mined in the region. The deeper work inthe Alpine mine has
continued to show good ore. The Avenue Top, Longworthy
and Bush mines, all of which have been operated to some
extent this year, show good ore bodies with every indication
of a continuance of the jack to a considerable depth. The
Pikes Peak mine, developed this year by pumping out one of
the best known of the old lead ranges, has proven an important
producer of jack. At present development work is being
carried on on the Locky, Levens, and other crevices with
every indication of success, and arrangements are being made
to open up a considerable number of others. The Dubuque
Ore Concentrating Company has built and equipped a large
mill to handle the ores of the distriet, and it is believed that
with better preparation of the ore, much better prices can be
obtained. Further details are presented in the report upon
Dubuque county, now in preparation for publication in this
volume.

In the matter of cement material it is too soon to publish
results. Personal visits have been made to, and suites of
samples representing average quantities of each layer exposed
have been collected from, some seventeen different localities.
In addition smaller quantities, collected by myself or other
members of the Survey, have been examined from a large
number of other points. Some of these samples have been
analyzed and the remainder are now in the hands of a chemist
who has had large experience in the manufacture of cement.
It may be stated that favorable material has already been
found, but until the investigations.are completed it is thought
better to publish no results. The cost of a modern cement
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mill is large and its success depends often as much on matters
of fuel and industrial conditions as on the mere presence of
suitable material. The industry is one requiring high tech-
nical skill and it is hoped that before publication an opportu-
nity may serve for acquiring a wider knowledge of the actual
manufacture of cement. The work will be pushed as rapidly
as possible and a preliminary report will be submitted at the
earliest practicable moment.

In the organization of a joint commission for the investiga-
tion of clays I had the pleasure of taking part. The work
since the organization has, however, been wholly in Dr. Beyer’s
charge and T have devoted but little attention to it.

In mapping, my personal work has been confined to the com-
pletion of certain areas in Dubuque county, left over from last
yvear. I have, however, held field conferences with Professor
Norton in Bremer county, Professor Udden in Louisa,
Professor Miller in Marion, Professor Macbride in Osceola
and Dickinson and Mr. Wilder in Liyon and Sioux. In company
with Mr. Wilder I made a bicycle journey from Carroll county
northwest as far as Sioux Falls, studying the drift of the
intervening region. Mr. Wilder then took up the problem
and his report, appearing in this volume, shows how success-
fully he has attacked it. I have been over most of the region
in his company or alone, and would wish heartily to concur
in hisfindings. Very respectfully,

H. F. Bain,
Assistant State Geologist.
To PRrRoF. SAMUEL CALVIN,
State Geologist.
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CORNELL COLLEGE, }
M. VERNON, Towa, December 23, 1899.
Dr. Samuel Calvin,
Director lowa Geological Survey:

Sir—I herewith submit a report of my work for the current
year as an assistant upon the Iowa Geological Survey.

During last summer the field workin Cedar county was com-
pleted, and that in Bremer also nearly finished. The manu-
script of the Cedar county report is nearly written and will
be presented in due time for publication in the forthcoming
annual report of the Survey. Both of these areas were found
unexpectedly rich in geologic interest, and a detailed state-
ment of their resources can hardly fail to be of economic
. value.

The office maintained by the Survey in the department of
artesian wells has steadily increased in usefulness. So faras
known no deep well has been drilled recently without consult-
ing with the Survey except in towns where the artesian con-
ditions were already well known from previous borings.
Copies of the writer’s report on the Artesian Wells of Iowa
have been widely distributed throughout the state, and in a
number of towns intelligent citizens have made themselves
thoroughly familiar with the artesian possibilities of their
localities. In nearly every instance where a deep well was
under advisement, requests have been made to this office for
detailed specifications as to the depth, and the quality and
the quantity of artesian water. Several towns have requested
a personal examination of the local conditions. Advice has

31
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also been asked as to the prosecution of the work of drilling,
and in this way several thousand dollars have been saved to
the consulting municipalities. Ofstill greater value, perhaps,
is the professional advice freely given in encouragement of
enterprises under consideration.

It is a pleasure to mention the most cordial co-operation
which has been furnished in securing records and sample drill-
ings of the recent deep wells of the state. The data thus
obtained are of great value, whether they rectify or corrobo-
rate the conclusions already reached as to the deeper strata
of Towa, and the artesian conditions dependent upon them.
Each well sunk is a test of the accuracy of the geologic maps
and sections already published in our reports, and so far the
results of the application of these tests has been most grati-
fying. So nearly, for example, has the depth to the first chief
aquifer, or water-bearing stratum, been calculated, that the
discrepancy between this and the actual depth at which it
was reached by the drill is in no instance, so far as known,
greater than the variation in the thickness of the aquifer.

Such is the value of the facts accumulated since the publi-
cation of the reports on the artesian wells of the state, that it
would seem well to place them on permanent record as a sup-
plemental report in the early future.

Since my last report to you professional advice has been
given to owners or projectors of deep wells in the following
towns:

Within the last thirty days estimates have been made out
for wells at Muscatine and Letts.

At Sumner a deep well is now being put down by the town.
Throughout the work this office has been in close touch with
it, receiving the fullest information from time to time, and
samples of the drillings. Our last communication was early
in December, when we advised the town to carry the well
still deeper.

The town of Waverly completed in August a fine artesian,
discharging between 300 and 400 gallons a minute of pure and
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delicious water. The committee in charge consulted with us
when the contract was let last February, and at intervals
during the prosecution of the work. When the well had
reached a depth of 1,718 feet, I was called to Waverly by the
council to consult as to the advisability of carrying the well
to greater depth. Although thealmost unanimous opinion had
favored sinking the well several hundred feet deeper, a pres-
entation of all the facts bearing upon the case brought about
as great an unanimity to the contrary, and the work was.
stopped at once. Several complete sets of samples of the
strata penetrated were saved and one of these has been given
to the Survey. In our published map showing the altitude of
the St. Peter, the height of it at Waverly was placed at 200
A. T. This sandstone was reached by the driller at 238 A. T.

Last April the city council at Marshalltown applied for
information as to the possibility of obtaining artesian water
for municipal supply. It was stated that 2,000,000 gallons
daily would be necessary. In reply the distance was stated
to the chief aquifers at that station. These were found to lie
within practicable limits, but no encouragement could be
given that the amount of water considered needful could be
obtained.

One, also, of the large manufacturing establishments of the-
city consulted with this office with regard to the sameé general
questions, and upon study of the chemical constituents of the
deeper waters of this region as shown in published analyses
in our report, abandoned its project of sinking a deep well,
since the waters would probably be unsuited to their specific
purpose.

In September last inquiries were made by the city council
at Bloomfield as to methods of drilling, reliability of drillers,
and artesian possibilities at that locality. In the same month
the question was presented of methods to secure in the well
now drilling at West Liberty a less heavily mineralized water
than that obtained in the first well sunk in that town.
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In the course of the survey of Cedar county during the
summer, a set of drillings from the Tipton artesian was
obtained more complete than that used in our previous reports.
We shall thus obtain a better section of one of the deepest
borings in the state.

In February the office was asked for an opinion as to the
possibility of obtaining artesian waters at Chariton, and in
reply a full statement was sent, showing depth to the aquifers,
geologic conditions, ete.

In the same month an interesting artesian was completed
at Osage. Some two years earlier our advice had been asked
on the subject and a strongly encouraging letter stating the
geologic situation was published in the local papers. In this
letter the probable depth to the St. Peter was estimated at
from 700 to 750 feet from the surface. In the well lately
finished this formation was reached at about 720 feet. The
main aquifers of the Towa field were not here penetrated, the
drill stopping at 780 feet at the base of the St. Peter, with a
supply of water which seems to have appeared sufficient to
those in charge of the work. If it should prove inadequate
to the needs of the growing town, the well can easily be sunk
to the more generous water-bearers a few hundred feet below.

The deep well at Crapo Park, Burlington, was not drilled
under the supervision of this office and we have been unable
to secure samples of the strata penetrated. These, however,
were carefully studied by Mr. F. M. Fultz, who published a
most complete and valuable paper on the geological section
in the 1899 reportof the Iowa Academy of Sciences. When the
well had reached a depth of 1,520 feet we were consulted by the
park commissioners as to the probability of securing a
higher head of water by going deeper. It had been thought
that perhaps by going to the depthof 2,300 feet artesian
water would be encountered under the same head as at Boone
and at Des Moines. Such an expectation was without founda-
tion and could not be encouraged, and though the well was
sunk to 2,430 feet no additional head was obtained.



REPORT OF W. H. NORTON. 35

At the Towa Hospital for the Insane at Mount Pleasant a
well was finished last year of which a record has been supplied,
and it is promised that a set of sample drillings will be fur-
nished for examination. At the same time several citizens of
Mount Pleasant consulted with us on the question of artesian
municipal supply, quality of water, position of well, ete.

Two artesians have recently been drilled at Dubuque, two
at McGregor, one at Anamosa, and one at Clinton. Of these
more or less complete records have been preserved, and will,
doubtless, prove of value, although the stratigraphy of each
of these localities is fairly well known from previous borings.

Wells are now being sunk at Towa Falls and at Hampton.
At both towns we arranged with responsible persons for com-
plete records and samples of the drillings, and it is hoped that
these important borings may make a marked contribution to
our knowledge of the deep strata of Towa. In these, asin all
cases similar, those in charge of the work were promptly com-
municated with and informed that the services of the Survey
were placed at their free use.

I have the honor to remain,

Your obedient servant,
WiLLiAM HARMON NORTON.



REPORT OF S. W. BEYER.

IowA GEOLOGICAL SURVEY, 1
Des Moings, Iowa, December 30, 1899. |

My DEAR SIR—I have the honor to submit the following
report of work done by me during the year ending December
30, 1899. During the first quarter of the year my time was
occupied thoroughly in the routine work of the office and
sharing with Mr. Bain the work of getting volume IX through
the press. The work of compiling the mineral statistics of
the state for the year was assigned to me. In the capacity of
statistician of the Survey several trips were made to the chief
mineral-producing centers of the state. The report on the
mineral output for 1898 appears in volume IX.

In June, at a conference composed of representatives from
the Towa Brick-makers’ Association, Towa Engineering
Society, Iowa Geological Survey, the Iowa State College and
the State University, held at Ames, it was decided to under-
take an investigation of the Iowa clays, the work to be
done jointly by the institutions concerned, the Survey to
undertake the field investigations in the collection of both the
raw materials and the manufactured products for further
investigations in the laboratories of the State College and the
University. It wasdeemed best that for the current year the
inquiry be confined to paving brick. It was my good fortune
to be appointed to represent the Survey.

The works at Ottumwa, Oskaloosa, Davenport, Burlington,
Fort Dodge, Sioux City, Boone, and Des Moines were visited.
Experiments were conducted at Boone, Burlington and Des
Moines. It was deemed best to study methods actually in

36
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use and to test products not especially made to be tested but
as actually put upon the market. A complete history of the
clay from the pit to the finished product was desired and could
only be obtained by personal observations at the factories.
It was believed to be important that the character of the clays
and shales should be carefully noted, that the shrinkage be
determined volumetrically and by weight and that the condi-
tions of drying and the actual burning temperatures for the
various portions of the kiln be ascertained.

With the above facts in mind the pit sections were examined
carefully and the different strata noted. The green brick as
they came from the machine were weighed, numbered and
measured. The brick were again weighed and measured as
they came from the drying kiln, and once more when taken
from the burning kiln. Seventy-five brick were experimented
on. These marked brick were separated into three groups of
twenty-five each and placed at three points in the kiln. The
first series was placed near the center and at the bottom of
the kiln, the second group at the upper central portion, and.
the third series at the top near the bags and but little or not
at all protected from the direct heat of the furnace. A series
of Seger’s temperature cones were placed with each group.
Liberal samples of the separate beds of clays and shales were
collected for a study of the physical and chemical properties,
and the marked brick, along with an additional number of
brick selected from the same place in the kiln, were shipped
to Ames to be subjected to various tests known to engineers
and believed to determine the qualities of brick. Duplicate
series were shipped to Iowa City for similar tests. The work
is not far enough along to warrant generalization or the state-
ment of definite results. This much may be said, however,
that all of the factories visited utilize a hetrogeneous series
of clays and shales, varying greatly in composition and struc-
ture, that the average shrinkage varies from 20 to 35 per cent
volumetrically and from 20 to 25 per cent by weight and that the
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burning temperature varies from 1900 F' to 2300° F. Com-
plete vitrification is not far from 2500° F\

No work has yet been done on the chemistry and physies of
the clays, and testing of the manufactured product is only
begun.

One week of the field season was spent completing the work
in Hardin county and the report on the county is now well
under way. Very respectfully yours,

S. W. BEYER.
To Pror. SAMUEL CALVIN,
State Geologist.
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AMES, Towa, December 21, 1899.

Sir—I have the honor of presenting the following report
relating to the chemical work of the Survey:

During the year the analyses which have been made are as
follows:

XO. OF NO. OF

SAMPLES. DETERMINATIONS,

' 12 samples of rock for determination of phosphoric acid.. 12
9 samples of limestone...... e AT PR A A i 81
T g L B o € o0 o YR O SR N O I S S R 5

1 sample; OF COPPBL OXB . i st sanaiisias  ekissiiias 1
2ieamples ol SIag. ... oo carline vian s s g s s el 22

1sample ofslate...........o.ciuun, P e B e 9

Total determinations.....cocveiereeirsreernnarnans 130

All of the above determinations are made in duplicate. In
addition to the above there has been other work on the
co-operative work between the Survey and the Experiment
Station in its botanieal and chemical sections in an investiga-
tion of the grasses of the state. This investigation is now
almost ready for the press, and will probably be published in
the near future. r

The investigation on the soils of the state by the chemical
section and the Survey is still in progress and is advanced as
much as it is possible to expect considering the amount of
routine work of the section.

It may be well to call attention to the practical work of the
Survey as a valuable adjunct to the regular geological work
and under this consideration the soil work would naturally be
placed. The state of Towa is naturally an agricultural state
and investigations which will aid the farmer in coming to

39
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understand the soils, which present some of the most compli-
cated problems, will be of the utmost value to the state at
large. There is always an opportunity for valuable investi-
gations of this nature, and it is hoped that in the coming years
the Survey will be the means of rendering much valuable aid
to the farmers of the state.
Very respectfully submitted,
J. B. WEEMS.
To PRor. SAMUEL CALVIN,
State Geologist.
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VALUE OF MINERAL PRODUCTION.

Bogliivcisasss P R E A E s $ 6,137,576
Clay (estimated).... .. e R ve eeeenns. 2,500,000
12174) 1= S e e e SRR Y SiTwves 809,024
‘Gypsum (estimated)....... EPR P e e e RS PN I 600,000
Lead and ZiNC.. ... vevrerrrereneeinssnnnsennennnnn 50,542
Tron OTe...seesssisssssis PRt RN NS AL 3,465

Total value.....cvuuuuans R P e P e .$10,101,507






MINERAL PRODUCTION OF IOWA IN 18gg.
BY 8. W. BEYER.

The year was characterized by great activity in all of the
industries; the greatest, perhaps, the country has ever known.
This was especially true of the so-called extractive industries
of which mining is one. The output for the year shows great
gains in every department, not only in quantity but more
especially in price. The output of coal increased nearly 10
per cent, while the average price per ton shows a net gain
of 11 cents per ton. The production of stone increased
almost a quarter of a million dollars, or more than 43 per
cent. The statistics for clay are not in hand, but a conserv-
ative estimate would place the total output at least 25 per
cent greater than for the preceding year. The lead and zinc
industry shows a healthy growth and, for the first time, Towa
must now be listed as one of the states producing iron ore in
commercial quantity. The gypsum industry enjoyed a most
flourishing year and the value of the output exceeded a half
million dollars.

As in 1898, the work of gathering statistics has been carried
on jointly by the State and Federal Surveys, save in the case
of clays. The work of compiling the clay production has
been undertaken by the Federal Census Bureau and the
figures are not yet available.
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TOTAL PRODUCTION,

The value of the mineral production in 1899 was $10,101,507,

distributed as follows:

©
Eg
g 58
s |e%

= Z
Goslieiinn R A R P T TS cewess..| 86,137,676 | 203
Clay (estimated)........... B R T R T TR .| 2,500,000 | 360
BUOTG. i s wvavninanis sois Seae be el e 809,924 | 175
Gypsum (estimated)............ o e et R R e 600,000 6
8 BT R T R L e e e S Ay e ey s 50,542 9
Ironore. ......: aealamn A iy A 3,465 1
Total.....vvvuuns SO0 7 R —— O —— .e.... 810,101,507 | 754

The United States Geological Survey placed the value of

the mineral output of the state for 1898 as follows:

GOAL e i T r e e T R e A e St ...$5,260,716
GBS o o o0 omnmsizasanme wanmw B R A ceveess 2,150,822
Blane: s s it P T S YR 531,648
Léad snd:glnet. .o ST 43,784

Total....... G R TR ....87,986,970

The production is shown by counties for all, save clay, in

Table I.

*Iowa Geologieal Sarvey.



TOTAL PRODUCTION.

47

TABLE I—TOTAL MINERAL PRODUCTION BY COUNTIES, SAVE FOR CLAY.

= D

—_ g

g 2 24

COUNTIES, - =g <

3 E £8 £

=} =] g*H °

= 3 = 3
AR g siais, o dan SEE TR SR 8 34,920 |.........feinnen ... 8 34,920
Allamakee........... R Y T swaase cooeel B 53 |8 3,465 3,518
APDPAN00BS 1 4vevrssursanronis socnnas 885,358 [.evuneses 885,358
BODtON s . invieseseiviosaciss s 3,857 |..... ,857
BINoE HEWE: .. o cctimdnesionninsidsei] e odsditss 5,289 |....... o 5,289
Boone....... ..... S — 424,018 |...iovnsen e i 424,018
OadAl » vosrersvmvessesscesss 114,455 |..... 114,455
Cerr0 Gordo. .o ssnsss svs narnaess|ivsssizaeee 11,784 |..... 11,784
ClaYIOn oo viveswwemesones ori s |aseen 7,867 7,867
(5155717, TR s T 1,136 1,138
Dallas ..... SR R S 16,992 s | s viaey 16,992
DBCRIUT i icavis vinsaaes s dvs ssnine ) P F. 1 ) reme ot 1,188
Delaware........... e a i 1,446 |......... 1,446
Des Moines........... T oo i [0 i {175 1 & Ny 182188
TPOBDUAUS o o o is-asssioinsnsiivss s | [ 36,3 50,642 8’7928
FAYOLEO . v aevsens svnmemennse T | W———————— R ) b ———" 12,135
Floyd.......... MU — PR (W——— 4,025 |..00vennes 4,025
Greene..... T 1 52 L1771 DA o | 21,430
Hardin coei snsaveviamaniis B (R 15831 |vsaninss 11,831
Howard ...voviisnssinanis R Y 1208 |svivenais 1,256
Hamboldd.vsuviiieuas IR T LS L0000 |renrinnas 4,900
Jackson...... S AT T R R . BT,659 |..cuiivsea 67,659
Jasper ...c.cecuann T T 213,384 |usaionni| vnevarnsail 273,354
JONDBOD. cevvesrensnrss trescanss 26,348 |...ivinans 26,348

JOOBB: sasconvisanasssosmprnssnnsns|en

ROORUK . ovvooirnnonsssssfysesns B

b T . e AN "

"'396,671

PR LTI

TN 4 vas wisnammarmnnis sa e snamees s semee| v e sesvese

O it o A e i i

Marion. .. -iiva
Marshall o idivicisieanses s sdsvaas
Mitehell .....co00uns e PR

Montgomery .....sicevsvesscssennans
PREO covuiromnnnns g ST n e e

Pok e L . =
Scott ...... —— e L
(2170 5 R — rysT
PRI o giarsisvvaicninm aaiims 1
Taylor ...... e B
Van Buren.... ..... AL
Wapello oo iimrininsinaissavesis
Warren ..... R P P T T T o ooy
Washington......cvenneanses
Wayne .....ceeues
Webster .......... TR AN
Single producers...............
Total clay output estimated .........

5,925

76,596
399,865
27,184
50,800
2,320

5,925
1,428,201

2000 000

$6,137,576

$654,007

$10,101,507
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COAL.

The output of coal for 1899 shows a marked increase over
that of the preceding year, both in tonnage and price. In
fact the output was greater than for any year in the history
of the industry in the state. The average price per ton was
greater than for any year since 1894, The actual selling price
was, in many instances, far below the real market price, on
account of contracts made early in the season. Of the total
output less than 10 per cent was sold locally or consumed at
the mine. The average number of days worked was notably
“greater than for the preceding year. Table II gives the total
- tonnage, average price per ton, total value, number of mines
producing, average number of days worked and number of
men employed, arranged by counties.
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TABLE II—COAL OUTPUT BY COUNTIES,
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3 g 2 %

e B 25| &

COUNTIES. g ToNs. | §g | VALUE |go g E

ERYS 5 B gl o

g8 =] ? E L] [}

= < < =
BWABIIEG - cisivaa s s an s e sl 6 19,821 (% 160 | 8 34,920 | 170 50
ApPpPANO0SE....overianniainas eai||” 48 633,809 | 1.40 885,358 | 215 | 2,091
|2 T T T e 13 262,632 | 1.61 424,018 | 205 896
PAIBE, s arinniamsene mussswaun 3 10,813 | 1.57 16,992 | 255 37
Greene ........ius e AR 5 13,280 | 1.61 21,430 | 225 61
JBSPEr s iiveriviiienes it e i 8| 214,677 | 127 273,354 | 197 320
Keokuk.......... e 11 336,065 | 118 306,671 | 220 536
B i pimiaeiasinpns dasais 1 3,700 | 1.60 5.925 | 150 25
Mataaka, i o oosivnriaisiveies ...l 16| 1,277,248 | 1,12 | 1,428,201 | 270 | 2,223
Mavion .. i Pt e 15 232,351 [ 1.06 248,046 | 235 487
MOLTOB vy ssonsinsassssmessmesons 9 684.004 | 1.04 714,062 | 215 | 1,201
PUEB;, rasiaintos womiidais il 3 4,000 | 2.25 9,000 | 150 26
) 57 1T VS | 18 691,989 | 1.37 947,660 | 230 | 1,087
o oy R L e e 2 7,348 1.75 12,193 | 264 34
BT oo siesmenmeursss Se—— ol & 6,788 | 2.38 . 16,164 | 200 29
Taylor ..... - SRR 2 12,165 1.82 22,110 | 220 36
Van Buren......cceeeeens N S 2 7,385 1.50 11,077 | 24 15
WapeHo, ... s T Ty, 13 316,460 | 1.14 361,027 | 270 568
WaMreN- i wea i R 4 14,655 | 1.48 21,629 | 220 32
Wayne. i visiaeiai AT ORp i 3 60,418 1.40 84,610 | 158 224
Webster ........ . denTasusieeamy 15 118,770 1.64 193,139 | 220 310
i I | R S 203 | 4 928,477 | $1.25 | $6,137,574 | 229 | 10,268

In gathering the statistics for coal it is not always possible
to secure separate reports for the various sizes of coal put
upon the market. In the above table no attempt has been

made to make such a separation.

Mine run, nut and slack are

included in the total, hence the average price.for lump coal
would be materially higher than the figures given in the

table.
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The average number of days worked was greater than for
any year on record, save 1892, while the number of men
employed was about the same as for 1898. The average num-
ber of days worked and the number of men employed during
the past eight years, according to the best information avail-
able, was as follows:

5T |

aed| 8
YEARS %%285°3
Er_,l.. E=-N-u3
coP|HSS
- nﬁﬂ-

< 4
I802ns s snaimiin e U R N N B TR i 236 | 8,170
1893.... e T T S S R S A ervasnennes| 204 | 8,863
(. W R R AT e R B RN wenenes| 170 | 9,905
N s, O e A - 189 | 10,086
1896un s een e N e 178 | 9,672
L P P P SoTE AR RSN s 201 | 10,703
1888 v seasie s S aiiaeie b aa P AT e e AR 218 | 10,256
B R L L o e Al A P i Y e e 229 | 10,268

In 1898 according to the authority of U. S. Geological Sur-
vey, Iowa ranked eighth in tonnage and fifth according to the
value of output.

She still maintains her rank in first place of the coal pro-
ducing states west of the Mississippi. The ten leading coal
producers ranked as follows for 1899:

38
RANK. STATE. TONS. VALUE. | Bux
s B

<
1 Pennsylvaaia ..| 65,165,133 | 843,352,588 | 8 .67
2. .../ Tllinots. ... .. 18,500,209 | 14,567,598 | .18
3. ...| West Virginia.; 16,700.999 | 10,131,264 | .61
4, PR [ & ). T, Y 14,516,867 | 12,027,336 .83
5 ..| Alabama....... 6,535,283 4,932,776 .15
6. .| Indiana .......| 4,920,743 | 3,994,018 | .81
T .| Maryland.. ...| 4,674,884 3,632,257 15
8- | w2 m—"— 4,618,842 | 5,260,716 | 1.14
9. Colorado ......| 4,076,347 4,686,081 | 1.16
10 Kentucky ..... 3,887,908 | 3,084,551 | .79

In some respects the statistics given in the report of the
state mine inspectors gives a better idea of the remarkable
increase in the amount of coal produced during the winter of
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Table III compares the output for 1899 with the output for

the five preceding years:

TABLE III
a - -
YEARS. E E E % AUTHORITY.
% & S
T80 s saiiani A 3,967,253 | $1.26 | $4,999,039 | U. S. Geol. Survey
IBOB. . o aererssmsnss AN o 4,156,074 | 1.20 | 4,982,102 | U. S. Geol. Survey
1896......... B == veee..| 3,064,028 | 1.17 | 4,628,022 | U. S. Geol. Survey
1897, eiiiiinninnnaennnienaen| 4,611,865 | 1.13 | 6,219,503 | U. 8. Geol. Survey
1808i e mesan cere sesessseassess] 4,618,842 | 1.14 | 5,260,716 | U. S. Geol. Survey
1899..... T 4,028,477 | 1.25 | 6,137,576 | Towa Geol. Survey

1898 and 1899. According to the ninth biennial report of the
state mine inspectors, the output of coal for the year ending

June 30, 1899, was as follows by counties:

TABLE IV—COAL OUTPUT FOR YEAR ENDING JUNE 30, 1899,

=1 o
3 = w5 S
3 s |£8F
COUNTIES. '§ 5. EE?:
2 -Eg oG
K 58 |#88

o Z <
. Y F ) oA B win e 4,000 24 | 82.00
22,800 143 | 2.00
....... ' 1,854 | 1.25
905 | 1.51
61| 1.65
23 1.25
106 1.43
100 | 2.00
BET ) o SR . B 358 | 1.25
JOLOr ON < v envevsas srnsmrvvinasone 20 | 1.75
JCOORUE s o csivamovasisnie 609 | 1.25
Lueas..coaees T A . Sl TR 74| 1.50
Mahagka...ooivunanans v i R T 2,343 | 1.25
Marion........ 284 | 1.24
MOMY0B: 2 wivis sorus s Tiasy Ritai e s sees s ampeak 1,137 | 1.18
POPO. v iaiaansusonnsensssans PP P et P R P e A 52 | 2.00
Polkic,ivoavase svoss SN e 1,326 | 1,37
BOOIE i con it smablsadens bvamend o sk e il s 57| 1.60
2] 0 o P 451 1.65
Taylor.......... S A L T 49 | 1.75
Van Buren....cocoissenessverease . 38 | 1.35
Wapello..... couuns o 1 T e 4 BT AT 500 | 1.18
WREROD: o oorviumeomsainainia sinmstuie e W e et 15,000 72| 1.50
VRIS o v s minn e iV sio B e insiommm siowsess il 48,300 204 | 1.30
WeDBLEr, . sociiin spgmasaaissavasdesm o LreRisrwsrisan 185,350 510 | 1.43
Total ..... R R R R R 4,049,307 | 11,029 |......
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CLAY,

As has been mentioned the collection of the statistics on clay
products is in the hands of the Federal Census Bureau and
is not available for this report. The demand for all sorts of
clay goods has been strong, and in building brick the demand
exceeded the supply. In several of the leading clay-work-
ing centers the orders were several months ahead of the man-
ufacturers throughout the season. Prices were sharply
advanced and goods were generally sold at a good price.
Here as in the case of coal a few suffered by making con-
tracts early in the season. A moderate estimate would
place the output 25 per cent greater than for 1898, or $2,500,-
000 worth of clay goods were manufactured and marketed
during the year.

In 1898 Towa ranked eighth in the value of clay products,
producing 3 per cent of the total output of the country. The
following table shows the rank of the ten leading states
according to the United States Geological Survey.
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TABLE V.
£ :
g 3
23 3
RANK. STATE. ) ‘g VALUE. | =
T o °
g™ a
28 88
8= s
=t o=
Z ¥
| ORI osssemas 866 (812,412,437 | 17.34
..| Pennsylvania.| 473 | 9,642,098 | 13.47
.| New Jersey...| 133 | 8,599,367 | 12.01
Illinois.......| 616 | 6,705,393 | 9.37
New York....| 265 | 6,448,980 | 9.01
.| Indiana....... 592 | 3,211,512 | 4.49
Missouri...... 228 | 3,055, 4.27
JIowa..eeeaans 357 | 2,150,822 | 3.00
Massachusetts| 104 | 1,776,770 | 2.48
Maryland.....| 69! 1,253,425 ! 1,75

During the same year she ranked fourth in the production
of vitrified paving brick, thus bettering her grade by one
both in total clay output and in paving brick. The leading
states in the production of paving brick for 1898 are listed

below:

TABLE VI—PAVING BRICK IN 1808.

3 52

: 23

RANK, STATE. g ) 02

=] — 2 r=|

3 S

= £ &

Ohio .........| 115,104 | 8796,035 ($ 6.92
Illinois.... ...| 71,999 | 639,153 | 8.88
Pennsylvania..| 59,014 [ 513,391 | 8.70
.| 35,357 | 280,963 | 8.20
28,216 | 264,796 | 9.38
,036 | 264,002 | 0.42
21,632 | 200,022 | 7.24
27,532 | 302,680 | 10.99
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STONE.

The stone trade continued strong through 1899. The
government improvements being made along the Mississippi
river created a great demand for stone suitable for riprap and
rubble work. This improvement is responsible for the large
increase in the output of Des Moines county over the preceding
year. The production of lime shows a slight decrease and
more than a corresponding decrease in demand, owing to the
extension of the use of rock and Portland cements to lines
of work formerly occupied exclusively by lime. The stone
quarried includes limestone, dolomite and a small quantity of
sandstone. Most of the quarries are small, and but few are
equipped with improved machinery. The returnsshow anout-
put of $809,924 for the year, or a net gain of $246,338. The
production was distributed as follows:

LIMESTONE—USED FOR.

Building purposes.......ccciviiiiieniiis tanann ... §330,268
Paving or 2oad maling ;v v s nssnnados snonamvmses 162,068
REDTBD: S i svmsvman crms o s cres i s sosmanis avan v 126,583
TR s oot i e e B e ST R RS 102,686
OENOT PUPDOSBE . 1000 w0 simeimmirain s 05 0mswems v essesmnans 71,080
Bandetotie .. qq v thvmiiivinnedi Seeaey sl s svaiees 17,239
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The production by counties is given in Table VII:

TABLE VII—VALUE OF STONE PRODUCED IN IOWA FOR 1809.—LIMESTONE.

§ | 5% Bl & E

wi | 53 | R

COUNTIES, SE | 8%k B P 28 52 T

28 | %g8| 5 | B |=E| S8 B

A & & A | @ s B
Allamakee ......... $ 3 g [N e B (1 [l TR, S | 53
BOntON i avngs B840 | saanninms 8 17 3,000 |.... e 3,857
Black Hawk....,..| 4,563 | 20 I8 lzassinasahhsnseasle wvases 4,698
Cedar::. i ivasiaes B,754 | 04,325 876 | 10,500 |..... feeanns ..| 114,455
Cerro Gordo....... 4,615 3,559 250 3,380 | sevene]innneeen 11,784
Clayton ............| 5,917 |......... 76 1,875 |...... F P )
Clinton............. 986 350 | s I gy | . 1,136
Decatur............ 911 187 Wil o grmn el baiaieme AT . 1,188
Delaware......... ..| 1,380 50 T |scssnnsnnlswmns I F— 1,446
Des Moines.........| 35,166 | 21,042 | 72,981 |.........|. aenses|833, 162,188
DUbNARE. i e srovecs ievcn 26,976 1,660 4,600 3,250 |:oonvwfs s 36,386
Fayette ........ ... 1 1 ) R cerennnni | L0000 feansams]aawasnnin 12,135
Tlogd .. cvmmsaniees 3,725 200 00 |ssmiwvpalimmsinaeams 4,025
Hardin........... ..| 10,981 100 500 250 |..oo. e 11,831
Howard........ouu. 1,191 40 o lnmassveslvammaniolssalseaate 1,256
Humboldt.......... 4,900 |... vonesfes Tt PR P L cilessenad.| 4,900
Jackson............ 375 625 100 | 66,559 | .cvn u|evinnens 67,659
Johmsen............ 2,415 1,406 | 22628 |oveerreea]rvrsrnesacasans 26,348
Jones........... . 67,669 3,618 5,159 200 |vesese 50 | 76,596
Keokuk........ - 2,718 300 3 11,114 (EE— v e 76 3,194
P 57T 19,134 4,940 2000: luswmans b 129 | 27,184
Louisa ...covneueas 1,950 350 /1 1 WIS (e v | srace b ,320
7111 T eees| 16,710 4,640 2,400 | 10,150 | ...... 17,000 | 50,800
Madison ...eoccuae: 2958 |ooiarians B8 esaassaan meenilamtin g 2,991
Mahaska........... 7,629 BOT bosseiian osavaiaae]saewas 1,060 9,196
Marion...... 8,120 820 B |onisiuiion fowisaeis 109 7,497
Marshall........... 21,4756 | 16,100 B V08! Lo iinizas]es .....| 16,000 | 57,751
Mitehell ........... 1 (PO 63 987 | 1,500 |........ 3,472
Montgomery ....... 953 200 25 leises AP [ 1,000 2,178
BO00ED .o sae amninrs 17,487 4,999 6,560 |..ovenee |oweenns| 2,430 | 31,466
Tama ..o vevenens 17 - 7 [ (R o 440
Van Buren.........| 2,363 50 o i N | — I——
Wapello............| 13,240 530 i G211 N casslsmsnmene] 15020
Washington. ....... ,49 729 B [eoswnwnen]imnnsis 181 | 4,718
Single producers...| 20,302 1,005 B0 |ssmavnnisfiss s 45 | 21,857
Total.........|$330,268 |$162,068 |$126,583 |$101,181 (81,505 |$71,080 [3792,685
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SANDSTONE.
s | s | &
4| w8 | 88| F
COUNTIES. 2% 88 | 8= | _ .
w3 | 25 | E&| 28
<2| 3| BE| 55
0 m O 3]
Black HAWI, csooianvosnsanssaaa vRd s | araaieiE $ 691 |.......8 601
Single producers.....ovee vevviriirrnanss vees oo |82,019 | 13,179 |81,350 | 16,548
PPOIBLL.. ocoit s 5 505 o nimn o BTSN 508 $2,019 '$13,870 '81,350 '817,239

In 1898 the state ranked nineteenth among the stone pro-
ducers and eighth in the value of its limestone. The ten
states leading in the production of limestone for 1898, accord-
ing to the United States Geological Survey, were as follows:

TABLE VIIL

RANK. STATE. VALUE.
Lsimavmons SRR AR B SR i .+ :v...| Pennsylvania. . |82,746,256
B i suwpats N AR T R ey, RN Indiana..... ..| 1,686,572
= S o T R ve.r|Ohio.... .....| 1,673,160
T o o ....| New York.....| 1,633,936
[ B S, | B e v veo| INinoiS..0vua. 1,421,072
B, o nwadamnmanma s e S Missouri.......| 735,275
Tocawmsenimsmsos T e A PR R e Wisconsin..... 698,454
B 50 e R RS AR SRS 8 aeaee vae| JOWA®1i00eins 557,024
Bsansaiesiaine & e AT G RSB ST vesssesesess| Maryland......| 433,653
Wi sons anusvisanlinmie enaseem Bvns s R o S G W s Minnesota ..... 345,685

The value of the stone produced in Iowa during 1899 and
the seven years preceding, was as follows:

TABLE IX.
é o
=]
YEAR. E 8
2 | 3 |
2| 8 | 3
(7] =] 3
1BIR YT savmsrvamsds vt e T e e e voee.. 825,000 187065,000 |#730,000
HEL L et N e P R T R C TS s By 18,347 | 547,000 | 565,347
180 i civrsiesaae i PO T A Sl e PR ...| 11,639 616630 628,269
1BBG 3o unimaaiiai VA e e A F B R e e Senanis wava seswsy] DOTH 449501 455,076
1808 ¢ oiaen snsnsaasis s s e iy veeanene] LoDl 410,03'1 422388
b 1. -1 R e A PR C e e e F P 14,771 | 480,572 495 343
1898 (Iowa Geolog'ical Survey) ........................ 6,662 55'! 024 563 586
p 171 |+ R Y o el s i '192685 809,924

* Jowa Geological Burvey.
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GYPSUM.

The output of gypsum for 1899 was the greatest since the
establishment of the industry. The building revival, coupled
with new uses to which the product is put, greatly stimulated
its production. Two new mills were put in operation during
the year and those already established were run to their full
capacity and overtime for a portion of the year. R. W. Craw-
ford & Co. began operations early in the year while the Min-
eral City began the sinking of a shaft in November but did not
produce until 1900. The first is equipped with two kettles
and the latter three, making a total of nineteen kettles for
the district. The capacity is about 600 tons of plaster for a
nine-hour shift.

The output for 1899 exceeded 120,000 tons of plaster, valued
at $600,000, at the mills.

LEAD AND ZINC.

The activity which marked the rejuvenated lead and zine
mines in and about Dubuque during the latter part of 1898,con-
tinued unabated throughout 1899. Facilities for handling the
ore have improved greatly. Formerly the ore was hand-
picked and sent out of the state for concentration. Early in
1899 a modern mill, fully equipped, was established by the
Dubuque Ore Concentrating company. The installation of
this much needed plant has greatly stimulated local produc-
tion. The Allamakee and Clayton county mines were not
producing during 1899 and all of the ore came from the
Dubuque region.

The lead output shows a considerable falling of in quantity
but a higher price. About 1,000,000 pounds were sold, valued
at $30,000.

The zine production shows a marked increase over 1898.
The product marketed consists chiefly of dry bone, which
averaged $10 per ton. Some blende was sold at an average

price of $25per ton. Summarizing, the output was as follows:
b G Rep
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AELT ¥ RO e, SRR e S S 1,000,000 pounds $30,000

ZI0G oovoremiviamiosistiinaissis o sis s wiwmme 2,174 tons 20,542

g 3 R $560,642
IRON.

For the first time in the history of the mineral production
in Towa, the state has entered the list as an iron producer.
The product is a brown hematite and the entire output was
sold to the Illinois Steel company. The occurrence and com-
position of the oreis fully treated in the administrative report
of the director in this volume.

In 1899, 1,260 tons of ore were produced and sold for $3,465.
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THE SUCCESSION OF FOSSIL FAUNAS IN THE
KINDERHOOK BEDS AT BURLINGTON, IOWA.

BY STUART WELLER.

The stratigraphic succession of the Mississippian beds at
Burlington, Towa, was first indicated by David Dale Owen* in
1852. At that time the Kinderhook stage or its equivalent
had not been defined, but the lower portion of his general
section, that portion which is now included in the Kinder-
hook, was described as follows: :

Band of cellular, buff, magnesian limestone.
Oolitic limestone containing Gyroceras Burlingtonensis.
Dark gray argillaceous limestones (locally hydraulic?)
Buff, fine-grained siliceous rock, containing casts of
Chonetes, Posidonomya, Allorisma, Spirifer, Phillipsia.

1. Ash colored, earthy marlites.

At that time Owen included all the strata down to the base
of his No. 3, in the ‘‘ Encrinital Group of Burlington.”” It is
not possible to determine from his section the exact thick-
ness attributed to each individual stratum recognized, but
their aggregate is indicated in his table as about 100 feet, of
which the lowest member, No. 1 is about 60 feet.

In 1858 Hall’s report on the Geology of Iowa was published,
and the following section is given of the rocks at Burlington
of the Kinderhook stage, at that time referred to the
¢ Chemung Group.”f

#*Rep. on Geol. Wis., Iowa and Minn , p. 92. (1852)
+Rep. Geol. Burv. lowa, Vol. 1, pt. 1, p. £0. (1858,

43
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CHEMUNG
GROUP.

In 1860 C. A. White published a paper entitled, ‘* Observa-
tions upon the Geology and Paleontology of Burlington, Towa,
and its Vieinity,”* in which the Kinderhook section at
Burlington was described, and later, in 1870, while he was
State Geologist, the section was again deseribed in his official
In White’s section seven beds were recognized as

report.t
follows:

-1

FOSSIL FAUNAS IN THE KINDERHOOK BEDS

N

8 {2

FEET.

Oolitic bed (often absent) its greatest thickness..., 4
Argillaceous sandstone with fossils as below, of
D OmMUN G BDOBIEE, 1 <o siaesieasio /oo st o ba/sensioeia ¢ 6
Limestone, irregularly bedded, concretionary and
rarely brecciated, with shaly interlaminations;
compact, brittle, ash-colored, apparently siliceous.
Higher beds more regular and arenaceous; near
the base,a thin band of limestone charged with
Yo T U et S ol i IR TR R SRS 10
Fine-grained, siliceousand argillaceous sandstone,
with bands of shale, highly fossiliferousy lower
half much softer and more argillaceous than the
upper part (often shaly).... . .ccieiavsmnisirsnain 25
Soft green shale like that of Portage group, to
J 50 80} 0 o L5 P A N e SRS A CT O 32

FEET.

Impure limestone, sometimes magnesian, passing
gradually into the Lower Burlington limestone. .
Light gray oolitic limestone with uniform litho-
logical ChATACLErS. «uu.cuvensonsssiosnssnsssinness
Fine-grained yellowish sandstonemuch like parts
of No. 1, often crowded with casts of fossil shells.
Maximumthickness.......covvvenennenninn. s ajeleii’s
Dark gray compact limestone, sometimes slightly
arenaceous. It breaks up into small fragments
upon exposure, and is very fragmentary even
when not exposed to the atmosphere. Maximum
thloKness:. ..« s ssiainies e e e e (e s A B Ao
Band of oolite limestone about....................
Band of compact limestone everywhere crowded
WALR CHONBIES, . - &aye s e sioisienme piosioinm sia) o mimyre e ms
Fine-grained sandy shales, varying from bluish
clay shale to fine-grained yellow sandstone. The
upper portion of the bed quite fossiliferous.
Greatest thickness actually exposed above river
level 82 feet, its total thickness as estimated from

34

24

well borings............ arele A STl e s Al e e .140-200

*Jour. Bost. Soc. Nat. Hist., Vol. 7, pp. 200-235. (1860.)
* +Rep, Geol, Surv. Jowa, Vol. 1, pp. 192-193, (Des Moines, 1870.)
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In his report on Des Moines county, Keyes®, in 1895, gives
the following section of the Kinderhook beds at Prospect Hill,
a bluff on the river bank just south of the city of Burlington:

FEET.

6. Limestone, buff, soft, sandy locally ................... b

6. ‘Limestone, white colitic.....c.uciv connvnansecsnamaas 3
4. Sandstone, yellowish, soft, fine-grained, highly charged

withicastsof fosells:. cavainis s csissnnnaa Shahi FEny

3. Limestone, argillaceous, fine-grained, with often an
oolitic band or thin bed of impure limerock at base.. 18

2, Sandstone, yellowish, soft, friable, clayey............. 25
1. Shale, blue, argillaceous, shown by borings to extend
100 feet or more below river level (exposed)......... . 60

In March, 1899, the writer spent some time in the field,
studying the Kinderhook section at Burlington, in order to
differentiate the fossil faunas of that age there represented,
and the following section which seems best adapted to bring
out the faunal succession, has been adopted as the result of
observations made at that time. It differs from Hall’s and
from Keyes’ sections only in dividing their No. 3, recognizing
as a distincet bed their band of impure or oolitic limestone. It
differs from White’s section only in joining his Nos. 2 and 3,
and in dividing his No. 1, the upper sandy, fossiliferous por-
tion being recognized as a distinct bed:

FEET.
7. Soft, buff, gritty limestone.........ccviveviveinres 3-5
6. 'White oolit'c limestone........voviieceniins suives 24
5. Fine-grained, yellow sandstone ................... 6-1

4. Fine-grained, compact, fragmental gray limestone. 12-18
3. Thin band of hard, impure, limestone filled with
Chonetes; sometimes associated with a thin oolite
T 11 e e S o AP s A P W T T AL -1
2. Soft, friable, argillaceous sandstone, sometimes
harder and bluish in color, filled with fossils in the
upper portion, the most abundant of which is
ORONODECINE TIBORETT. 3 fe e eeic oo eihes nemdn e mains aiolniniin 25
1. Soft blue argillaceous shale (exposed)....... ...... 60

The correlation of the Kinderhook beds at Burlington as
recognized by these several observers is not a difficult matter,
the preceding sections being but different interpretations or
ﬁfferent arrangements of the same series of strata. In the
followmg table these five sections are arranged side by side

*Geol. Surv. Towa, Vol. 3, p. 483. (Des Moines, 1885.)
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in such a manner as to correlate the divisions recognized in

each, the divisions of the several authors being indicated by
numbers only:

OWEN. HALL. | WHITE. KEYES. | WELLER.
1852. 1858, 1870. 1895, 1899,
5 |6~ 6 7
4 5 6 b 6
4 5 4 5
3 3 4 3 4
3
2 3
2 2 2 2
1 1 1 1 1

RIVER LEVEL.
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The fossils of the Kinderhook beds at Burlington, at one
time attracted much attention from paleontologists and local
collectors, but of late years they have usually been neglected.
The first species described from any of the beds was Gyro-
ceras burlingtonensis, described by Owen®™ in 1852, from the
oolite bed No. 6 (Weller). A little later, in 1858, in his Pale-
ontology of Towa, Hallt described and illustrated a number of
species of brachiopods and a few pelecypods from the *‘yel-
low sandstone ’’ at Burlington.

The most important collection of Kinderhook fossils from
Burlington that has been brought together was made by Dr.
C. A. White when he was a resident of that city. The ‘“White
collection,’” which is now the property of the University of
Michigan, formed the basis for several important papers
devoted to the description of Burlington fossils by C. A.
White!, by C. A. White and R. P. Whitfield’, and by A. Win-
chell. In these papers many species were described but with-
out illustrations, so that their identification by other observers
and from other localities has always been exceedingly difficult
or impossible.

During the preparation of the descriptions of New York
Devonian pelecypods for the Paleontology of New York, Hall{
described and illustrated several of the Burlington ‘‘yellow
sandstone ’’ species that were related to New York Devonian
species, the figures in most cases being drawn from the type
specimens. More recently Keyes$ has published upon some
of the gasteropods from the Kinderhook beds at Burlington,
but his identifications of the species were apparently not based
on comparisons with the type specimens, and are evidently
erroneous in some cases.

*Geol. Burv. Wis., Iowa and Minn., p. 581, tab. 5, fig. 10.

+Rep. Geol. Surv. Ilowa, Vol. 1, pt. 2,

1 Proc. Bost. Boc. Nat. Hlst., Vol. 9, pp. 5-33. (1862 )

2 Proc. Bost, Boc. Nat. Hist., Vol. 8, pp. 280-306. (1882.)

3 Proc. Acad. Nat. Sci. Phil , 1983, pp. 2-25. (1863) Proc. Acad. Nat. Bcl. Phil., 1885, pp.100-
133. (1865.)

{Pal. N. Y., Vol. 5, pt. 1. (1884-1885,)

#Proc. Acad. Nat, 3ci. Phil., 1880, p. 234 (1889), and Am. Geol., Vol. 5, p. 183, (1890.)
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In all the work which has been done in the past on the
Kinderhook fossils at Burlington, little or no effort has been
made to assign the species to their definite stratigraphic:posi-
tions in the section. It has usually been deemed sufficient to
refer a species to the *‘ yellow sandstone, Burlington, Towa.”
ignoring the fact that there are two yellow sandstones in the
Kinderhook at that place, whose faunas are almost entirely
distinct, there being only a small number of species common
to the two beds. The fauna of the oolite bed can be more
easily recognized from the literature, but even the fossils
from this well marked horizon have often been recorded
simply as coming from the ‘‘Kinderhook beds, Burlington,
Towa.”

The present paper is an attempt to distribute the Kinder-
hook species from Burlington into their several faunas. Itis
based primarily upon the ‘“White collection,” for the use of
which the writer is under the greatest of obligations to Prof. I.
C. Russell of the University of Michigan, who has most gener-
ously loaned the Kinderhook portion of the collection for
study. The specimens in the “White collection’ are, for the
most part, each marked with the number of the bed from
which they were collected, but even without these numbers
one is able to recognize by its lithological characters alone
the bed from which each specimen is derived. In addition to
the ““White collection » Prof. Samuel Calvin has kindly loaned
such material as he possessed, and Prof. J. A, Udden has
furnished a small collection from bed No. 1. The collections
made in the field by the writer have also added information‘as
to the stratigraphic position of some species.

In the following lists, all the species which have been
recognized in each bed, will be given, with such notes on the
species and on the faunal assemblages of species, as may seem
necessary.
= Bed No. 1.—At the time the investigations of the Kinder-
hook faunas at Burlington were being carried on by Dr. White,
no fossils had been found in this bed, and until recently it has
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been supposed to be entirely unfossiliferous. Since the open-
ing of the clay pits of the Granite Brick Co., however, many
fossils have been found at this horizon and the fauna isa most
interesting assemblage of species. The fauna has not yet
been critically studied, however, and as many of the species
are as yet undescribed, it will, in most cases, be possible to
refer them only to their proper genus. For the material
illustrating this fauna, the writer is indebted entirely to
Professor Calvin and Professor Udden. '

SPONGIAE—
1. Dictyophyton sp. undet. A single specimen of a sponge belonging to the
Dictyospongidee has been observed. It is too imperfect for identification.
CRINOIDEA— :
2. Crinoid stems. Not common.
BRACHIOPODA—
3. Lingula sp. undet.
4. Orbiculoidea sp. undet.
5. Schizophoria sp. undet. This is possibly an undeserited species allied to
the 8. striatula or S. swallovi.
6. Ihipidomella sp. cf. R. burlingtonensis H.
7. Productella sp. undet. This is a species closely allied to some of the
Devonian forms.
8. Productus sp. undet. This a species of the semireticulaius type and is
apparently allied to P. burlinglonensis though it may be a distinct species.
9. Productus laevicostus White. A single specimen which is seemingly refer-
able to this species has been observed.
10. Eumetria altirostris W hite.
PELECYPODA—
11.  Aviculopecten sp. undet, This is a large coarsely ribbel species 34 inches
high.
GASTEROPODA—
12.  Platyschisma sp. undet. A single specimen which possibly belongs to
this genus,
13. Porcellic sp. undet. This is a large and apparently undescribed species,
the largest individual observed being nearly six inches in diameter.
PTEROPODA—
14, Conuluria sp. undet,
CEPHALOPODA—
15. Gomphoceras sp. undet. This species resembles some of the Devonian
members of the genus.
CRUSTACEA—
16.  Palaeopalaemon newberryii Whitf.? This is probably the sams crustacean
that Whitfiald* identifid from Kaskade, 3 miles west of Burlington,

*Am, Geol, Vol. 9, p. 237,
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Towa, with his species P. newberryii. The species was first described
from the Erie shale of Lake county, Ohio, and it is by no means certain
that the Burlington specimens are identical with the types of the species
or even that they belong to the same genus.
VERTEBRATA—
17. Fish remains. Several fragments of fish bones or spines have been
observed.

PLANTS—
18. Fragments of stems and leaves of plants are frequently met with.

The fauna of this bed is a most interesting one, it probably
being the oldest of the Kinderhook faunas of the Mississippi
valley. The presence of typical forms of the genus Productus
give to the fauna a strong Carboniferous aspect, the undeter-
mined species of Productélla and Gomphoceras being the only
members which are suggestive of the Devonian, unless the
fish remains should show some such alliance. The fauna is
really more strongly Carboniferous in aspect than is that of
bed No. 2, whose large number of pelecypods are for the most
part allied to Devonian species in New York. For the satis-
factory study of the fauna, however, larger collections than
are now available must be secured, and as soon as the necessary
material is at hand, this fauna will be made the basis of one
number of ‘“‘Kinderhook Faunal Studies.””*

Bed No. 2.+—This bed is the lower one of the two yellow
sandstone horizons in the Kinderhook at Burlington, and it
contains the most prolific fauna in the section. The fossils
are most abundant, in fact are almost wholly restricted to the
upper five or six feet of the bed, just below the thin band of
impure limestone or bed No. 3. The sandstone is char-
acterized by multitudes of individuals of Chonopectus fischeri
(N. & P.) and for this reason the bed may be designated
as the Chonopectus sandstone. Usually the bed is a soft,
friable, yellow grit or fine sandstone, in which the fossils
are always preserved as casts, though in many cases
the cavities left after the solution of the shell, have been

*Trans, St. Louls Acad Bel., Vol. 8, No. 2, and Ibid, Vol. 10, No. 3,

tFor a detalled description of the fauna of this bed, see Kinderhook Faunal Studles IT.
Fauna of the Chonopectus sandstone at Burlington, Jowa. Trans. 8t. Louls Acud. Sci., Vol.
10, No. 3, pp. 57-120, plates I-IX.
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‘closed by pressure. At one locality on Flint river, this bed is
represented by a highly fossiliferous, much harder, blue sand-
stone which has weathered along the joints into a soft yellow
rock with characters similar to the usual exposures of the
formation. From this occurrence it seems possible that the
softness and yellow color of the bed as usually exposed, may
be due to a weathered condition, but this could only be deter-
mined by extensive excavations.

The following list of species found in the Chonopectus sand-
stone is probably not absolutely complete and additional
species will probably be discovered:

CRINOIDEA—
1. Joints of crinoid stems.
VERMES—
2, Worm burrows.
BRACHIOPODA—
Lingula membranacea Win.
Orbiculoidea capax (White.)
Orthothetes inaequalis (Hall).
Senizophoria swallowi (Hall).
Chonetes illinoisensis Worthen.
Chonetes sp. ef. C. geniculata White.
. Chonetes sp. undet.
10. Chonopectus fischeri (N. & P.).
11, Productus semireticulatus Martin,
12. Productus cooperensis Swall?,
13; Productus laevicostus White.
14. Productella nummularis (Win.).
15. Pugnaw striatocostate (M. & W.) var.?
16. Rhynchonella sp. undet.
7. Eumetria altirostris (White).
18. _Athyris corpulenta (Win.).
19. Spirifer subrotundatus Hall,
20. Spirifer biplicatus Hall.
21. Syringothyris extenuatus (Hall).
22, Reticularia cooperensis (Swal).
BRYOZOA—
23. Fenestella sp. undet.
PELECYPODA—
24, Aviculopecten lenuicostus Win.
25.  Aviculopecten caroli Win.
26, Pterinopecten cf. P. laetus Hall.
7. Pernopecten? sp. undet.
28. Leiopteria spinalata (Win.).
20. Awicula sirigosa (White).

LRD ;W
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30.  Pleronites whitei (Win.).
31.  Mytilarca occidentalis (W. & W.).
32, Mytilarca fibristriata (W. & W.).
33. Gondophora jenne (Win.).
34.  Muacrodon cochlearis Win,
35, Macrodon modesta (Win.).
36.  Grammysia plena Hall,
31, Grammysia amygdalinus (Win.).
38.  Edmondia burlingtonensis W. & W.
39, Hdmondia quadrata (W. & W.).
40, Edmondia aequimarginalis Win.
41. BEdmondia nitide Win,
42. Hdmondia jejunus (Win.).
43,  Sphenotus rigidus (W. & W.).
44, Sphenotus bicarinatus (Win ).
45,  Sphenotus inwensis (Wia.).
46.  Sphenotus bicostatus Weller.
47. Spathella ventricosa (W. & W.)
48.  Cardiopsis megamhonata Win.
49.  Schizodus iowensis We'ler.
50. Schizodus burlingtonensis Weller.
51. Cypricardinia sulcifera (Win.).
52, Q@lossites elliptica (Win. ).
53. Qlossites? burlingtonensis Weller.
4.  Promacrus cuneatus Hall,

+ 85, Posidonomya? ambigua Win.

GASTEROPODA—
56. Loxzonemashumardana (Win.).
57. Loxonema oligospira Win.
58. Loxonema sp. undet.
59, Murchisonia quadricincta Win.
60. Strophostylus bivolve (W & W.).
61. Sphaerodoma pinguis (Win.).
62. Naticopsis depressa Win.
63, Straparollus macromphalus Win.
6L Straparollus amman (W. & W.).
65. Straparollus angularis Weller.
66. Platyschisma barrisi (Win.).
67. Platyschisma depressa Weller.
68. Phanerotinus paradozus Win.
69. Bellerophon bilabiatus W. & W.
70. Bellerophon vinculaius W, &, W,
71.  Bellerophon panneus White?
72. Bucanopsis deflectus Weller.
73.  Patellostium scriptiferus (White).
4. Poreellia crassinoda W. & W.
75.  Porcellia obliquinoda White.
6. Porcellia rectinoda Win,
7. Dentalivm grandaevwm Win,
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PTEROPODA—
78,  Conularia byblis White.

CEPHALOPODA—
79. Orthoceras whitei Win.
80. Orthoceras heterocinelum Win,
81.  Orthoceras indianense Hall.
82. Phragmoceras espansum Win.
83. Cyrioceras unicorne Win.
84,  Agoniatites opimus (W. & W.).

In some particulars this faunaof the Chonopectus sandstone
exhibits "strongly Devonian characteristics, but associated
with this Devonian element there is another element of
perhaps greater significance binding it to the Carboniferous.
Of all the genera and species, the brachiopods are for the
most part strongly Carboniferous in aspect. The abundance
of Productus is particularly a Carboniferous characteristic of
the fauna, as is also the presence of Syringothyris. Of the two
species 6f Spirifer one, S. subrotundatus, with its completely
plicated shell and with the plications on the lateral slopes
bifurcating, is strongly Carboniferous in aspect, while &.
biplicatus, on the other hand, with its excessively elongate
hinge-line, has just as strong a Devonian aspect. The
presence of Productella may be considered as a Devonian
element, and also Orthothetes inacqualis, which is so nearly like
0. chemungensis.

The pelecypods have quite a different story to tell, and from
a study of this portion of the fauna alone, one would, perhaps,
be justified in identifiying it as of Devonian age. All of the
nineteen genera, with the exception of two, Promacrus and
Avicula, have numerous representatives in the Devonian
faunas of eastern North America, particularly in the
Chemung faunas of New York and Pennsylvania, and several

sof the genera have no representation later than the Kinder-
hook. Promacrus is a genus which is represented in America
only in the Kinderhook, and in Europe it has been noted only
in Belgium from near the base of the Carboniferous. Avicula
is in general a later genus. Not only are most of the pelecy-
pod genera abundantly represented in the Devonian, but in




74 FOSSIL FAUNAS IN THE KINDERHOOK BEDS

several instances the species in the Chonopectus sandstone
are so nearly like species in the Chemung of New York, that
it is largely a matter of personal opinion as to whether they
are really distinet or not.

The gasteropods and cephalopods are also for the most part
of Devonian types, with no strikingly Carboniferous character-
istiecs. The genus Agoniatites has not previously been recog-
nized outside the Devonian, and Orthoceras whitei is a very
ancient type, being related to the Silurian 0. annulatum.

Taken as a whole, a larger number of the species rec-
ognized in the fauna have Devonian and not Carboniferous
relationships, but this is not sufficient evidence upon which
to establish the Devonian age of the fauna. In general, in
paleontologic interpretation, the initiation of a new inverte-
brate faunal element is of greater importance than the hold-
ing over of a much larger element from an older fauna, and on
this principle, the strongly Carboniferous element among the-
brachiopods of the Chonopectus sandstone, is to be considered
as weightier evidence than the hold-over pelecypods and
cephalopods.

In any study of the Kinderhook faunas it must always be
kept in mind that they are on the border line between the
Devonian and Carboniferous, where a mingling of the two-
faunas and a gradual transition from the one to the other may
be looked for.

DBed' No.'3.—This bed consists of two quite different parts,
one of,which is constantly present and another which is often
absent. The persistent bed is a hard, impure limestone com-
posed almost exclusively of individuals of asingle small species
of Chonetes, all other fossils being rare and but a small number
of species being present at all. The following is a list of the
species which have been recognized:

BRACHIOPODA—
1. Orthothetes cf. O. inaequalis (Hall).
2, Rhipidomella burlinglonensis (Hall).
3. Chonetes sp. of. C. geniculata White.
4, Chonopectus fischeri (N. & P.).
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In some places, there lies above this Chonetes bed an oolitic
limestone layer, which if it were persistent would be deserv-
ing of separate recognition. White did recognize it as a
distinct member in his section. It has a thickness of but
about three inches and is always associated with the Chonetes
bed, and for these reasons the two beds have been placed
together in this paper, although no species of fossils have
been observed to be common to both. The following species
have been recognized from this oolite, all the specimens being
preserved in the ‘‘White collection’:

PELECYPODA—
1. Aviculopecteniowensis Miller.
2. Microdon leptogaster Win.

GASTEROPODA—

3. Holopea subconica Win.
4, Holopella mira Win.

Bed No. 4.—This bed is a fine-grained, compact, brittle,
gray limestone with a conchoidal fracture. In its outerops
it is always fragmental, being broken into irregularly shaped
masses which rarely have any dimension greater than six
inches. In its lithologic characters this limestone has the
appearance of a lithographic stone, and is in this particular
almost identical with the Louisiana limestone at Louisiana,
Missouri. Judging from the lithologic characters alone, one
would be entirely justified in considering this bed as a north-
ern extension of the Louisiana limestone.

The fauna of the bed is not a prolific one so that no entirely
satisfactory comparison between it and the fauna of the
Louisiana limestone can be made. The species of Syringothy-
r¢8 in this bed at Burlington, which has been named 8. Aalli
by Winehell, seems to be identical with 8. Aannibalensis (Swal-
low) from Louisiana, the only conspicuous difference being in
size, the Burlington specimens being much smaller than those
from Louisiana. None of the remaining species at Burlington
have been recognized at Louisiana. The following species
have been identified:
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BRACHIOPODA—

1. Chonopectus fischeri (N. & P.).
Rhynchonella heteropsis Win.
Rhynchonella unica Win.,
Rhynchopora pustulose (White).
Pugnaz striaticostata (M. & W.).
Syringothyris halli Win.

& o

Bed No. 5.—In its upper portion, bed No. 4 becomes more
and more arenaceous until it merges somewhat gradually into
the upper ‘‘yellow sandstone’ which constitutes bed No. 5.
In the transition layers between the well defined limestone
below and the yellow sandstone above, no fossils have been
observed, but in the sandstone itself fossils are sometimes
extremely abundant. The fauna is quite distinet from that of
the Chonopectus sandstone below, only two species being
common to the two beds. The fossils from this upper sand-
_stone may be always recognized by their condition of preser-
vation and by the character of the sediment, this sandstone
‘being denser and of a lighter color than that below. In both
beds the fossils are always in the form of casts, but in the
lower formation the cavities left by the solution of the calcar-
eous matter of the shells and other fossils, have usually been
closed by pressure, while in the upper sandstone the cavities
remain open. In size the speciesoccurring inthis upper sand-

:stone contrast somewhat strongly with those below, a large
proportion of the species being diminutive.

The following species have been recognized in the fauna of
this bed:

‘BRACHIOPODA—

Leptaena rhomboidalis (Wilek).
Orthothetes inaequalis (Hall).
Productus arcuatus Hall,
Productus parvulus Win.
Productus morbillianus Win.
Camarophorella lenticularis (W. &. W.).
Dielasma allei (Win )

Spirifer marionensis:Shum.
Spirifer centronatus Win.
Spirifer sp. undet.

Reticularia cooperensis (Swall).
Cyrting acutirostris (Shum.)?

|t
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PELECYPODA—

13.  Plerinopecten nodocostus (W. & W.).

14. Pernopecten cooperensis (Shum.).

15. Lithophaga sp. undet.

16. Maecrodon parvus W. & W.

17. Edmondiv nuptialis Win.

18. Hdmondia strigillata Win,

19. Sphenotus cylindricus (Win.).

20. Spathella phaselia Win.

2L, Nucula iowensis W. & W,

22, Palaeoneilo microdonta (Win.),

23.  Palaeoneilo barrisi (W. & W.).

24, Leda saccata (Win.).

25. Dexiobia ovata (Hall).

26, Dexiobia halli Win.

27, Schizodus trigonalis (Win.).

(GASTEROPODA—

28  Straparollus angularis: Weller.

20, Straparollus sp. undet.

30. Bellerophon sp. undet.

31. Bueanopsis perelegans (W. & W.).

32 Dentalivm grandaevwn Win.

In this fauna Spirifer marionensis and Cyrtina acutirostris,
two species which are particularly abundant in the Louisiana
limestone, make their first appearance in the Burlington sec-
tion. Spirifer marionensis becomes much more abundant in the
succeeding oolite bed, but Cyrtina acutirostris has not been
observed elsewhere in the section. The brachiopod element
in the fauna is predominantly Carboniferous in aspect, but the
pelecypods still continue to exhibit Devonian affinitiesin such
genera as Pterinopecten and Palaeoneilo, though this more
ancient element in the faunais far less conspicuous than in the
Chonopectus sandstone fauna.

Bed No. 6.—Succeeding the upper yellow sandstone, there
is a conspicuous bed of white oolitic limestone which is quite
sharply defined both below and above. Fossils are abundant
and are often most beautifully preserved. The following
species have been observed:

CORALS—
1. Zaphrentis sp. undet.
BRACHIOPODA—
2. Leptaena rhomboidalis (Wilek),
3. Orthothetes inflatus (W. & W.).
7@ Rep
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4,  Chonetes logani N, & P.
5. Chonetes illinoisensis Worthen,
6. Productus arcuatus Hall.
7. Productella concentricus Hall.
8. Schizophoria subelliptica (W, & W.).
9. Rhipidomella sp. undet.
10. Dielasma allei (Win.).
11. Spirifer marionensis Shum.
12, Athyris crassicardinalis White,
PELECYPODA—
<13, Pernopecten circulus (Hall).
14, Conocardium pulchellum W. &. W.

GASTEROPODA—

15, Straparollus obtusus Hall.

16.  Plewrotomaria quinguesuleata Win,

17. Loxonema sp. undet.

18. Capulus sp. undet.
CEPHALOPODA—

19. Orthoceras indianensis Hall.

20. Gyroceras burlingtonensis Owen.

In this fauna of the oolitic limestone the Devonian elements
have practically disappeared.

Bed No. 7.—The topmost bed of the Kinderhook at Burling-
ton, immediately beneath the Burlington limestone, is a brown,
porous, magnesian limestone. [ossils are not abundant and
those that are -present are usually more or less imperfectly
preserved. The following species have been observed:

CORALS—
1. Leptopora typa Win.

BRACHIOPODA—
2. Orthothetes inflatus (W. & W.).
3. Orthothetes inaequalis (Hall)?
4. Productus punctatus Martin.
5. OCamarophoria caput-testudinis (White).
6.  Ithynchonella persinvata Win.
7. Spiriferina solidirostris (White),
8. Nucleospira barrisi White,
GASTEROPODA—
9. DBellerophon pannens White. .
10. Pleurotomaria mississippiensis W. & W
11. Igoceras undata (Win.).
12, Capulus paralivs W, & W.
13, Capulus vomerium (Win.).
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Conclusion.—The study of the Kinderhook faunas at Bur-
lington has brought out quite strongly several important facts.

First.—The ‘“‘yellow sandstone’ fauna of authors includes
in reality two quite distinet faunas which occeur in two entirely
distinet yellow sandstone formations separated by a well
defined limestone bed.

Second. —The Kinderhook series at Burlington represents a
much longer time period than does the series of strata referred
to this epoch elsewere, the lower beds being older than the
Louisiana limestone which is placed at the base of the Kinder-
hook in Missouri.

Third.—Beds No. 1, No. 2, and No. 3 are pre-Louisianan in
age, the earliest indication of the Louisiana limestone fauna
being found in bed No. 4 which may be considered, with a fair
degree of certainty, as the northern extension of the Louis-
iana limestone.

Fourth.—The succession of faunas exhibits a somewhat
gradual transition from the earlier faunas with quite marked
Devonian characters, to the later ones which are typically
Carboniferous in aspect. The Devonian element in the faunas
is for the most part exhibited by the pelecypods while the
brachiopods are usually Carboniferous in aspect. This over-
lapping and intermingling of Devonian and Carboniferous
faunal elements, makes it impossible to draw a sharp line
separating the Devonian and Carboniferous systems such as is
recognized in the continental interior between the Ordovician
and Silurian in the Medina formation, and between the Silurian
- and Devonian in the Waterlime formation. The Devonian-
Carboniferous dividing line is more nearly analagous with the
Cambrian-Ordovician division.
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INTRODUCTION.
SITUATION AND AREA.

Lyon county lies in extreme northwestern ITowa, the state
line forming its northern boundary, while the Big Sioux,
which here marks the line between Iowa and South Dakota,
bounds it on the west. It includes eighteen townships, the
northern tier containing thirty square miles each, instead of
the normal thirty-six. Its total area is 704 square miles.
Sioux county lies directly south of Liyon. Itincludestwenty-
two townships with an area of 768 square miles, those town-
ships along the Big Sioux river being irregular. Both coun-
ties are highly favored by nature insoil and climate. Oppor-
tunities for agriculture so exceptional have not been over-
looked and the entire area is under cultivation. There is no
waste land in either county.

PREVIOUS GEOLOGICAL STUDY,

The nature and age of the quartzite in South Dakota,
Minnesota, and ITowa have long interested students of geology.
The exposures north of Iowa were more generally studied,
since they are more conspicuous than the Iowa outcrops.
Catlin and Nicollet* were chiefly interested in the quartzite
because it was associated with the pipestone of the Indians.
In 1865 James Hall made certain deductions in regard to its
age from observations in southwestern Minnesota. Hayden
examined outcrops in southeastern Dakota and visited the
pipestone quarries farther north. In the following year, 1867,
White traveled up the Big Sioux from Sioux City and appears
to have called attention for the first time to the quartzite
exposures in Towa. Kloos and Winchell, in Minnesota, have
each added to our knowledge of the formation, while Upham
and Todd have reported valuable observations in South

*For bibliography of Sloux quartzite, see Iowa Acad, Bciences, Vol. 11, p. 218,
2G Rep
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Dakota. Keyes, in Iowa, has contributed material to the
rapidly-growing literature on the quartzite.

In addition to the quartzite other geological features of the
region have received some attention. A general description
of the surface features of Lyon county was written by C. A.
White for the Iowa Geological Survey, and is found in Vol. II
(1870) pp. 77-95. 'The Hull well has attracted some attention
and the records of the strata passed through have been studied
by Keyes, Beyer, and Norton. Exposures near Hawarden have
been studied by Bain and were reported by him in connection
with Cretaceous deposits of Plymouth county.* Todd has
examined and reported on certain cuttings east of Canton,
while his work in the adjacent territory of South Dakota
throws light on many problems across the river in Iowa.t

PHYSIOGRAPHY.
TOPOGRAFPHY.

The surface of Lyon and Sioux counties presents a plain
broken by the erosion of streams, with a slight slope to the
southwest. The following table illustrates fairly the surface
inequalities of the region. It hardly gives anidea of the slope
that would prevail if the river valleys were eliminated, since
many of the elevations cited are those of towns located on the
larger streams. The towns mentioned in the table are
arranged in four series representing approximately east and
west lines, the distance between the first, second, and third
averaging fifteen miles, while the fourth is within six miles of
the third. All of the towns mentioned lie within the counties
under consideration except Ellsworth, which is north of the
Towa line one mile, and Struble and Sheldon, which are an
equal distance south and east respectively of the Sioux county
line:

The towns in italics are valley towns and their elevation is
affected to a greater or less extent by this fact. Lester is in
the valley of Mud creek; Rock Rapids, Doon, Little Rock and
Rock Valley are in the proximity of Rock river; the elevations
of Sheldon, Alton, Hosper, and Carnes are affected by their

*[owa Geol. Survey, Vol. VIII, p. 332,
f{lowa Acad. Sciences, Vol. VI, p 122,
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nearness to the East Floyd, while those of Maurice and Struble

NORTH.
Granite |Larchwood| Lester |Rock .Rapidsl Ellsworth | Little Rock
1310 1465 1377 1345 1445 1475
Doon
Beloit Inwood 1285 Hull Boyden Sheldon
. 1240 1471 Rock Valley 1433 1423 1415 =
5 1253 &
m
- :
Hawarden Ireton Maurice |OrangeCity| Alton Hosper
1188 1377 1314 142Ll 1308 1341
Chatsworth Struble Carnes
1152 1271 1261
SOUTH.

are influenced by the West Floyd. All of the towns in the
western tier are near the Big Sioux:

NORTH.
1 mile S of 2 miles E of]| 1 mile W of
Granite | Lar¢hwood Rock Rpids| “ISFOrth |Little Rock
1440 1415 1505
& 3 miles 1 of 1 mile W of| &
o Inwood Hull Boyden w
H Rock Valley! . Sheldon | <
g 1471 1393 1433 1423 ol
2m N E of 3 miles E of .
Ireton Orange City
Chatsworth Maurice
1252 1311 1395 1421
SOUTH.

The second table gives upland elevations only and bears out
the statement that the normal slope is from northeast to
southwest, and slight.
Topograply of older drift.—The surface of this slightly

sloping plain has been sufficiently diversified by stream erosion
to afford perfect drainage, which with the nature of the soil
results in an ideal farming region. The slopes are gradual,
indicating for the streams a considerable age, and the bottom
lands are broad, seldom deeply cut by recent stream beds,
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making it possible in most cases to cultivate the soil to the
water’s edge. From fifteen to twenty feet above the flood
plain in the valleys of the Big Sioux and Rock rivers there is
a conspicuous terrace, generally much broader than the flood
plain. The soft nature of the material through which the
streams have cut favors the formation of broad shallow
valleys. The major stream of the region, the Big Sioux,
forms the western boundary of the two counties under con-
sideration. During this short course of forty-two miles its
valley changes materially in nature and size. F'rom the state
line at the north to Elm Springs, the valley is admirably set
forth by the portion of the United States topographic map
for the Canton district that accompanies this report. On the
Dakota side for four miles south of the state line high bluffs
face the river. Continuing south on the same side for ten
miles, till a point three miles south of Canton is reached,
there are no bluffs, and the gravel terrace is but a few feet
below the average level of the region. At this point very
prominent bluffs again appear and continue nearly to Hud-
son. The bluff topography continues to the south, but
after passing Hudson they recede from the river, forming
bold headlands only here and there where the river has very
recently been cutting at their base. On the Iowa side these
pronounced bluffs, averaging 150 feet above the river, do not
appear north of Blood Run creek, which empties into the
Big Sioux three miles below the state line. Beginning at
this point they continue without a break as far south as
Hudson, where the topographic features become uniform for
both sides of the river. For seven miles north of Canton,
therefore, the Towa bluffs overlook the Dakota plain which
lies 150 feet below.

The width of the valley varies in the same way. At the
state line it is two miles across, and so continues to the mouth
of Blood Run creek. Thence to Canton it is often not more
than half a mile wide, its upper course appearing narrower on
account of the bluffs. From Canton to Beloit it is again two
miles wide. A mile below Beloit it narrows sharply to halfa
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mile and this width persists to the mouth of the Rock river
above Hudson. From Hudson to Chatsworth its average
width is two miles.
The bottom lands of the Rock river near its mouth are half
a mile wide and so continue as far as Doon. The river here
divides into the East and West Rock, and the valley of eachis
proportionately less than that of the stream after their june-
tion. Six Mile creek, on some maps called Ford creek, flows
through a valley of some maturity. Ten miles from the
mouth of the stream the bottom lands are 200 feet across and
lie seventy feet below the upland plain, from which the slope
is very gradual. Mud creek is a tributary of the East Rock,
into which it empties near Doon. It barely reaches across
 Lyon county into Minnesota, and drains in its course the
greater part of three townships. TIts valley is broad, however,
broader than the present size of the stream would justify
apparently, and an explanation is suggested in connection with
other problems of the Pleistocene. The valley of the West
Floyd in Sioux county, also, is out of proportion to the present
size of the stream. This opinion is reached by comparing it
with other valleys in these counties that seem to be of the
same age in other respects. Althoughitrises two miles north
of Boyden, in Tp. 96 N., R. XLIV W., Secs. 4 and 8, in Sioux
county its valley is two miles wide and sixty feet deep. This
extensive valley in the vicinity of Middleburg is indicated on
the railroad commissioners’ map as a slough. In the neigh-
borhood it is known as Belle lake, though the term lake seems
never to have been applicable. In former years the river
overflowed this broad bottom land during the spring, but of
late the land has been under cultivation. No artificial drain-
age has brought about the change but the washing down of
the slopes has filled in the lowlands. These slopes have been
under cultivation for thirty years and the loess surface under
these conditions readily washes into the hollows. There are
no sloughs or lakes in either county and a topographic map
of the region would make clear the fact that the entire area
is reached by the streams and none left undrained. The
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minor feeders are not conspicuous enough to be placed on an
ordinary map, and only during the rainy seasons do they
appear as water courses. In the spring, however, great
quantities of water pour down the broad valleys that every-
where open into the main creek and river beds, testing and
sometimes overstraining the capacity of the culverts which,
as a rule, are unusually large. The surface of the region,
therefore, is decidedly undulatory. Except along the Big
Sioux there are no sharp ravines with steep sides, but instead
there are gradual slopes from a broad crest leading toa broad
valley. To gain one crest, however, is simply to discover
another hollow. The grades are not steep, they may usually
be climbed with a bicycle, and the long even declines make it
possible to coast to the bottom of the depression and part way
up the next slope.

The topographic map of the Canton quadrangle takes in
enough of western Lyon county to bring out the contrast
between this surface and the Wisconsin drift of Dakota. At
a glance it reveals the fact that the Lyon county surface is
older and its drainage more perfectly developed. This differ-
ence would be more marked had a section of Lyon, or Sioux
county away from the Big Sioux been taken for comparison,
for certain factors to be considered later have made the
region along the Big Sioux somewhat abnormal. Notably so
is the strip from Canton to the mouth of Rock river.
Attention has already been called to the bluffsalong the river
at this point. The streams flowing into the Big Sioux here
are insignificant in length, and instead of valleys they flow
through narrow sharp angled ravines commonly termed draws.
Their sides are precipitous and wagon roads are made with
difficulty.

Topography of Wisconsin moraine and outwash.—Another
region with abnormal topography includes certain parts of
four townships in northeastern Lyon county. In following
the road on the state line toward the east, at Tp. 100 N., R,
XLIV W., Sec. 10 center, the undulations that characterize
the country to the west will be found to cease and for four
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miles a conspicuously level surface prevails. The western
edge of this level area is not clearly defined, yet the changes
in conditions will be noticed within half a mile. The inner
or eastern edge is bounded by a distinct ridge having an
elevation of fifty feet. This ridge trends from southeast to
northwest, crossing the state line at Tp. 100 N., R. XLIII
W., Sec. 8, eastern edge. Four miles southeast, at Little
Rock, it loses its distinetness on account of the erosive action
of the East Rock river. Within this ridge, that is, to the
north and east, the country is rolling, the ridges in general
having the same direction as the outer one. They are more
persistent than the ridges formed by erosion found elsewhere
in the county, and cutting into them there are no secondary
ravines, The East Rock river north of the town of Little
Rock flows between two of these ridges in a trough that
might readily be mistaken for a valley that the stream has
created. The size of the trough, however, is out of propor-
tion to the valley of the stream a little farther south. Here
and there within this region of ridges are hummocks of sand
and gravel reaching an elevation of sixty feet. These are
most conspicuous in Tp. 100 N., R. XLIIT W., Secs. 15 and
23. These conditions, namely, a broad level belt fringing a
ridge on the inside of which are other ridges having a similar
trend, persist to the north and were easily traced as far as
Adrian, Minn., and to the southeast into Osceola county.

DRAINAGE.

The rivers of Liyon and Sioux counties are tributaries of the
Missouri. The Big Sioux forms the western boundary of these
counties and with its branches drains all of Lyon county and
the western half of Sioux. Its source is in Dakota some
forty miles north of the boundary of Towa. Between the mouth
of Rock river and the Dakota line the Sioux receives few
tributaries, Blood Run and Plum ecreeks being the largest.
The elevation of low water at Brandon, South Dakota, which
is below the falls and near the state line, is 1281 feet, while at
Chatsworth, near the southern Sioux county line, it is 1132
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feet; giving a total fall of 149 feet and an average fall of 3.2
feet per mile. This fact makes the stream valuable for
water power. At Hawarden and Hudson dams which give a
head of seven feet cause the water to set back only two
miles.

Rock river is the largest tributary of the Big Sioux and,
with its branches, drains northeastern Sioux county and central
and eastern Lyon county. Three miles south of Hudson it
unites with the Big Sioux. Its elevation here is 1195 feet,
while at Rock Rapids its low water level is 1450 feet above
the sea, making for the intervening distance a descent of 265
feet, or 5.3 feet per mile. Near Doon it receives as tribu-
taries Mud creek and East Rock river. Kanaranzi and Tom
creeks unite with it near Rock Rapids.

Six mile creek empties into the Big Sioux at Chatsworth.
It is twenty miles long and drains fifty square miles in south-
western Sioux county. Dry creek, which flows into the Big
Sioux at Hawarden, drains an equal area. Both of these
streams are insignificant and often quite without water in
summer, but during periods of rain, on account of the slope
and their elaborate system of feeders, they suddenly assume
considerable proportions. Western and central Sioux county
is drained by the East and West Floyd. In Sioux county the
characteristics of these streams are those of Six Mile creek
just described. They have a fall of about five feet per mile.

Of these streams the Big Sioux is the only one that has a
valley in which are exposed the indurated rocks that underlie
the drift. The age of the stream, therefore, is best con-
sidered in connection with the age of the drift and other phe-
nomena of the Pleistocene. :

STRATIGRAPHY.

GENERAL RELATIONS OF STRATA.
The formations of Lyon and Sioux counties may be grouped
in two classes primarily; those in which the component sub-
stances are heterogeneous, and those which are practically
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uniform in nature. Under the first may be included the gla-
cial drifts and associated deposits. In the drift the rock frag-
ments vary greatly in composition and origin, having been
picked up by the ice sheets from the various regions over
which they passed. The only deposits related to the drift
that approach homogeneity are certain outwash beds of sand,
and the loess, though the glacial origin of the latter may be
fairly questioned.

Beneath these glacial deposits are formations that in strue-
ture and composition are nearly uniform. Between these
homogeneous formations and those which vary greatly in
composition and structure are certain sands and clays that
are not readily classified. The difficulty arises from the fact
that these sands and gravels are quite uniform in the few
places where found, but exposures are so rare that they may
possibly belong to the upper heterogeneous series which, for
a very limited area, fails to present its normally diversified
characteristics.

Aside from the Sioux quartzite in northwestern Liyon county
the only opportunity for directly observing the indurated
rocks that everywhere underlie the driftisgiven by exposures
along the Big Sioux river. A limited amount of information
may be gained from records of well borings. The Sioux quart-
zite, which is generally regarded as Huronian, is the oldest
rock formation in these counties. Other strata beneath the
drift belong to the Cretaceous, except certain sands and clays
which are probably to be referred to the Pliocene. The
classification of known strata is shown in the following table:

In western Iowa, eastern Nebraska, and eastern Kansas the
Cretaceous strata rest directly on the Carboniferous.* Far-
ther west, in the Rocky mountains, the whole Jura-Trias series
intervenes. The conclusion follows that at the end of the
Carboniferous age the shore line was far to the west of Towa
and that the Carboniferous rocks in the western part of the
state were subject to erosion for a very long period of time.
" *U. 8. Geol. Survey, bulletins, Vol. 1V, p. 870,
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At the end of this period there was asubsidence that brought
the shore line again eastward as far as central Towa. While
this subsidence was going on the Cretaceous deposits were
formed. During the first stages of the subsidence, along the

GROUP. SYSTEM. SERIES. STAGE. SUB-STAGE, | FORMATION,
Recent, Alluvium,
s Moraines
Wisconsin. Gravel trains.
Cenozoie. [Pleistocene| Glacial. Towan? Loess.
Kansan. Drift.
Pliocene? Sands and clays
Colorado. Benton. Shales,
Mesozoic. | Cretaceous | Upper. —_
Dakota. E
[
Eozoie. | Algonkian. Quartzite.

gradually retreating shore line, sands were deposited which
now appear as the Dakota sandstone, the lowest member of
the Cretaceous in northern Towa. Later, when the depth of
the water had increased, the Colorado shales and limestones
were laid down above these sands. At the close of the Colo-
rado stage the region was again raised above water, with the
possible exception of certain limited areas that were lake beds
during Tertiary times.

ALGONKIAN.

THE QUARTZITE.

The Sioux quartzite or ‘‘ granite,”” as it is commonly called,
appears on the surface in a single township in Lyon county.
The area in Minnesota and Dakota, however, within which
exposures of this rock are common, is considerable. Asstated
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by Beyer* its extreme eastern limit of outcrop is found at
Redstone, and its most westerly exposure is near Mitchell on
the James river. Its greatest width is about sixty miles,
extending from Flandreau on the north, to Canton, which is
on its southern border, giving a total area of more than 6,000
miles. Its thickness has been variously estimated, but on
this point there is little on which to base a positive assertion.
Well drillings have not passed through it, though they have
entered it to a considerable depth, and there are no great folds
or flexures. It is thought by Todd of the South Dakota
surveyt and by Beyer that its thickness does not exceed 1,500
feet.

Instead of quartzite, originally the formation was water-
laid sand. Proofs are still present in the ripple marks and
lines of lamination and stratification. The layers varied in
thickness from two feet to half an inch. Cross bedding was
not uncommon, indicating that, in places at least, the sand
was deposited by rapidly running water. These characteris-
tics are still preserved in the quartzite. Subsequently the
sand was permeated by water holding in solution silica which
crystallized around the sand grains and cemeted them
together, producing a solid quartz mass. Microscopic study
of the quartzite by Irving and Van Hise has made clear the
fact that the silica which forms the matrix has been deposited
along lines that correspond with the crystalline axes of the
several grains. The interstitial deposit of silica explains the
unusual firmness of the rock. The same observers made
clear that while silica was deposited about all of the sand
particles, frequently the quantity was not sufficient to fill all
of the spaces between the grains. As a result a sandstone
easily crumbled was produced. Throughout the quartzite
‘this condition exists. In close proximity to quartzite and in
the same beds the rock shades off into friable sandstone and
even into uncemented sand. These softer layers are gen-
erally thin and quickly give place to t1: normal quartzite

*lowa Geological Burvey, Vol. VI, p. 71.
tPreliminary Report on Geol., 8. Dak., 18, p. 33.
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Well drillings that have penetrated the quartzite show that
in the midst of the harder rock there are at times several
feet of sand. An example of this sort is found in the well of
the B., C. R. & N. railroad at Ellsworth, Minn., one mile
north of the Lyon county line, where the quartzite was
encountered under 180 feet of drift and fifty feet of shale.
It was penetrated to a depth of 315 feet, and frequently sand
layers of considerable thickness were found. The color of
the rock varies from pink to purple, red being most prevalent.
The coloring matter is oxide of iron, which forms a thin coat-
ing around the quartz grains. Near the upper surface and
along joints leaching has evidently taken place, for the colors
are dull. As determined by the Minnesota survey the rock is
composed almost wholly of quartz, 85.52 per cent consisting
of that mineral.*

The Sioux quartzite is extremely hard, breaks with a con-
choidal fracture, and takes a high polish. Catlin wrote of it
as follows: ‘‘The quartz is of a close grain and exceedingly
bard, eliciting the most brilliant sparks from steel, and in
most places where its surface is exposed to the sun and air it
is highly polished beyond any results that could have been
produced by diluvial action, being perfectly glazed as if by
ignition.””t This polishing is without doubt due to the action
of the wind. Excellent examples of this wind polishing are
found on ‘‘the mound” at Luverne, Minn., and some are
found on the Lyon county exposures. The polishing is most
marked on vertical surfaces and follows the inequalities of
the rock, smoothing out the sharp angles, but not wholly
removing the unevenness due to the roughness of the original
fracture. It differs, therefore, clearly, from glacial polish-
ing. In the same way quartzite blocks carried by the ice far
to the south, when exposed on the surface of the drift,
readily become polished. The luster is not unlike that seen
on large lumps of rock salt that are constantly licked by
cattle. The position of wind polished portions of rock, often

* Geol. and Nat. Hist. Survey of Minn,, Vol. I, p. 149.
t+ Am. Journal of Sclence, Vol. XXX VIII, p. 145, 1840.
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within a few inches of the ground and on vertical surfaces that
are protected by projections above, preclude the possibility
that the polishing could have been done by animals rubbing
against the rock. Winchell, in desecribing this phenomenon
in his discussion of the Quartzite of Rock and Pipestone
Counties, Minn.,” says: ‘The edges of the layers exposed
toward the northwest are polished, doubtless by the dust
particles swept by winds. The surface in some cases is as
smoothly polished as can be done artificially with the utmost
skill and patience.” Gilbert, in a paper on The Natural
Erosion of Sand in the Western Territories, f says that *‘sand
when moved by air in regions where there is no moisture,
+humus, or vegetation to entangle it, is a denuding agent
worthy to be mentioned with frost, wave, and flood.” Not
only are bold ecliffs and the walls of mountain passes eroded
by this agency, but pebbles lying in the open plain are carved
till their surfaces are ridged and grooved and they are finally
reduced to dust. Endlich,{ considering erosion phenomena
in Colorado, comes to the same conclusion. To the writer
special interest in this subject of wind polishing was given
by the fact that lying on the surface of the drift, but buried
by the loess, in Lyon and Sioux counties bowlders were found
which appear to have been polished in the same manner as
the surface quartzite. They will be considered in connection
with the drift and the discussion in regard to the origin of
the loess. In the Lyon county quartzite exposures it was
observed that polishing does not occur at an elevation above
the ground greater than five feet, and that it is most common
on vertical surfaces not more than eighteen inches above the
level of the soil. This would indicate that small particles
carried by the wind, but lifted only a little above the ground,
are really the polishing agents.

The dip of the quartzite is variable, so that no series of folds
can be made out. It is seldom more than ten degrees. At

* Geol. and Nat, Hist. Burvey of Mion., Vol. I, p. 541.

tProceeding of American Soc. for Adv, Sclence, Vol. XXIII.
% 0, B. Geog. Survey of Territories, bulletins, Vol, IV, p. 833.
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the mound near Luverne the dip is eight to twelve degrees to
the northwest, at Jasper pool in Lyon county it is six degrees
north, and at Sioux Falls it is eight degrees south. Todd
considers this dip to be that of the original deposition rather
than of flexures in the earth’s crust.* There are two sets of
vertical joint planes, nearly at right angles to each other.
They vary in distance from one another from an inch to two
feet. These, with the distinct layers, render the rock easy to
quarry and at the same time expose it to the agencies that
cause disintegration. While it makes the most durable of
building materials, as exposed in the beds the action of frosts

tends to break the rock into fragments varying in size with
 the distance between layers and joints. For economic pur- &
poses, however, the joints are useful rather than otherwise,
since they aid in quarrying, and the distance between them is
so variable that solid blocks of any size to suit ordinary pur-
poses are readily obtained.

Age of the gquartzite.—Beyer, in the report already referred to, t
gives the results of special study in regard to the age of the
quartzite and associated formations, and from its lithological
character and structural relationshipsrefers it to the Huronian.
It has been referred to the Cretaceous by Hayden and to the
Potsdam by the geologists of the Minnesota survey. Hall,
White, Irving, Van Hise, and Todd favor the Huronian. Keyeés,
after reviewing the opinions of other authorities, is inclined to
think that the great age of these rocks is not to be positively
affirmed. Heis led to this opinion by certain fossil forms
resembling lamel-libranchs of the Cardium and Cytherea types
that he has found in the quartzite, and recalls Hayden’s
reference to abundant casts in another part of the region.
Still, until more light is thrown on the subject, he would
regard the quartzite as pre-Cambrian.

The quartz porphyries.—During 1892 a well was sunk at Hull,
in Sioux county, for artesian water. At a depth of 755 feet a

* Prelim, Report on Geol , 8. Dak., 1804, p. 35.
+Iowa Geol. Burvey, Vol, VL.
% Proceedings lowa Acad. Sciences, Vol. I, p. 222,
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compact olive-green rock was encountered which was mis-
taken for the Sioux quartzite. More careful study made plain
the fact that the drill chips were typical quartz porphyry.*
Quoting from Dr. Beyer’s report on this well: ‘“ After drill-
ing about forty-five feet in quartz-porphyry, a stratum about
two feet in thickness of soft fine-grained sandy material was
struck. This was immediately followed by another stratum
of quartz-porphyry and these in turn gave place to sand-rock.
These alternations of quartz-porphyries and sandstones con-
tinued tothe end of the drilling, a depth of over 1,200 feet. The
whole series of quartz-porphyries seem to be identical in struc-
ture and composition.”

The following is an approximate record of the well below
755 feet:

FEET,

18. Compact olive-green quartz-porphyry....... 765- 800
17. Fine-grainedsandstone................ casass 800- 802
16, Quartz-porphyry. ......c. coveees SR 802
15. Coarse-grained sandstone.................... 825
14. Quartz-porphyry..... P AR O .o 832~ 840
13. Fine-grainedsandstone.... ................. 840~ 860
120 Oonplomprata. v s S e W% . 866
11. Fine-grained sandstone................ weeess B880- 900
10. Quartz porphyry........... AT cessnasess  900- 930
9. Fine-grained sandstone...........oee vuvunss 930
8, Pebbles Bnd @80d. . v ..oiv.conissiessesnnisaivassn 930- 935
7. Decomposing quartz-porphyry.............. . 935- 940
6. Fresh quartz-porphyry............... Siviels . 4
5. Decomposing quartz-porphyry..... ......... 949
4, Quartz-porphyry ......coeceasensesssions cees 975~ 990
3. Bandstone............. sprssssnernyasereenses SN0
2. Quartz-porphyry.... scsessesnssiasins sanss 1,194-1,220
1. Fine-grained sandstone........ o (e)e a4 e (el 1,228

The quartz-porphyries are recognized as of igneous origin,
and in this case must represent lava flows of some sort, either
overflow beds or intrusive sheets. Beyer’s later study of the
quartzite and its associated beds led him tointerpret the Hull
well record as additional evidence of the Huronian age of the
quartzite, because the quartz-porphyry ‘‘is strikingly similar
to the intrusives that are peculiar to the Huronian in the
Lake Superior region.”

#[owa Geol. Survey, Vol, I, p. 165.




104 GEOLOGY OF LYGN AND SIOUX COUNTIES.

The quartzite presents many glaciated surfaces. Those on
the Lyon county exposures are exceedingly clear and well
preserved. Edges that would otherwise be abrupt, are
rounded, and surfaces are planed, striated, and in some cases
grooved. Chatter marks are common. They are well
described by Winchell in his account of the quartzite of Rock
county, Minn.*

Fig. 1. Glaclal groove on quartzite in Lyon county.

Hesays: ‘It cannotbe doubtedthat this marking was done
by a force that exerted a great pressure at the same time that
the marks were made. This pressure is evinced not only in
the marking itself, which is on the hardest formaticn in the
state, but in the minute cross fractures that cover the surface
where the rasping has taken place, and yet leave it in the
main a smooth and moutoneed surface. These cross fractures
run curvingly downward and at varying angles with the sur-
face, and to all depths less than an inch, but usually less than
mt. Hist, Survey, Minn., Vol. I, p. 68,
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one-sixteenth of an inch, and indicate anincipient crushing to
the depth of at least an inch. They show in what manner the
rasping reduced the original projecting knobs. Where the
natural seams or planes of jointage cross the rock, causing
the quartzite to chip off sooner and deeper with a curving and
conchoidal fracture, these little checks are larger. Their pre-
vailing direction is transverse to the rasping force, so that the
rock along some grooves has a short, conchoidally fractured
structure transverse to the grooves, penetrating it to the
depth of a quarter of an inch, exhibited in a series of little
curving furrows where the laminae broke off successively, the
convexities of the laminae being toward the north.”” Know-
ing the erushing resistance of the quartzite, he has computed
that the pressure that caused these marks must have come
from an ice sheet several miles in thickness.

THE QUARTZITE IN LYON COUNTY.

On the surface the quartzite is found in but two sections of
a single township in Lyon county, and is nowhere exposed in
Sioux county. Thesesectionsare 7inTp. 100, N., R. XLVIII,W.
and 11inTp. 100, N,, R. XLIX W. The first named exposure is
found in the north central part of the section and may beseen
from the road on the state line. The outecrop is in the bottom
of a small valley and is perhaps fifty feet wide with a total -
length of half a mile. Erosion has removed the drift over this
limited area exposing the quartzite which, doubtless, under-
lies it throughout this corner of the county. Thirty miles to
the east it is known that the Benton shale intervenes. Sec-
tion 11 of range XLIX is in the bottom lands of the Big Sioux.
The quartzite here exposed is in the form of a ridge 100 yards
wide and 400 yards long, rising to a height of twenty feet. In
the bluffs justacross the river an exposure of quartzite, evi-
dently a part of this same ridge, rises to a height of fifty feet.

10 G Rep
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The dip of the rock at both of the Towa exposures is six
degrees north. Its characteristics are those common to the
quartzite in other localities. The metamorphism is general
but not universal. Occasionally the rock is soft enough to
crumble between the fingers. The joint planesare in twosets

F1G, 2. Jasper Pool. Quartzite exposure in Lyon county.

_at right angles to each other and from two to ten inches apart.
In section 7 there is a beautiful example of oblique lamination.
On the same exposure are remarable glacial striae and grooves.
Apparently the drift has but lately been removed from the
surface. The maximum depth of the grooves is eight inches,
which is considerable when the hardness of the rock is taken
into account. There are two distinet sets of striae, one evi-
dently more recent than the other, since in places one is erased
by the other. The corrected readings for these striae are S.
30° E. and S. 5° W.* It is not necessary to suppose that they
represent two ice sheets. The second set was probably formed
by the same ice sheet that was responsible for the first, the
change in direction indicating the direction of the ice move-
ment during its recession.

*Allowlng 10° for deflection of magnetic needle to the east,
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The quartzite, doubtless, underlies both counties, though
buried deep by drift and Cretaceous deposits. On Lu Peter’s
farm near Little Rock,on the eastern boundary of Liyon county,
it was encountered beneath shale and drift at a depth of 360
feet. At Ellsworth, Minn., near the northeast corner of Liyon
county, it was found beneath similar material at a depth of 281
feet.

FiG. 3. Obligue Lamination in quartzite of Lyon county.

The chief value of the quartzite lies in the fact that it is
easily shaped into paving blocks, which, on account of
hardness, are practically indestructible. Quarrying for this
purpose is extensively carried on at East Sioux Falls, S.
Dak. The fragments chipped off in making the blocks
can be advantageously crushed for macadamizing. Such
a crusher was operated a few years ago at Rowena, S.
Dak. Handsome structures for many purposes have been
built from the quartzitein the vicinity where it is found, and
a considerable quantity has been shipped for building purposes
to fairly remote points. There promises to be a steady and
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gradually increasing demand for quartzite for all of the pur-
poses mentioned, as its qualities become better known.

CRETACEOTUS.

For knowledge of all deposits except the quartzite and drift
we are dependent on certain exposures along the Big Sioux
and upon well data. Inferences may also be made from
exposures in neighboring counties. The Big Sioux has cut
through the drift and into the indurated rocks to a total de pth
of 250 feet, while the deep wells of both counties give data
that can be interpreted for 300 feet farther. The following
records are those of wells drilled by Mr. M. E. Layne, of Rock
Rapids, and are selected from many as typical for the locality
in which they occur.

Ellsworth, Minn., railroad well, one mile north Lyon county
line:

FEET.
O O e oo o ok et ot ([ eieyefalmtmce o w16ss7as e otafolotmiere firbliza 2
95 SYellovwrelay Wit gravell waiies o5 rmites st s aae e e e 3
BENRGPRWBL: cvis sioiievia sinjeierinlaieniniaale ot siirs 3iae s o s ST e A 6
o s tellow clay AR A PAVELL b i eie wisieeine/uinnitmmas 50
6. Sand and gravel (little water).........coieiiiuinnan. E
5. Blue clay with gravel and bowlders.......... Ao 95
4. Soapstone (shale), blue, nogravel...............cu.n. 50
3. Clean, water-bearing sand.......iioeeieevnnsinssesns 30
S AT WG o o te ot otels o s et s e A b e 20
1. Quartzite at depth of 281 feet .........ccociiuiiinnins

The flow of water from the sand just above the quartzite in
this well is said to be 100,000 gallons in twenty-four hours.
An effort was made to pass through the quartzite at this point
by other well drillers, and the rock was penetrated 300 feet,
when the effort was abandoned.

Well of John Vanderberg, near Sioux Center, in Sioux
county, Tp. 96, N. R. XLLV W., Sec. 27, south $4:

e e G e A S e e e N SR e e o ot 2
11. Yellow clay with eravel......ceoesemrireesiseesovane 120
10, Tioose Eand (N0 WALEE) . iiikstalieaanslsssaassasnssss 4
9. Blue and yellow clay with bowlders..... .......... 100
S T L Ol By i e ool st 66
7. Soapstone (shale), no bowlders or gravel............ 80

6. Fine sand (much water), entered to a depth of...... 13
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Well at Hudson, in valley of Big Sioux:

SE L D e e e B S N R 2
4 Yellow clay with EPRYB):..oceuiuiiieinsinieeee i 15
3. Blue clay with gravel........ St S BTk 100
2. Soapstone (shale), no gravel........... ..ciiiiennan 145
1. Sand (much water) stopped in this.................

New town well at Hudson, nearer the river than the one
just described, on gravel terrace:

T I e S 2 I A oneene I B el il s teeih 30
5. Blue clay with gravel ........ ....... RART A R HRAE 15
4. 'Soapetone’ (8hA16). m v v ma et i e s

o 0 IR b R o o ) R S e N S S 3
20 Shale with PYrIieR v i auasmre o S ARG 65
1. Sand rock with pyrites entered only (much water).... 5

Railroad well at Sibley:

TtiSellin e S T AT ey T DA e T s lata s ey 3
Ge: Yellow clay withigravel ... viiaivv s csmmaesis s e 60
5. Blue clay with gravel....... s Lo oy | D e 60
4. Sand and clay (Some Water) ..........cvveiiin snasan 6
3. Blue clay, sand with bowlders..........ccoevvvuunn.. 130
2. “‘Soapstone’ (shale) no gravel..........ccovinininnnns 80
1. Sand with much water, entered only (much water)... 20

The capacity of this well is given as 117,000 gallons in
twenty-four hours.

Mr. Layne reports that the so-called soapstone is a definite
formation and that after reaching it he feels certain of his
position and can predict quite accurately the distance beneath
it at which he will find the water-bearing sands. He reports
the ‘‘soapstone’ everywhere free from gravel and bowlders.
Samples of this rock brought to the surface from his wells
show that it agrees in color and texture with certain shales
exposed along the Big Sioux. These shales will be earefully
considered later. The water-bearing sand in which these
wells stop is generally coarse, that brought to the surface
from a number of wells resembling that which makes up the
Dakota sandstone. The abundance of water that the sand
yields favors the belief that they are to be associated with this
formation.
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DAKOTA SANDSTONE.

In Plymouth county, just south of Sioux, the Dakota sand-
stone is exposed in cuttings and has been identified not only
by its stratigraphical relations but by its fossils as well.
There it underlies the Benton shale. It is found in the same
position in South Dakota. The shale or ‘‘soapstone’ of the
well records is exposed along the Big Sioux and the fossils

-that it contains readily show that it is the Benton. Without
doubt, then, the sands yielding water in the deep wells cited
belong to the Dakota formation.

The Dakota sandstone in South Dakota furnishes the water
for the wonderful artesian wells that have added so materially
to the wealth of that state. 1In 1896 the outflow of these wells,
as estimated by N. H. Darton, ofthe U. S. Geological Survey,*
was 104,000 gallons per minute. A small fraction of the water
is derived from sources other than the Dakota sandstone.
The pressure at the surface of these wells is often 100 pounds,
and in a few cases amounts to 150 pounds. They supply power
for large flouring mills, electric light plants and similar indus-
tries. The artesian area lies in the main between the James
and Missouri rivers. The increase in elevation west of the
Missouri renders artesian wells in this region extremely
doubtful, for although the Dakota sandstone with its abundant
water underlies it the wells already flowing indicate that the
head would not be sufficient to raise the .water to the surface.
The counties along the Big Sioux in South Dakota and Iowa,
however, are very low, 200 feet lower than the artesian district.
Regardless of this fact there are no flowing wells in the vicin-
ity of the Big Sioux. The water inthe Lyon and Sioux county
wells that penetrate the Dakota sandstone rises only to within
100—150 feet of the surface. This lack of pressure necessary to
produce a flowing well is accounted for in two ways. First,
the Dakota sandstone is exposed along the Big Sioux and
the Missouri rivers, and there is opportunity for abun-
dant leakage. A more efficient reason is found in the distance

*10. 8. Geol, Survey, 7th An. Rep, p 609,
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from the source of supply. The Dakota sandstone outecrops
in the Rocky mountains and Black hills, and from these reg-
ions the water makes its way eastward through the pervious
rock to Towa. In accordance with the well known law of
physics the pressure diminishes regularly as the distance from
the source increases. Although the source of the water in
the Rocky mountains is 8,000 feet above the Dakota formation
in Iowa, the distance readily accounts for the diminished
pressure eastward. In considering the underground waters

Fia. 4. Diagram {llustrating relation of water pressure to distance from source.
of southwestern Nebraska, where the Dakota sandstone fur-
nishes wells like those in Lyon and Sioux counties, Dartont
suggests as an additional reason for the limited water press-
ure, that immediately west the formation may be finer grained
and so choke out the water.

THE BENTON SHALES.

Four miles south of Hawarden the Big Sioux river has
swung over against its east bank and after cutting through
the gravel terrace and drift has made an extensive excava-
tion in the underlying deposits. The Chicago, Milwaukee &
St. Paul railroad in laying the bed for its track at this point, has
aided geological study by similar excavations. The section
thus jointly revealed at one point is as follows:

I B T e e SR R N S A A RSP L 5
SR B 1 b it e B B e s R R e T e e 2
2. Bhale WithiSelemitie, . , vviv s iiiniainesiaons s smsnbrnmne osme 20
3 (IR B 170010 1) 1L e I S s S P 7 S A P D A T (2o WAt ST 20

tIrrigation Papers U. 8. Geol. Survey, No. 12, p. 4.
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Three hundred yards down the river the following series is
exposed:

FEET.
i) L UOBEE. 1wt s o ala, oY 1555 o e oteta 4 i A 155 - o e e AT P e e tar 20
R G e o e e Gy WA 25
R T T (5 e e S e e e i R P N S Pl s P 15
S ST Lt e S S e Lo N T T 20
s O R R S R e T R O NS O B O 10

The exact location of these exposures is in Sioux county,
Tp. 94 N., R. XLVIIIW., Sec. 22; west center.

The loess and drift have the characteristics common to these
deposits elsewhere in the county. The limestone in both
exposures is the same stratum. The lower exposure is on a
point of land that projects farther into the valley of the Big
Sioux than the upper, and it is evident that the shale which
in the upper exposure overlies the limestone, has been removed
by erosion and in its place sand deposited. The shale beneath
the limestone is probably presentat both points but is exposed
at only one. The section plainly indicated by these exposures
is, then, loess, drift, shale, limestone and shale.

FiG. 5. Benton shale exposcd three miles south of Hawarden. !
The upper shale is everywhere extremely fissile, the laminae

averaging ten to the inch, each quite distinct. It is practi-
cally free from lime. The predominating color is drab or slate,
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though it passes through all shades between red and black.
It is everywhere uniformly soft, though it is never reduced to
clay. Joints are common, seldom vertical, generally making
an angle of 45 degrees with the horizontal laminae. The
shale on either side of the joints is oxidized to a rusty red.

In this shale but one fossil form was found. It consists of
circular prints about an inch in diameter on the thin slabs of
shale. They are the impressions of spiral shells, disc-shaped,
the outer volution much larger than those in the center, the
volutions ridged.”* Three specimens were sent to Professor
Calvin, who pronounced them ZPrionocyclus wyomingensis, a
member of the Ammonite family.

This shale abounds in selenite. Tabular crystals varying
in size from a fraction of an inch to three inches are very com-
mon. Generally smaller crystals project from the prismatic
faces of the larger ones. Twin crystals are not uncommon. ~
Rosettes often occur, while between the laminae there is a
frost work of minute gypsum scales. The larger crystals are
seldom clear, all of them apparently containing some impu-
rities.

The limestone that appears in both the upper and lower
exposures is in very thin layers, averaging perhaps half an
inch. It is clearly distinguished from the upper shale but
shades gradually into the lower. It is generally hard and
brittle, though at points it is made up of coarse layers and is
softer, more nearly resembling chalk rock. At one point
there are cracks in the rock sometimes half an inch wide
filled with white powder. It effervesces slightly with aecid,
showing the presence of some lime. When heated it gives off
water abundantly. Under the microscope it appears to be
made up of very many minute crystals of selenite. The lime-
stone is filled with the large and well preserved shells of
Inoceramus labiatus.

The shale beneath the limestone is darker, harder and less
fissile than that above it. It contains a larger percentage of

*For full description of this ammonite see U, 8. Geol, Survey bulletin 106, p. 171,
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lime and shades gradually into the limestone. At times the
perfectly hard rock gives place to soft clay, which is extremely
plastic and in structure and color resembles the fire clay of
the coal measures. It is impossible to determine the thick-
ness of this shale here for it extends downward nearly to the
water’s edge where it is covered with alluvium. From this
lower shale rather fragile shells were taken, varying from half
an inch to an inch in length, somewhat like clam shells. As
identified by Professor Calvin, they belong to the genus
Anomia. One specimen of Ostrea congesta was found in the
same horizon.

The Prianocyclus impressions in the upver shale Professor
Calvin regards as sufficient proof that these shales belong to
the Benton, for Prianocyclus wyomingenis is a characteristic
fossil of this group. This precludes the possibility of the
underlying Inoceramus limestone stratum being Niobrara.
The whole series, namely, upper shale, limestone and lower
shale must be regarded as Benton. Professor Calvin reports
that just such a series is characteristic of the Benton in
the Black hills, where to the limestone stratum the title,
*“Oyster Shell Rim” is given. Inoceramus specimens from
this exposure are of the same type as those of the oyster shell
rim in the Black hills, whereas, in the Prianocyclus beds
above the rim there is an Znoceramus labiatus that has a very
different expression, so different that Professor Calvin has

FiG. 8. Section on Blg Bloux south of Hawarden. 1. Lower shale. 2. Limestone with
Inmoceramus labtatus. 3. Upper shale. 4. Sand. 5. Drift. 6. Loess.
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difficulty in agreeing with writers who do not make it a dis-
tinet species.

At the foot of the limestone and in the upper part of the
shale which underlies the limestone there are fine springs.

In the lower exposure the sand beneath the drift is evi-
dently older than the drift which it underlies unconformably.
This sand in color and texture is like that which generally
composes the Dakota sandstone, coarse and red. It is for
the most part uniform in texture. In digging down five feet
from the surface only one layer a few inches wide was found
containing material coarser than sand. Interspersed were
occasional layers of clay from one to three inches thick. The
upper surface of the sand was cemented by iron into a solid
sheet two inches thick. It seems that these sands were
deposited by the river before the older drift of the region was
laid down. The limestone that underlies the sand was doubt-
less the stream bed, while the shale, which a little farther
back overlies the limestone, was the ancient bank. The
Dakota sandstone was exposed to the north and contributed
the material.

In the pit of the brick yard at the edge of the town of
Hawarden, in Tp. 95 N., R. XLVIII W., Sec. 35, Ne. 1, there is
a good exposure of the upper shale. Its characteristics as
here shown are the same as those already noted. The selen-
ite is very abundant and is equally distributed throughout the
exposure,

Going north along the river no other exposures are found
till a point four miles south of Hudson is reached. Here, as
in those exposures south of Hawarden, the river has recently
been cutting into the east bank. This point is in Tp. 95 N.,
R. XLVIII W., Sec. 12, center. Eighty feet of the upper shale
are disclosed, extending from the water’s edge to the drift that
caps the bank. Here, as elsewhere, selenite is abundant.
Septarian nodules were found which have not been noted in
the exposures farther south.
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Six miles north of Hudson, at Fairview, on the Dakota side
of the Big Sioux, Todd has found the following section:*

FEET.

8. Slope covered with bowlders and clay............ 50-100
[Ft 1 e T 0 R SR B |
(AR % g LT B e S R A A S A A T L NS 4
5. Drab clay thinly laminated without fossils and
e 1ot e ] T e s o S e 7
4, Fine gray sand horizontally stratified............ 13
i AT e G e Y e S b e o e St s 40
2. Lead-colered clay and shell fragments..... ...... 5
1. Shale with calcareous concretions, level of stream, 2

On account of the layer of unconsolidated sand separating
the upper clays in this exposure from the lower, which he
regards as clearly Cretaceous, Todd is inclined to think that
sections 5 and 7 in the series above belong either to the Plio-
cene or the very earliest Pleistocene. Allowing three feet
per mile for the fall of the stream the water level here is
twenty feet above that of the Hudson exposure, where eighty
feet of undoubted Benton shale rise above the river. The
surfaces of the two exposures, then, are about on the same
level. The surface of the shale, however, before the drift
was deposited would probably vary a few feet at the two
points. The absence of selenite in five and seven of the Fair-
view series is perhaps the strongest reason for thinking that
they do not belong to the Benton, and leads to the belief
that they are to be classed with certain clays that are found
farther north.

The next exposure to the north was found on the Chicago,
Milwaukee & St. Paul railroad four miles east of Canton, in
Tp. 98 N., R. XLVIII, Sec. 11, center. This point is three
miles east of the river. It gave the following section:

4. Drift, somewhat oxidized, with gravel... ............ 8
3. Gravels, rusted, but slightly rotted..... .......... et D
2. Band; very fine, unoxidized. ... .vuciiiciirneesieinis 20
L Clay; drab; without pebblen. . i . aeinsamnionsssrossses 6

The lower clay is homogeneous in texture and uniform in
color except along joints where it is stained red. Care was
*Prelim. Rep. on Geol. B. Dak , 1804, Vol. I, p. 111.
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taken to determine the presence or absence of pebbles. The
surface was stripped to a depth of eight inches to remove
material that had fallen from above. In excavating a cubic
yard every spadeful of clay was minutely examined and not
one pebble was found. The clay lacks the lamellar structure
of the upper Benton. The sand is a striking feature of this
exposure. Itisextremely fine and resists erosion, presenting
the vertical faces so characteristic of the loess. To the .
unaided eye it reveals minute mica scales, while the micro-
scope shows that in the main it is composed of rounded quartz
fragments.

In cuttings on either side sands in the same horizon are
coarser and are everywhere water-bearing.

The clay probably corresponds to that of the upper members
of the Fairview series. Everywhere in Towa where the upper
Benton is exposed it is so definitely characterized by the pres-
ence of selenite and its lamellar structure, that the absence
of these characteristies here makes reasonable the supposi-
tion that the clays are younger than the Cretaceous.

The sand here exposed seems to be more than a local
phenomenon. Well drillers report that in the vicinity of
Inwood, which is two miles east of the exposure in question,
they frequently encounter quicksand at a depth equivalent to
that of these sands. At a corresponding level north of Sioux
City Mr. Bain has found beds of fine sand overlaid with gray
and yellowish clays with a few pebbles which do not seem to
be of northern origin. In these sands were found teeth which
Professor Cope identifies as Fguus major. Cope assigned the
sands to the Pleistocene.

Very recently in the vicinity of Akron, Professor Todd has
found elephant bones. These, however, were in the drift.
It seems safe to infer that the sand and clay in these expo-
sures is younger than the Cretaceous and older than the drift
that is common in the vicinity.
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THE PLEISTOCENE.
THE LOESS.

Excepting the areas indicated as having an abnormal topog-
raphy, namely, the four townships forming a square in north-
eastern Liyon county and a narrow strip along the Big Sioux,
north of Hudson, the entire surface of the region, save the
lower valleys of streams, is covered with a deposit known as
loess. In popular language it is called clay or loam, though
it is generally understood that its description does not fully
correspond with either. It islightin color, suggesting putty,
fine grained, so that when dry and rubbed it blows like dust,
porous as usually found, readily absorbing and holding water.
When wet it is plastic, yet adhesive, and readily yields to
the brickmaker’sart. It resistserosion and when cut through,
as in roadmaking, will present a face nearly vertical for years.
It shows a tendency to crack along definite vertical planes,
which at times gives rise to a structure roughly columnar.

It is free from pebbles and bowlders, and in this region they
will be found on the surface only in lowlands or on hillsides
where the loess has been washed away. The loess shades
upward gradually into soil, which is simply the loess with mat-
ter of vegetable origin added. The result is a soil darker
than loess, but lighter than that derived from drift or allu-
vium. The upper loess of Lyon and Sioux counties is gener-
ally leached, while the lower shows an abundance of lime.
The lime often manifests itself in the form of concretions or
lime-balls, which in size vary from that of a pea to lumps half
an inch through. When broken open they resemble clay and
are hollow, with cracks running from the center. They are
formed by water, bearing mineral matter which it has obtained
from the loess above. This material forms a coating about a
nucleus, and as fresh matter is contributed the concretion
grows. In regions where the surface loess is unleached there
is often evidence to prove that erosion has removed the
upper portion. The loess that abounds in these counties has
another characteristic to which attention is called, inasmuch
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as it helps to distinguish it from other material which may
perhaps be called loess, but which differs from the typical
loess of the region. This characteristic is its mottled appear-
ance, which appears only on close examination. The colors
present are red and buff, as though in spots more iron were
present or oxidation had gone farther. Very often, though not
always, there are black spots which seem to be of vegetable
origin. At times the loess shows slight lamination, the planes
being horizontal. No fossils have been found in the loess of
this region, though they are frequently associated with it
elsewhere. In thickness it is variable. On the bluffs three
miles south of Hawarden it is twenty feet thick. Anaverage
thickness is six feet. On the hillsides it is often slightly
thicker than on the crestis. The line between the loess and
underlying drift is invariably well defined. The drift and
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Fi1a.7. Section in Tp. 100 W., R. XLIV W,, Sec. 18, one mlle south of state line, showing
sharp line between loess and drift.

stratified material that underlies it always give the contour
of the region, and the loess is simply a veneer, never seriously
affecting the topography.

THE DRIFT UNDERLYING THE LOESS.

In Lyon and Sioux counties drift is everywhere found under-
lying the loess. Well drillings already quoted show that its
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thickness is about 200 feet. In the loess covered region the
characteristics of the drift are quite uniform, though this
drift varies decidedly from that of northeast Lyon county
where loess is absent. The best opportunity for studying the
drift is found in the railroad cuttings which are abundant in
both counties. A typical cutting is given in the accompany-
ing sketch. Itisfound inTp. 95 N., R. XLV W., Sec. 20, Se. 1,
on the Sioux City & Northern railroad, two miles south of
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FiG, 8. Typical section through drift and loess in Lyon and Sioux counties, showing
position of Intervening gravel and sand layer.

Sioux Center. About fifteen feet of drift are found under
seven feet of loess. The line between the two is distinct.
Directly under the loess here, as in very many other places,
there is a layer of gravel varying in thickness from a few
inches to two feet. In place cf gravel, sand is sometimes
found. Where both sand and gravel are lacking there is
invariably aline of rock fragments varying in size from pebbles
to bowlders two feet through. It may be said without
exception that on the surface of the drift, fragments of rock
coarse or fine have accumulated in quantities greater than in
an equal area of the drift below. In two cases wind-polished
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bowlders were found resting on the surface of the till and pro-
jecting upward into the loess. These were found in cuttings
in Tp. 98 N., R. XLVII, See. 28, Sw. ¥ and Tp. 100 N., R.
XLIV, Seec. 18 Ne. 1. .

In other localities similar bowlders were found in like posi-
tions, but their surface characteristics were not definite enough
to renderat all certain the statement that they show the effects
of wind action. The subsequent decay of the surface of many
bowlders has obliterated characteristics that were once clear.
In the first case cited a granite bowlder eighteen inches in
diameteris buried but slightly in the drift and projects into the
loess more than a foot. The upper side is beautifully polished
and calls to mind at once the wind polishing on the quartzite
already referred to. TIts surface is covered with indentations

Fig. 9. Wind polished bowlder resting on drift and projecting into loess. The figure
shows nicely the sharp line between drift and loess.
11 G Rep



122 GEOLOGY OF LYON AND SIOUX COUNTIES.

and irregularities and there is no suggestion of planing and
yvet, regardless of the unevenness, itis uniformly polished. It
is strikingly different from bowlders planed, striated and
polished by ice. The wind with material that it carries are
the only agents to which polishing of this sort can be attrib-
uted. The fact that the under surface which rests on the
drift is unpolished bears out this belief.

The amount of rotten material that rests on the surface of
the drift is more abundant proportionately than that scattered
through it. In the drift bowlders, granite predominates when
the entire area is considered, but in the western half of both
counties quartzite is most abundant. In the pebbles there is
a greater percentage of limestone, perhaps one-fourth of all
the smaller rock fragments being of this material. Next in
order of abundance are granites, greenstone and quartzite.
The pebbles and sand on the surface of the drift are usually
badly rusted and stained.

The upper part of the drift is invariably darker than the
lower, the color shading off gradually through six or seven
feet. This darker color is due to the oxidizing of the iron in
the clay. This dark rusty red follows the joints into the
lighter clay below, extending back from “the joints about an
inch on each side. Away from the joints the lower drift is
but slightly oxidized. The upper drift is not dark enough 1o
be called ferretto, and apparently oxidation has not gone as
far as in the southern part of the state where the very dark
surface band is developed to which this term is applied. The
drift is nearly everywhere unleached and responds vigorously
to the acid test. Lime concretions like those found in the
loess are common near the surface.

In the following railroad cuttings loess and drift like that
described are exposed:

On the Illinois Central:

Tp. 99 N., R. XLV W., Sec. 10, Se. 1.
Tp. 99 N., R. XLV W,, Sec. 14, Se. 1.
Tp. 97 N., R. XLIII W., Sec. 10, Sw. {.
Tp. 97 N., R. XLIII W., Sec. 36, Ne. {.
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On the Chicago, Milwaukee & St. Paul:

Tp. 97 N., R. XLIII W., Sec. 36, Nw. .
Tp. 97 N., R. XLV W, Sec. 29, center.
Tp. 97 N.,, R XLVI W,, Sec. 25, center.
Tp. 97 N., R. XLVI W., Sec. 26, N. %.
Tp. 98 N., R. XLVII W., Sec. 28, Sw. 1.
Tp. 98 N., R. XLVIII W., Seec. 11, Se. .

On the Burlington, Cedar Rapids & Northern:

Tp. 100 N., R. XLIX W., Sec. 26, Ne. 1.
Tp. 100 N., R. XLIV W., See. 18, Ne. 1.

On Sioux City & Northern:

Tp. 95 N., R. XLV W., Sec. 5, Sw. 1.

Tp. 97 N., R. XLV W., Secs. 8 and 6, a series of cuttings.

On Chicago & North-Western:

Tp. 94 N., R. XLV W., Sec. 17, Ne. .

Tp. 94 N, R. XLV W., Sec.18, Ne, 1.

Tp. 94 N., R. XLVIII W., Sec. 1, center.

Well drillers report that large bodies of sand are met with
in the drift, and all of the wells in the region more than thirty
feet deep and less than a hundred, end in these sand layers.
In thickness they vary from six to thirty feet. In some places
they are dry, but often they yield a considerable supply of
water, showing that they underlie more thana limited area.
On the Milwaukee road near the town of Perkins such a layer
of sand ten feet thick is exposed. The locality is Tp. 97 N.,
R. XLVI, Sec. 25, center. Well drillers also state that the
yellow bowlder clay persists to a depth of eighty or one hun-
dred feet, and is succeeded by blue clay, which continues until
the shale is reached. The alternation of blue and yellow clay
is also reported, but so vaguely that it seems impossible to
determine what it may signify.

Age of the Drift under the Loess.—With hardly an exception
the geologists who have studied the drift of Towa believe that
the state has been invaded by more than one ice sheet, and
that there were considerable lapses of time between these
invasions. One reason for so thinking is the frequent discov-
ery of buried forests and peat beds in the midst of drift. Such
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discoveries are reported from all parts of the state, one par:
ticularly interesting example occurring in Lyon county. In
most of these instances logs and peat are encountered in well
digging. These discoveries are altogether too numerous and
too well authenticated to be disputed, and prove that the ice
sheet that deposited the lower drift must have retreated at
least for an interval sufficient to permit vegetation to gain a
foothold. In the second place buried soils, that is, drift
mixed with humus, are frequently encountered. The soil
that has formed on the surface of the latest drift is but twelve
to fourteen inches thick. Soil lines much thicker buried
under many feet of drift are frequently encountered, and the
inference is that a longer interval elapsed before the upper
drift was deposited over this now buried soil than has passed
since the last drift sheet itself was deposited. Thirdly, where
old soils are so buried the clay beneath is generally leached.
The water percolating through the soil near the surface takes
its lime in solution and deposits it elsewhere. Water has lit-
tle access to deeply buried drift except along sand and gravel
horizons through which water is flowing. Leaching, there-
fore, generally accompanies other signs of old surface lines.
The extent of leaching depends not only upon the length of
time that the drift was on the surface, but also upon the
amount of water percolating through it. Under certain con-
ditions, therefore, it would be possible to have an unleached
soil, though it had long been exposed at the surface. A fourth
proof that former drift surfaces have been covered by subse-
quent drift is found in buried zones of oxidized material.
Exposed to the air the iron, always abundant in eclay, is
changed from the blue ferrous oxide to the red ferrie, the
depth of coloring varying with the degree of exposure. 'This
in turn varies with the nature of exposure and length of time
that the drift was subject to atmospheric action. The lower
the drift below the soil line the lighter the color, till it passes
from the red through yellow to simple blue clay. Again, in
connection with other phenomena indicating an old surface
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line buried by subsequent drift, are proofs that erosion to a
greater or less extent has modified the former surface. Such
proofs are found in acecumulations of pebbles and bowlders,
evidently once mixed with the clay, asin drift, but left behind
while the lighter material was washed away. It is possible,
of course, that such deposits were due to water action con-
temporaneous with the ice sheet, yet when they occur pre-
vailingly over large areas the former explanation often seems
more reasonable.

The occurrence of any one of these phenomena in a given
region would hardly prove conclusively that there were at
that point two or more drift deposits. When, however, many
or all of the phenomena cited occur together as they do
throughout the state, the proof seems adequate.* Working
along these lines the geologists of the United States Survey
and of the states of Iowa and Illinois have determined the
following drift sheets.

The Wisconsin, the youngest, overlies the others when
they occur in the same vicinity. Its topographic features,
likewise, show that its age is not great. In Iowa it extends
in a narrow lobe from the northern boundary of the state as
far south as Des Moines. Its western border, as will be shown
later in this report, barely enters northeastern Lyon county.
In northeastern Iowa there is a drift sheet older than the
Wisconsin, and in places lying under it, to which the term
Towan has been applied. Earlier than the Iowan ice was the
Illinoian which moved from the northeast and entered Towa
for only a few miles beyond its eastern boundary. More
general than these and earlier was the Kansan ice invasion,
which covered the entire state and extended on to the south.
Below the drift that is plainly Kansan, and separated from it
- by gravel beds, in certain localities is found a drift that is
believed to be pre-Kansan.

The drift of northwestern Towa has never been positively
identified with any of these drift sheets, though it has been
mgs Iowa Acad, Seience, Vol. V, pp. 64—100.
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thought that more careful study would result in associating it
with some one of them. One of the reasons for undertaking
at this time the geological study of Lyon and Sioux counties
was to obtain, if possible, more light on this problem. The
same drift is found to the south under the loess in Plymouth
and Woodbury counties, while still farther south, in Carroll
county, the drift was recognized as Kansan. No break or line
separating this Kansan drift from that of the northwest hav-
ing been found, unless there were other proofs to the contrary
it would be natural to regard the drift of the northwest as
Kansan. The study of Plymouth, Woodbury, Lyon and Sioux
counties has brought out certain difficulties in so associating
it. First, in the Kansan of southern Towa, oxidation has gone
farther than in the drift of Lyon and Sioux counties. In
Appanoose county, forinstance, and in Polk county under the
Wisconsin, the Kansan drift has been so thoroughly oxidized
that it presents a very dark band four feet thick. To this
band the term ferretto has been applied. The oxidized zone in
the drift of the northwest is not as well developed though it
is sufficient to make a strong contrast with the unoxidized
Wisconsin. Secondly, the drift of Liyon and Sioux counties is
practically unleached while the known Kansan farther south
is almost free from lime for three or four feet below the sur-
face.

Opposed to these objections are the following considerations:
First, as already stated, no line of demarkation has as yet
been found separating the drift recognized as Kansan from
that of northwestern Towa. In parts of Carroll county drift
recognized as Kansan lacks the ferretto zone* and this has
been accounted for by supposing that erosion has been unu-
sually rapid at those points. Toward the north the oxidation
seems to diminish. There is an interesting cutting on the
Illinois Central railroad half a mile east of Sioux Falls, S.
Dak., which presents the following section:
murvey. Val. IX, p. 87.
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5. Sandy loess, in placessand ......... .00 s 1- 3
4, Drift, unoxidizad, with freshpebbles............... 6-10
3. Silt, slate colorwith shells. ........o0cevenuvnnivee 3
2. Gravel, stained, partially decayed........ Rt s reate 1-2
1. Drift with ferretto very distinet................. L =1h

The oxidation of the lower drift at this point is as great as
in the typical Kansan. The gravel above it is like that above
the drift in parts of Liyon and Sioux counties. On the north
side of the cutting it is nearly two feet thick, while on the
south side only six inches. It is replaced on the south
side by silt containing many fresh water shells and bones of
turtles. The shells have bsen identified by Professor Shimek
as follows:

Planorlbis bicarinatus Say.
Planorbis parvus Say.

Physa heterostropha Say.
Limnea caperata Say.
Valvata tricarinata Say.
Sphaerium sulcalum Prime.
Pisidium compressum Prime.
Vallonia costata Ster.

SO et

90 2

“Of these, one to four are Pulmonates, five is a gill bearer
(Prosobranch), six and seven are bivalves, and eight is terres-
trial. The set one to seven can be duplicated in most of our
northwestern ponds with muddy bottoms. Eight is terres-
trial, but grows sometimes near the edges of ponds and is
common along streams. There is one specimen of this.”"*

The overlying drift is light colored, unleached and carries
fresh rock fragments. 1It, in general, resembles the Wisconsin
of other localities.

Similar exposures are found in the northern part of the town
of Sioux Falls, at several points near the brewery on Main
street. The beds are on about the same level as those east of

town. The drift below the silt at these points shows no
- ferretto, and oxidation has gone about as far as in the drift of
Lyon and Sioux counties. The extreme oxidation seen east of
Sioux Falls seems to be quite local.

*Proceediags lowa Acad. Bclences, Vol. VI, p. 125.
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In other respects the exposures are practically the same.
These points were visited by Salisbury, Bain, Leverett and
Todd, and the lower drift pronounced Kansan. The question
remained whether the upper or lower drift was to be corre-
lated with that of northwest Towa. The resemblance of the
overlying drift to the Wisconsin has impressed all those who

Ficg 10. Exposure east of Sloux Falls, S, Dak., showing Kansan drift under Buchanan
gravels, and these in turn under Wisconsio drifv. (After Todd.)

have seen these exposures. Conspicuous kames of Wisconsin
material in the vicinity, two miles south of the falls on the
south side of the river, have been noted by a number of
observers. The study of the Wisconsin moraine in connection
with this report has made plain that the exposure on the Illi-
nois Central east of Sioux Falls is on the edge of the moraine,
and that the loam and sand associated with it are to be
referred to the Wisconsin. Similar deposits of sandy loess
were found associated with the Wisconsin moraine in other
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localities. There seems to be very good reason, therefore,
for associating the lower drift at Sioux Falls, which is
regarded as Kansan, with the drift of northwestern Towa, for
the older drift in northwestern Iowa in all probability corre-
sponds to one of the two drifts in the Sioux Falls exposure.
It is of course possible that the Lyon county drift is not to be
associated with either of the drifts at Sioux Falls, but the dis-
tance between the localities is so short that the Lyon county
drift can hardly be considered a third deposit. The drift in
northwestern Towa is plainly not Wisconsin, therefore if it
coincides with either of the drift sheets exposed at Sioux Falls
it must be with the lower or Kansan.

Topographically the Kansan drift of southern Iowa has
been regarded as older than that of Lyon and Sioux counties.
The high gradients of the streams already cited is indicative
of youth. Yet streams of similar size flowing over undoubted
Kansan drift have as great a fall. English river in Washing-
ton county descends 3.3 feet per mile, while Skunk river, in
the same county, falls 2.75 feet in each mile. Towa river, at
Towa City, Johnson county, has a slope of 3.5 per mile, while
its tributary, Old Man creek, has a gradient of 5 feet per
mile.

In many places the gravel that so generally lies on the drift
just beneath the loess in Lyon and Sioux counties suggests a
similar zone found elsewhere above the Kansan. These
gravels are so prevalent above the Kansan that they have
been given a distinct name from the locality where they were
first carefully studied, Buchanan county. Professor Calvin,
in describing the Buchanan gravels, callsattention to the fol-
lowing characteristics. The material has been derived chiefly
from northern sources, though fragments of fossiliferous
limestone that have not been transported for any considerable
distance are not rare. Similar rock fragments are commonly
disseminated through the Kansan. A largeproportion isdark-
colored greenstone, with a high percentage of the individual
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fragments planed and scored. Certain granites and represent-
atives of other rock species are completely decayed, so that
blocks a foot in diameter fall to pieces under a single blow of
the hammer. The gravel is exceedingly ferruginous in places
and is everywhere much stained and weathered, particularly
near the top of the deposit, the weathered portion taking on
a characteristic reddish-brown color. These characteristics
are often found in the gravels overlying the drift of Lyon and
Sioux counties. In these counties there is a high percentage
of quartzite present, which would be expected when the near-
ness of the quartzite exposures is taken into account.

On the west bank of the Big Sioux near Canton and on the
east bank near Klondike there are exposures of gravel which,
except for the added element of quartzite, correspond in com-
position and structure in every way to the description quoted
above. A finely developed Wisconsin gravel train followsthe
Big Sioux, whose fresh gravels are in marked contrast to the
rusted and decayed material in the two localities mentioned.
On account of these contrasts it is impossible to associate the
gravels at these points with the Wisconsin train, though
their position would not necessarily exclude them. They are
probably relics of a former train dating back to the time when
the Buchanan gravels elsewhere were being deposited along
the edge of the retreating Kansan ice. Their position favors
this belief, though not compelling it, for they lie slightly
above the level of the Wisconsin gravels, relics of a former
terrace. On the Illinois Central in Tp. 99 N, R. XLV, Sec.
10, Se. 1, near Edna, similar gravels are exposed. While there
is a gravel horizon almost invariably above the drift the age
of the material at many points does not seem as great as at
the points noted. This raises the question whether the
gravels are not of different age and origin, the older bedsbeing
Buchanan gravels and the younger a residual deposit belong-
ing to the interval following the Kansan ice, called by Leverett
the Yarmouth. The Buchanan gravels as intrepreted by

Jalvin are a definite outwash of the Kansan ice, and as the
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ice retreated gradually the deposits of glacial floods would be
found not along the limits of the Kansan drift but on its sur-
face. The cross:bedding of the Buchanan gravels suggest
such an origin. If the Kansan drift was long exposed as sur-
face soil, gradual erosion of the lighter material would leave
on its surface the gravel and bowlders that were once mingled
with the clay. Such gravels would represent the Yarmouth
interval. Most of the gravels on the drift of Lyon and Sioux
seem to belong to this latter class.

The study of Lyon and Sioux counties, then, furnishes the
following suggestive points with reference to the age of the
drift in the northwestern part of the state. (1). The slope
of the streams is no greater than that of like streams on undis-
puted Kansan. (2). Oxidation in places has been carried as
far as in Kansan. (3). Gravels are present at various points
above the drift like the Buchanan gravels above the Kansan.
On the other hand, most of the drift, while oxidized to a cer-
tain degree, seems fresher than the Kansan where it is typi-
cally developed. Secondly, the drift is generally unleached,
while the lime has been removed from the upper part of the
Kansan. From this it does not necessarily follow that the
drift is young. The amount of leaching is determined in part
by the quantity of water that circulates through the lime-
bearing stratum, and if the surface of a given region is rela-
tively low so that there is little or no tendency for water to
penetrate the soil, long lapses of time may result in very lit-
tle leaching. On the other hand, if the gradients were high,
surface drainage would be increased and little water would
penetrate the drift. This also would account for absence of
leaching. Leaching goes on most rapidly where slopes are
moderate. High gradients also result in rapid erosion, and
for this reason Mr. Bain, in Carroll county, accounts for the
absence of ferretto and leaching in certain parts of the Kan-
san drift. The amount of rainfall®* in the northwestern part
of the state is less than that farther south, amounting to
murvey. Vol. 1X, p. &7,
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twenty-two inches, as compared with twenty-five to thirty-
two in the southeastt. The rainfall is confined more to cer-
tain seasons and is more abundant in limited periods. This also
would help to explain the unleached drift.

It is possible to correlate the drift with the Towan of the
eastern part of the state, which it resembles somewhat in its
limited oxidation and leaching. The loess has often been
regarded as related with the Towan drift, something after the
manner of an outwash. If this is true the drift beneath it
could not be Towan, for the underlying drift shows that a con-
siderable interval elapsed before the loess was deposited. In
a later paragraph on the origin of the loess, reasons for ques-
tioning whether the loess is a water deposit are advanced.
It is, therefore, doubtful, whether any argument in regard to
the age of the loess-covered drift, can be made from strati-
graphic relationship.

Topographically the drift is, perhaps, more closely related
to the Towan. The valleys are not as extensive as those on
the Kansan drift in the southern part of the state. Itisclearly
distinguished from the typical Wisconsin, however, by the
completeness of its drainage. The average rainfall of Lyon
county is eight inches less than that of southern Towa. This
fact permits the drift of Lyon county to be Kansan, even
though its topographic features are not so fully developed as
might be expected from study of the same drift in other
regions.

Considering everything, it seems safer to consider the loess-
covered drift of Lyon and Sioux counties as Kansan until
something is found in the way of a southern boundary to dis-
tinguish it from the recognized Kansan farther south.

THE ALTAMONT MORAINE.

The topographic features of northeast Lyon county have
already been described, and from the ridges and hummocks
that characterize the region it will readily be put down as
morainic. This inference from topography is borne out by

tReport [owa Weather and Orop Service, 1804, p. 52,
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the nature of the hummocks, since they are for the most part
composed of gravel. The accompanying sketch from photo-
graph, taken in Tp. 100 N., R. XLIIT W., Sec. 23, Se. 1, just
north of the town of Little Rock, shows a morainiec knob on
the very top of which isa gravel pit. The limits of the
moraine are best shown by the accompanying map of the
Pleistocene. There is no loess covering the morainic area
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F1G. 11. Morainic knob near Little Rock, Lyon county.

and surface bowlders are common. The material of the
moraine is fresher than that which underlies the loess. Itscolor
is yellow and it is but slightly oxidized. It often contains
rock fragments, but they are as abundant in the lower part
of the drift as near the surface. It is invariably unleached.
The outer ridge of the moraine, from Lyon county, trends to
the northwest, and on it is located the town of Adrian,
Minn. In Lyon county all of the region not loess-covered
is morainic, and to determine what lies within the moraine
it is necessary to go north into Minnesota. Going east
from Adrian the moraine is found to be three miles wide.
It gives place to level country with gradually increasing
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elevation till the surface is raised 100 feet above Adrian. On
this elevated ground the town of Rushmore is located. Three
miles east of Rushmore is the moraine of the Coteau des
Prairies. The characteristics of this moraine are in the main
those of the outer moraine already, described. In each case
the hummocks that so definitely mark a region as morainie
are abundant in certain localities and almost wholly absent in
others. When Upham described Murray and Nobles counties
in Minnesota, which lie directly north of Lyon county and into
which the Altamont moraine—as the outer moraine of the
Wisconsin is called—and the Coteau des Prairies extend, the
Altamont moraine was not recognized, though attention was
called to the rolling till outside of the moraine of the Coteau.
His deseription in this connection isinteresting.* ‘‘Hereand
northerly into Murray county this most prominently rolling
and highest part of the Coteau des Prairies in this latitude
forms the watershed between the basins of the Mississippi
and Missouri rivers. Its connection with the roughly hilly
and knolly outer terminal moraine traced from central Iowa
northward to Spirit Lake and thence westerly to Ocheye-
dan mound south of this county, and still more prominently
exhibited along the crest of the Coteau des Prairies in western
Nobles county, and thence northwesterly to the head of the
Coteau, shows that the border of the ice in the last glacial
epoch extended to this belt of massively rolling till; but though
it thus represents the outer moraine of that epoch, it nowhere
in Nobles county has such roughly broken knolls and small,
short, steep ridges as are common along nearly all of the rest
of this morainic line. ZFarther westward the surface of Nobles
county is in swells of till which trends mostly from north to south,
more massive and smoother than those which form the outer term-
inal moraine and of about the same elevation; or in nearly level
equally high plateaus of till, as at Rushmore, ten miles west of
Worthington.”” 'The italics are ours. The till outside of the
Coteau des Prairies in Lyon county is more typically morainic
mt. Hist, Survey, Minn., Vol. I, p. £20.
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than that described by Upham in Nobles county. But, taking
his description for the region outside the Coteau, with the added
light given by study of the relative oxidation of the drifts of
the region, and our present understanding of the loess, we
would be justified in expecting a moraine on the outer edge of
the non-loess-covered drift west of the Coteau.

Outside of the Altamont moraine in Lyon county and fol-
lowing its course is the level belt spoken of in connection with
the topography of this part of the county. Thisbeltaverages
four miles in width. It persists as a border for the moraine
into Minnesota and into Osceola county, Iowa. In Nobles
county, Minn., Upham thus describes it.* ‘‘The only note-
worthy deposit of this kind (modified drift)is that found in
Grand Prairie, the most southwest townshipin Nobles county.
Here a plain composed of stratified gravel and sand, but
covered with a fertile soil, reaches six miles east from Kanar-
anzi creek, with a width of about four miles, including the
southern two-thirds of this township.”” The thickness of this
gravel as shown by well borings at Ellsworth, Minn,, is six
feet. In Lyon county exposures of this water-laid gravel may
be found in Tp. 100 N., R. XLIV, Sec. 36, Se. 1, in a sand pit
near the roadside; in Tp. 100 N., R. XLIV, Sec. 14, Sw. { on
the banks of Tom creek, and cellars at the following points:

Tp. 99 N., R. XLIV W,, Sec. 1, Ne. 1.

Tp. 100 N., R. XLIV W., Sec. 25, Sw. .

Tp. 99 N., R. XLIII W., Sec. 4, Se. 1.

In Iowa as noted by Upham for Minnesota, the sand and
gravel of this strip are covered with a fertile soil. This soil
is akin to loess but more sandy. It does not havethe mottled
appearance noted in the loess that is common to Lyon and
Sioux counties, and Upham for Nobles county, Minn., excludes
the region from the loess-covered area.t The nature of this
soil is variable, at times closely resembling loess in texture,
while in the immediate neighborhood it appears as moderately
coarse sand. In two instances this sandy loam appears at

*Geol. and Nat. Hist. Survey, Minn,, Vol. I, p. 527.
tGeol. and Nat, Hist. Survey, Minn,, Vol. I, p. 526,
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some distance from the moraine on the banks of streams over
gravel which appears to be of Wisconsin age. The first is in
southeast Lyon county on the banks of Otter creek in Tp. 98
N., R. XLIII W., Sec. 32, Se. 1; the second is on the banks of
the East Floyd just west of Hosper inTp. 95 N,, R. XLIIT W.,
Sec. 10, Nw. . The more conspicuous gravel trains of the
Wisconsin are covered with alluvium which does not so closely
resemble loess. In a railroad cutting on the Burlington,
Cedar Rapids & Northern, in Tp. 100 N., R. XLV W., Sec. 23,
Se. 1, typical loess mottled, having the black specks spoken of,
is found under three feet of this sand and loam. This cutting
is shown in the photograph.

Fic. 12, SBandy loess and sand, overlying typical loess in Lyon county.

The difference in color between the two deposits is in part
due to the fact that the loess below holds the moisture longer
than the more sandy material above. Similar conditions
are shown in a road cutting three miles northwest of Rock
Rapids in Tp. 100N., R. XLV W., Sec. 22, Sw. 1. Here, how-



THE ALTAMONT MORAINE. 137

ever, the loess-like material above the true loess contains
coarser matter, not infrequently rock fragments a fifth of an
inch in diameter being found. This cutting is on the banks
of Kanaranzi creek.

The evidence seems sufficient to prove that the gravel area
is a real outwash from the Wisconsin, and it is probable that
the loess-loam above it had a similar origin. Itismuch easier
to think of this deposit which covers a limited area and is
directly associated with other water deposits as a phase of the
outwash, than it is to conceive of the normal loess as due to
the agency of water.

Altamont Moraine in Western Lyon County.—Liyon and Sioux
counties lie between two lobes of the Wisconsin drift. A por-
tion of the eastern lobe is found in northeast Lyon county.
The western lobe is found in Dakota, its western boundary
consisting of a moraine which follows the Missouri river as
far south as Vermillion. It then bends north and east to
Canton. In this connection Todd writes: ‘‘There comes a
gap between Vermillion river and Brule creek, probably caused
by a narrow ice lobe. The moraine extends along Brule
creek northward to Beresford and on to a high point south of
Canton. It is then feebly developed or entirely absent from
that point to the west side of the Big Sioux opposite the north-
west corner of Towa. There it forms a ridge running west-
ward to the East Vermillion river.”* The study of Lyon and
Sioux counties leads to a partial restatement of the nature of
the moraine along the Big Sioux. Instead of being absent
from Canton to the northwest corner of Towa, data will be
brought forward to show that at one point at least it is found
just east of the Big Sioux river, and that instead of running
west from northwest lowa as a ridge to the Kast Vermillion
river it extends northwest to Sioux Falls, then across the river
just northeast of that town, and continues almost due north
on the east side of the river. If these points are satisfactorily
demonstrated it will be impossible to account for the great

*Prelim. Report on Geol., 8, Dak., 1884, p. 115.
12 G Rep
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bend in the Big Sioux at Sioux Falls as deflection caused by
the moraine, and a cause antedating the moraine must be
ascribed.

The most conspicuous topographic feature along the Big
Sioux is the difference in elevation between its east and west
banks. From Canton to Granite the bluffs on the Iowa side
are 150 feet above those on the Dakota side. The drift on the
Dakota side has the characteristics of the Wisconsin and has
been so regarded. The drift on the east side is that whichin
this report is regarded as Kansan. The only available
explanation for this difference in elevation is found in suppos-
ing that at this point the Wisconsin ice removed more material
than it deposited as ground moraine. The older drift so
removed, however, must have been deposited at the edge of
the ice as terminal moraine or carried away by stream action
as fast as brought by the ice. Precisely at the points where
a very strong moraine would be expected it is weak or lacking
altogether. Well drillings at Hudson, inthe valley of the Big
Sioux, show that the valley of the stream at that poiunt is cut
deep in the Benton shale and is partly filled with drift. The
valley of the Missouri at Sioux City is filled with drift to a
very great depth. A gravel train of unusual size attends the
Big Sioux from northwest Iowa to Sioux City. These facts
lead to the belief that the material that would otherwise
remain as a moraine at the eastern edge of the Dakota lobe
has been removed by the river that ran along its edge, and
deposited in these valleys. Certain facts lead to the
belief that remnants of the moraine are still to be found on
the Towa side for ten miles south of the state line, and then on
the Dakota side.

In the northwestern corner of Lyon county, west of the
town of Granite, in Tp. 100 N., R. XLIX W., Secs. 25 and 26,
the Big Sioux flows through a narrow gorge in no way com-
mensurate with the valley above or below. Looking down the
river from the vicinity of Rowena, S. Dak., one would hardly
suspect that the river flowed through the narrow pass to the
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right, but would think that it turned to the left and followed
the broader valley of Blood Run creek. Reference to the
accompanying topographic map gives the same impression.
On the west side of this gorge is a knob that is a conspicuous
feature of the landscape and shows plainly on the topographic
map. This is the end of the morainic ridge recognized by the
South Dakota Survey. On the east side of the river at this
point there is a most interesting cutting on the Burlington,
Cedar Rapids and Northern railroad. It is shown in part in
the accompanying photograph. Beneath a younger drift is

FiG. 18. Rallroad cuttiag west of Geranite, showing Wisconsin moraine over older drift.

the older characteristic drift of Lyon county. The surface of
the older drift is uneven, having evidently been exposed to
erosion for a long time before the younger drift was deposited.
The upper drift completely fills the hollows in the older: and
caps the crests. The line between the two is very sharp.
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The upper drift abounds in huge bowlders, many of them of fos-
siliferous limestone. A brachiopod, Orthis testudinaria is
abundant in these limestone blocks. The surface at this
point is dotted with gravel knolls, from five to ten feet high
and varying in diameter from twenty to fifty feet. They are
irregularly distributed and are hard to account for unless a
morainic origin is ascribed to them. Traces of flint implements
and shells are not sufficiently abundant even to suggest for the
mounds an artificial origin, and the hummocks are too numer-
ous and too limited to this area to be regarded as freaks of
erosion. KEvidently the ice crossed the river at this pointand
this is a part of the moraine. Following the east bank of the
river still farther south other proofs that the ice reached the
Towaside appear. The drift is fresher looking than that out-
side the Wisconsin. This is true, however, only for a strip
not more than two miles wide along the river. The moraine
that crosses the river at Granite as a distinet ridge does not
long so continue, and if farther south it ever was in the form
of a ridge, its definite form has been broken down by erosion.
Two miles south of Granite and a mile east of the river, by
the roadside, the older drift is exposed under loess and above
the loess is a thin layer of drift. Fora considerable distance,
on a line a mile east and parallel with the river, bowlders are
common on the surface of the loess. These bowlders and the
drift spoken of as at one place overlying the loess may
represent remnants of the moraine. It is possible, though
hardly probable, that they are but a part of the older drift
washed down on the loess from greater elevations.

The valley of the Big Sioux from Granite to Canton is nar-
row as compared with the valley above at East Sioux Falls or
below at Hawarden, at which points it does not appear to have
been interfered with by the Wisconsin ice. The only explana-
tion that offers itself is that it was in part filled by morainic
material.

Three miles northeast of Canton distinet morainie signs are
found west of the river. Here a knob 140 feet high and a mile
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long is conspicuous from every point for miles around. At
the northeast corner of the town of Canton there is a similar
gravel mound sixty feet high, on which the water tower stands.
Both of these mounds are brought out plainly on the topo-
graphic map.

From the point where the moraine crosses the river, west of
Granite, to Sioux Falls it is easily traced as a well defined,
bowlder-strewn ridge. It passes east of Sioux Falls and
crosses the river two miles northeast of the town. At the
point of crossing several well-defined kames were developed.
Thence for ten miles it was traced nearly due north.

While the ice blocked the valley of the Big Sioux west of
Granite the water normally drawn off by this stream must
have been thrown over into tributaries of Rock river, and
particularly into Mud ecreek. The natural outlet toward the
east was the valley of Blood Run creek and this fact would
account for the great quantities of gravel, sufficient almost to
be considered a gravel train, along the banks of this creek.
Typical exposures of these gravels are found in Tp. 100 N.,
R. XLVIII W., Sec. 16, center, in cuttings on the Burlington,
Cedar Rapids & Northern railroad. In any other way it is
difficult to account for these gravels, for they are too abun-
dant to be regarded as residuum from the wash of the slope,
and the sources of the streams are not near the moraine.
Topographic maps of northwest Lyon county, and Rock
county, Minn., in which both Blood Run and Mud creeks have
their sources, show that such a diversion of the waters of the
Big Sioux would follow if the glacial damincreased the height
of the water 100 feet. =~ Back of the dam there must have been
a temporary lake. Perhaps this lake was responsible for the
silt found in the vicinity of Sioux Falls. A subsequent slightly
greater advance of the ice would cover it with the Wisconsin
drift, leaving it as now found.

Wisconsin Gravel Terraces.—Attention has been called to the
unusual quantity of gravel present as outwash along the Alta-
mont moraine in northeastern Lyon county. Where streams
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already existed the water that issued from the ice flooded the
banks and the current was strong enough to carry rounded
rock fragments, two inches in diameter and under, long dis-
tances. The rivers so flooded were the Big Sioux, and Rock
river with its tributaries in Lyon county. Throughout its
entire course between South Dakota and Iowa the Big Sioux
ran along the edge of the moraine and while the Wisconsin
ice lasted must have discharged vast quantities of water into
the Missouri. If the two lobes of the ice were synchronous
it is possible that the interlobate position of this region
accounts for the abundance of the outwash gravels. The
gravel train in the older portion of the Big Sioux valley is a
mile and a half wide. The present flood plain lies below the
gravel terrace about ten feet and is relatively insignificant,
averaging perhaps a fifth a mile in width. At Fairview, eight
miles south of Canton, the Chicago, Milwakee & St. Paul rail-
road has taken a great deal of gravel from this terrace for
ballast. In this pit bowlders are present in great numbers.
In other localities where the Wisconsin gravel terraces have
been exposed by cuttings, the material of which they are com-
posed is shown to be very uniform in size and bowlders are
rare. Bowlders in this pit are often two feet in diameter and
may have come from the Wisconsin moraine, which is eight
miles away. Taken in connection with facts which will be
considered in a paragraph on the pre-Wisconsin course of the
Big Sioux, it seems more probable that they were washed out
of the Kansan drift, through which the stream was cutting
when the gravel terrace was formed. InTp. 100 N., R. XLIX
W., Sec. 25, Nw. 1, a mile west of Granite, the Burlington,
Cedar Rapids & Northern hasa gravel pit from which alimited
amount of material has been taken. The Rock river touches
the Wisconsin moraine in Minnesota, and its branches, the
East Rock and Tom creek, drain portions of the outwash
region in eastern Lyon county and western Osceola. The
gravel terraces on the Rock river and its main tributary, the
East Rock, are half a mile wide in Lyon county, while in Sioux
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county the terrace of the Rock river is even wider, the two
streams having united above. Extensive gravel pits in the
Rock river terrace have been developed by the Chicago, Mil-
waukee & St. Paul, on the west bank of the river at Rock
Valley, and by the Sioux City & Northern at Doon. The
-gravel is finer than in the Big Sioux terrace, and more evenly
sorted. Abundant examples of oblique lamination occur in
these pits.

LPre- Wisconsin Course of the Big Siour.—In a single glance
at the course of the Big Sioux as shown on the map the
attention is caught by the peculiar bend near Sioux Falls.
After flowing south to this point, the river turns abruptly to
the northeast, holds this course for eight miles, and then as
suddenly resumes its course tothe south. The morainic ridge
east of Sioux Falls at once suggests that the stream was
deflected by the Wisconsin ice and the material that accumu-
lated along its face. The map shows that at the point where
the river again turns to the south it is joined by Split Rock
creek, a stream of some importance. The first inference
would be that the Big Sioux, when diverted from its normal
course by the ice, was thrown over into the valley of Split
Rock. This attractive hypothesis, however, is not sustained
by a more careful study of the region. In the first place, the
Big Sioux was not deflected by the moraine, but cuts through
it, east of Sioux Falls. North of this point it flows along the
inner edge of the moraine, while to the south it follows the
outer edge for some distance, with the exception noted near
Granite. The valley of the Big Sioux at the ‘‘big bend” is
too large to have been wholly developed since Wisconsin
times. In importance it is equal to that of Split Rock creek,
which this hypothesis would regard as the older. It is
true that the Big Sioux at present has the greater volume and
so, though younger, might have the larger valley, yet it seems
hardly possible that so large a valley can be younger than the
last ice sheet. Until evidence to the contrary is presented it
is easier to believe that the stream at the bend flows through
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a pre-Wisconsin valley which was not wholly obliterated by
the Wisconsin ice.

The valley at East Sioux Falls is more mature than at any
point for some distance above or below. It is outside of the
Wisconsin moraine, which here lies two miles to the west.
Near the state line the moraine crosses the river, producing
the gap mentioned. From this point south to Canton the
valley has been partly filled in by morainic material.

On the course of the stream between Canton and Hudson
the United States topographic map of the Canton quadrangle
throws much light. The difference in the amount of erosion
on the two drift areas makes it easy with the map to draw the
line between them. It is clear that near Canton the stream
leaves the margin of the Wisconsin moraine and flows through
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Fia. 4. Bketch of valley of the Big Sloux aut Fairview.
the older drift. This portion of the valley is narrow, as the
accompanying sketch made at Fairview shows, its slopes
abrupt, and not covered with loess, but instead abundantly
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bowlder strewn. Tributaries to the stream during this por-
tion of its course are insignificant. The inference is that the
stream which above followed the edge of the Wisconsin
moraine, here, while the ice sheet still remained, found a new
course across the older drift, probably following the course
of some tributary of the Rock river till it united with that
stream. 'This last inference is made necessary by the fact
that the valley at Hudson is deep, cutting down through the
Benton shale more than 100 feet, and now partly filled with
drift. Below the point where the Big Sioux and Rock rivers
unite, the valley is two miles wide and loess often covers the
slopes to the gravel terrace, leaving no doubt that it is pre-
Wisconsin. This valley is toolarge to be ascribed to the Rock
river before the waters of the Big Sioux were added to it, or
even to the work of these two after they united, and an
explanation must be found in the belief that the tributary
which here united with the Rock river, whose course was later
appropriated by the Big Sioux, was a stream of some impor-
tance, yet small enough to necessitate the reworking and
enlarging of its channel when its waters were augmented by
those of the deflected stream.

ORIGIN OF THE LOESS.

The study of Lyon and Sioux counties adds something to the
theories regarding the origin of the loess. The presence of
the wind-polished bowlders already described, in the surface
of the drift and projecting into the loess, favors the belief
that the loess at least in many places is a wind deposit. Prob-
ably the weightiest argument in favor of the loess as a wind
deposit is made by Professor Shimek, based on the fossils of
the loess. He finds that the great majority of the loess fossils
are shells of terrestrial species and he is able in many instances
to duplicate the fauna of the loess with material now found
living on the surface of the same region. “If the molluses of
the loess be used as an absolute measure of the amount of
moisture occurring during loess times,”” he says, ‘‘then we
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must conelude that Towa was without streams, for practically
no fluviatile molluses oceur in the loess, and that there were
but few ponds in which aquatic molluses found a favorable
habitat.*” He adds thatt ‘‘this, however, doesnot prove that
the loess regions were entirely devoid of lakes and streams,
but rather that the loess proper was deposited chiefly upon
high grounds.” A sheet deposit like loess oceurs for wind-
blown material if the area is evenly grass covered, while ridges
result if the vegetationis in patches. The black specks of
vegetable matter scattered through the loess of Lyon and
Sioux suggest that there was a uniform grass covering which
caught and held the fine dust particles. If the loess is an
eolian deposit differences in behavior of the material may be
expected and along streams where trees abounded ridges may
be looked for, while in a prairie region an even mantle is the
logical result.

Udden’s} careful discussion of the mechanical composition
of wind deposits, is of interest in connection with the loess.
His table of approximate maximum distances over which
quartz fragments of different dimensions may be carried by
the wind is given below:

(1) Gravel (diameter from 8 to 1 mm.) a few feet.

(2) Coarse and medium sand (diameter 1 to + mm.) several rods.
(3) Fine sand (diameter 1 to 4 mm.) less than a mile.

(4) Very fine sand (diamster ¢ to 1-16 mm ) a few miles.

(5) Coarse dust (1-6 to 1-32 mm.) 200 miles.

(6) Medium dust (1-32 to 1-64 mm.) 1,000 miles.

(1) Fine dust (1-64 mm. and less) around the globe.

These figures of Udden are based on careful experiments
and long continued observation. From them he deduces the
statement that ‘‘different grades of material are so far
separated from each other in the direction of the wind move-
ment that even with considerable change in velocity the prin-
cipal area of the deposition of sediments of one grade will not
far encroach on that of the deposition of materials much

*Proc. lowa Acad. Sci., Vol. VI, p. 103.

1. e. p. 109,

$The Mechanical Composition of Wind Deposits, Lutherian Augustana Book Concern,
Rock Island, I11.
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coarser or finer.”” He points out the fact that the western
plains and the Mississippi valley sustain the windward-lee-
ward relation to each other, and that dust stirred up on the
plains must be carried east by prevailing winds, and that part
of it without doubrt settles over the great central valley.” The
loess which is spread over most of the surface of this valley
resembles atmospheric sediment in mechanical composition.
That loess is certainly a wind deposit he does not affirm, yet
he makes clear that the arguments against the eolian origin
of loess based on the facts that it is uniform in texture and
unstratified are in large measure invalid.

Opposed to these facts, is the statement of the Minnesota
geologists that the loess seems to be practically limited by the
1500-foot contour. If this is true it would not necessarily
force the conclusion that the loess is a water deposit though
the fact would be most readily so explained. It would not be
wise at present to venture an assertion in regard to the origin
of the loess, but much of the evidence that has recently been
collected bearing on this question, favors its eolian origin.

ECONOMIC PRODUCTS.
BUILDING STONE.

The Quartzite.—The supply of suitable building material is a
matter of great importance to the many growing towns in
Lyon and Sioux counties. Where elegance and permanence
are desired the Sioux quartzite supplies the demand. The
stone is of great value for building purposes, for paving and
for curbing. Its value for paving is due to the ease with
which it is shaped into square or rectangular blocks of con-
venient size, and to its hardness, which renders it almost
indestructible even under the heavy traffic of the busiest por-
tions of our great cities. It is not practical to reduce the
face of quartzite pavers to the smoothness of vitrified brick,
and this fact, taken with the greater expense of the quartzite
blocks, renders impossible competition between these two
kinds of paving material. Vitrified brick are rapidly and
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rightly increasing in favor, yet there will always remain a
steady demand for quartzite pavers for streets where truck-
age is heavy and constant. As building material it is often
used in the rough in the vicinity of the quarries. Much of it
is dressed, however, and in nearly every town in the two
counties there are business blocks and churches built wholly
or in part of quartzite, while a greater quantity is used for
trimmings in brick buildings. Freight rates greatly restrict
the use of the stone, but it is shipped in limited quantities as

F1G. 15. Dam on the Big Sioux at Hawarden, Eusign & Gordon's mill.

faras Chicago. Within this radius the quantity used increases
as the source of supply is approached. Most of the quarries
now operated are located in Minnesota and South Dakota.
Imperfect railroad facilities are all that prevent Iowa from
entering this market with her sister states. The stone in
Towa is in every way suitable for the purposes mentioned and
an abundance of it is exposed on the surface. The outcrops
in Towa, however, are removed two miles from any railroad.
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The Illinois Central and the Burlington, Cedar Rapids &
Northern run at equal distances from the Iowa exposures, the
first to the north, the second to the south. In view of the
fact that vast quantities of the stone have direct access to
the railroad not five miles away at East Sioux Falls and
Rowena, S. Dakota, it does not seem practical at present to
attempt an extensive development of the quartzite in Towa.
CLAYS.

While the Sioux quartzite to a limited extent supplies the
demand for building material there is an increasing demand
for good brick in both counties. Very few are at present pro-
duced in either county, regardless of the fact that on account
of freight rates from Le Mars and Sioux City, the nearest
important producing points, they sell at from seven to eight
dollars a thousand. This condition is not due to lack of suit-
able material, nor wholly to lack of effort to utilize the mate-
rial, but rather to peculiar conditions in connection with the
management and operation of the *various brick plants that
have from time to time been established.

Over the greater part of both counties the loess is from two
to ten feet thick and in many places is available for brick.
The presence of lime concretions is sometimes considered a
hindrance, but in many localities coneretions are not abundant,
and even when present in numbers they do no harm if the
material is thoroughly ground. At Sioux City loess having
the same characteristics is successfully worked.

The earliest attempt at brick making in these counties
seems to have been at Elm Springs in northwest Sioux county.
About fifteen years ago two or three kilns were burned at
this point. The material used was glacial clay and the fuel
was wood. The product, as might be expected, was not
uniform and the manner of produection laborious and expensive.
At Orange City the plant of the Orange City Brick company
began operations in 1895 and ran only one year. An updraft
kiln was used and 500,000 brick were burned that are still
being sold. Five thousand repress brick were made with
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a simple hand machine. Loess was used and but little effort
was made to remove or crush the concretions and the appear-
ance of the brick was thereby marred to some extent, inter-
fering in a measure with their sale. The proprietors state
that in their opinion a down-draft kiln, permitting the use of
slack coal, could be made to pay. Differences of opinion on
the part of the owners have prevented the use of the plant of
late years. The price obtained for brick was from seven to
eight dollars per thousand. A brickyard was established at
Alton in 1893 which ran irregularly for three years. At the
end of that time the machinery wassold. Anup-draft kiln was
used and a United States dry press with a capacity of 10,000
aday. Loess was used which is reported as free from concre-
tions. Brick sold at from seven to nine dollars per thousand.
Former owners of the plant report that the trouble was in
the management. Those consulted reported that they
thought, with proper kilns, presses and management a factory
at that point would succeed. As formerly handled it was
impossible to compete with Sioux City.

At Beloit the J. A. Smith brickyard was for some time in
operation. Loess, and to some extent an underlying drift
clay, was used. The clay was first washed through a screen
to remove the concretions. It was afterward plugged by a
wheel, moulded by hand and burned with wood in an open
kiln. A good red brick is said to have been produced which
found a ready market.

The brickyard at Hawarden promised success in every way
before it burned in 1895. From a small plant working loess
by hand it had gradually developed into a large establishment
using the modern devices for brick making. An excellent
exposure of Benton shale was located and at the time of the
fire this was being made into an excellent grade of brick.
Much of the product of this yard is at present in the buildings
and pavement of Hawarden, and public opinion regards it as in
every way satisfactory. The market was good and prospects
for a large business excellent when the factory burned. The
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loss amounted to $10,000, with an insurance of $2,000. The
present owners are not in a position to invest further and in
the fall of 1899 an effort was being made tosell the remaining
machinery. The selenite in the shale is not in quantities
sufficient to injure in any way the quality of the brick, which
are hard and of a clear yellow-red color.

Orton & Son, during the summer of 1899, opened a yard at
Maurice. Loess is used which at the point of excavation is
twelve feet thick and wholly free from sand and concretions.
It overlies a sandy loess which contains considerable lime.
A “Little Wonder” side cut machine, manufactured by the
Walrus Mfg. Co., Elkhart, Ind., is used. It has a capacity of
25,000 in ten hours. The bricks are dried in sheds without
artificial heat and burned insimple up-draft kilns. Four kilns
of 25,000 each have been burned and the product is very satis-
factory. The bricks are smooth, hard and of good color.

Summing up the experiences of Liyon and Sioux counties in
brick making,it isevident that the same material is present that
is worked successfully at Sioux City. A little more care must
be taken to find localities where the loess is free from concre-
tions, or else to crush them, but loess without lime has been
located in many places. Experience in building and handling
kilns so far has been the main thing lacking. On account of
freight rates the local producer is given control of an excel-
lent market, and with fuel nearly as cheap as at Sioux City
the field is a promising one for investment.

CEMENT.

The rapid increase in the use of Portland cement in this
country has led the Towa Geological Survey to carefully deter-
mine whether suitable material is not present in our ownstate
for its manufacture. At present a large percentage of the
cement used in northwestern lowa is the product of the Yank-
ton mills. Among other samples submitted for expert anal-
ysis was material from the limestone in the Benton of the
exposure south of Hawarden. The report on these Hawarden
samples shows that while the material is soft and could be




152 GEOLOGY OF LYON AND SIOUX COUNTIES,

easily worked it is toolow in lime for cement purposes. Purer
material would have to be added to render it available.
An analysis of the Hawarden limestone is as follows:

(8 T e S T o T T ey TR Lok A e e o 21.92
B o L s o e T M AL B AT D e el s S L Jb
T T BT S o T R P e e e e R 6.68
o209 O MR T LRl SR AR Wl ) 64.30
B 0 e hioia s sy BRSO R e o 5.38

09.03

The insoluble matter consists of clay.

There is no considerable supply of purer material in the
neighborhood and in view of the more favorable conditions
elsewhere in the state it would be impossible to look to this
locality for cement material. A more complete discussion of*
the nature of Portland cement and the conditions necessary
for its successful production will be found in other reports of
the Geological Survey.*

GRAVEL AND ROAD MATERIALS.

The gravel terraces of Rock river and the Big Sioux yield
vast quantities of valuable ballast to the railroads in Lyon
and Sioux counties. In the previcus discussion of these
terraces, points at which gravel is being taken for railroad
purposes have been noted. Gravel in equal abundance may
be counted on as occurring at any point near these rivers in
both counties. Sand for building purposes is at times found
associated with these gravels. In northeastern Lyon county
the knobs of the Wisconsin moraine yield an abundance of
gravel that is chiefly used for road improvement. The loess
that is nearly everywhere found on the surface is itself a valu-
able road material. It dries quickly and after drying is firm
and compact. To one traveling with horse or wheel in
unsettled weather the change from the loess country to the
Wisconsin drift is striking and decidedly in favor of the loess.
Where the roads need artificial stiffening, as on the alluvium
of bottom lands, the material is usually at hand in the gravel
terrace.

" *lowa Geol. Survey, Vol. V111, p. 35.
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WELLS.

The gravel layers in the drift yield an abundance of water
for farm purposes. Water is obtained at depths varying from
thirty to two hundred feet. Such wells frequently yield 150
barrels per day. A larger flow may be counted on if the
wells are continued through the drift and shale to the sand and
sandstone that underlie them. This requires for wells on the
upland a depth of 400 to 550 fect. Wells penetrating the
Dakota sandstone frequently yield 100,000 gallons in twenty-
four hours. The water rises in the wells to within 100 feet
of the surface. [ or reasons discussed in connection with the
Dakota sandstone, flowing wells from this formationare hardly
possible. Small Howing wells from the drift may be obtained
but it is impossible to predict localities where they may be
found.

COAL.

The chances of finding coal in either county are very few.
The Cretaceous of this region is not a coal producer. Under
the Cretaceous there may be coal measures in the Carbon-
iferous strata, but the region is outside of the Carboniferous
area that so far has proved productive. Careful drillings
were made with the best machinery and by experienced and
reliable men, between Chatsworth and Hawarden, and while a
number of lignite veins were developed in the Cretaceous
nothing of value was found.

. GAS.

While drilling for water in Tp. 99 N., R. XLV W., Seec. 34,
Sw. 4, in Tp. 99 N., R. XLVII W., See. 9, Sw. 1, and in- the
vicinity of Doon, in three wells Mr. M. E. Layne encountered
gas or air, which when the well was closed developed a pres-
sure of twenty pounds per square inch. The gas was met
with in the drift at deptbs varying from 180 to 290 feet. When
the wells were cased the flow ceased. The gas was not
inflammable and is said to have had a disagreeable odor.

Beyond these points its nature was not determined. To one
13 G Rep
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of these wells a steam whistle was attached and allowed to
blow for two days. The gas seems to haveno economic value
and the supply would probably soon be exhausted. It doubt-
less has its origin in decaying vegetable matter in the drlft
possibly between two drift sheets.

WATER POWER.

The bed of the Big Sioux throughout its course along the
western boundary of Liyon and Sioux counties has a slope of
three feet per mile. It is a stream of considerable volume
and, therefore, furnishes valuable power.” At Hawarden,
Ensign & Gordon’s grist mill, by means of a seven-foot dam,
obtains fifty-horse power from two turbine wheels. For two
years they have been able torun without intermission, though
at times have been troubled by scant water supply during
August and September. The water is sev back by the dam a
little over two miles, They report no trouble from ice. At
Fairview, S. Dak., just across the river from Elm Springs,
Towa, A. Spencer & Co. operate a flour mill and use thirty-
five-horse power which they obtain from two turbine wheels
and a dam giving a head of eight feet. They report that dur-
ing nine months they have plenty of water and often during
the entire year. At Beloit and Klondike there are similar
mills operating under practically the same condition.

While the slope of Rock river is sufficient to furnish a good.
head of water with a dam of very moderate height, its volume
is not sufficient for milling purposes during the summer months.

SOILS.

The soils of these counties may be classified as loess, drift
and alluvium., The driftis practically confined to a fewsquare
miles in northeastern Lyon county. The loess covers the
remainder of the surface except along the rivers where it is
replaced by alluvium. The maps accompanying this report
indicate fairly the location of the three soils, the gravel trains
along the streams being alluvium covered.
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The alluvium is very fertile and bears abundant crops. It
is so thoroughly drained by the underlying gravel that it is
particularly productive during wet seasons and for the same
reason suffers first during times of insufficient rainfall.

The loess-covered country isan ideal farming region, favored
alike by drainage and soil. 1t yields abundantly and without
fail crops of wheat, oats, rye and corn. Indeed, of the grains
and grasses nothing appears to be excluded on account of the
nature of the soil. The loess readily absorbs moisture and
holds it for a long time, never bakes hard, and is always
mellow and easily cultivated.

The drift of northeastern Liyon county furnishes a clay soil
of great strength and fertility. The outwash region is partic-
ularly a region of beautiful farms, with level fields, yet free
from ponds and waste land. The bowlders on the surface of
the drift are nowhere abundant enough fo interfere with
cultivation. o
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THE FLORA OF LYON COUNTY.

BY B. SHIMEK.

The geographical position of Lyon county, its proximity to
the dry western plains, its altitude and topography, and the
fact that it is the only county in the state containing expo-
sures of crystalline rocks (Sioux quartzite), make it one of
the most interesting counties in the state from a botanical
standpoint, for these varied conditions naturally have their
influence upon the flora, which for its relationship looks
rather toward the high dry western plains than toward the
more moist prairies and forest regions to the east. Ior this
reason a somewhat detailed report upon the flora may be of
interest.* 'The surface of the county is for the most part a
rather high prairie, which in the vicinity of the rivers becomes
more rolling or quite rough, especially in the western part.
No extensive swamps, or pondsor lakes are found. The Rock
and Little Rock rivers are the only streams within the county
that approach the dignity of rivers, and the Big Sioux, the
largest stream, forms the western boundary of the county.

The greater part of the county is tillable. The river
valleys are alluvial, and in some places somewhat sandy. The
prairies are covered with a good black loam, the subsoil being
loess clay in the southern part of the county and drift clay to
the north. The latter makes quite as good a soil as the

*The observations herein recorded were made during three seasons in the montis of June,
July and August, and notes upon woody plants, ete., were also made in January. The vernal
flora was not studied.

14 G Rep
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former, except on knolls and ridges where there is occasion-
ally an excess of sand and gravel. The poorest soils are found
in the western part of the county, in the hilly country border-
ing the Big Sioux river. Here in many places, especially on
southerly slopes, the surface is gravelly and the soil is unpro-
ductive. The Sioux quartzite exposuresin the extreme north-
west corner of the county present a number of interesting
botanical features.* ,

Upon and adjacent to them are found several species of
plants which have not been found elsewhere in the state, such
as Opuntia fragilis, Potentilla pennsylvania strigosa, Euphorbia
obtusata, Artemisia frigida, Aphyllon ludovicianwm, Schedon-
nardus texanus, Buchloe dactyloides, ¥ Woodsia scopulina, Mar-
silea vestita,and several mosses and lichens. Otherspecies found
on the drier portions of the exposures are rare in the state.
Such are: Twlinum teretifoliuvm, Hosackia purshiana, Poly-
gonum tenne, Oxytropis lamberti, Chrysopsis villosa, Pentstemon
gracilis, Gilia linearis, Carex stenophylla, Selaginella rupestris.

In addition to this the more shaded portions of the rock
exposures, the adjacent streamlet and the more or less per-
manent pools of water with their outlying bits of marsh and
moist prairie, the adjoining alluvial Big Siouxriver valley with
its mud flats, sandbars and moist shaded banks, the drier
prairie hills bordering the river valley on the east, and the not
remote cultivated fields on the broad upper terrace of the
river valley, all bring here together a variety of conditions
scarcely to be found within any equal area in the state, and
all this ina strip lying along the northern boundary of the state,
and measuring scarcely two miles in length, and but a few
rods in width. This area, as might be expected, contains a
greater variety of plants than any other part of the county
indeed but few species which belong to the county are not
found within these restricted limits.

Aside from this the county offers but little variety in the
conditions which determine the distribution of plants. The

*For the anthot's diseussion of tha lora of these exposures see the Proc, Iowa Acad. Sel ,
Vol. LV, pp. 72-77, and Vul. V. pp 28-31
+Professor Mucbride now repoits this from Osceola and Dickinson counties,
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valleys of the larger streams present the usual alluvial condi-
tions, the rough western part of the county with its rounded
hills, capped with loess or drift clay, is in surface and flora like
the dry loess hills along the Big Sioux and Missouri rivers
farther south, while the greater part of the county is rather
high prairie, with occasional gravelly knolls or ridges, and
low marshy ‘draws.” Each of these regions, of course,
develops its characteristic flora.

The names of plants which are employed in the following
discussion are, with few exceptions, those of Gray’s Manual
of Botany, sixth edition. These are chosen not because they
are in all cases deemed correct, but because the manual is
still the most widely used work on systematic botany in the
state. This will make the list intelligible to a great number of
those who have not followed the recent attempts at changes
in nomenclature, while those who have done so will have no
difficulty in understanding to which plants reference is being
made.

NATIVE TREES AND SHRUBS.

So proportionately small is the forest area of Lyon county
that in any account of the botany of the county the woody
plants would stand among the last to be considered. But
much greater importance must be attached to them when we
seek in their distribution and habits the key to the solution of
the problems of tree-planting which are of so much importance
in the economy of the prairie regions.

Such natural groves as occur are practically restricted to
the three larger streams of the county. They are found in
part in alluvial valleys, and in part upon the lower slopes of
the adjacent hills. Along some of the smaller tributaries are
found small clumps of the willows Salix amygdaloides and Saliz
discolor, and of wild plum and white ash, but these can
scarcely be called groves.

The finest natural grove is found in the southwestern corner
of the county along that part of the Big Sioux river which
flows westward toward Canton, S. Dak. The river here
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approaches close to the high and broken bluffs on the south
side, being separated from them only by a narrow strip of
alluvial plain. For two miles these bluffs present a rugged
face to the north, seamed and scarred by ravines and gullies
which run back toward the higher crests to the south. Almost
everywhere these northern slopes, as well as the narrow allu-
vial plain below, are covered with a well developed forest.
On the alluvial plain soft maple, box elder, white elm and
white ash are most common, basswood is abundant on the
lower slopes, while on the higher slopes bur oak is the pre-
vailing form. But in no place does the grove reach the very
summit of the bluffs to any considerable exteiit. -

Upon the lower slopes true arboreal conditions exist.
Mosses and smaller species of flowering plants characteristic
of wooded regions, are abundant, and springs flow from the
base of the wooded bluffs. This is in reality the only place
in the county where true forest conditions, as we understand
them in the rougher eastern and southern sections of the
state, exist. Here, too, are found practically all of the
species of woody plants which are native to the county, and
on the lower slopes and the adjacent flats they are quite as
vigorous and thrifty as in more easterly forest regions. It is
only on the higher, more exposed slopes that the stunted bur
oak displaées all other trees, or rather, is alone able to gaina
foothold. In these more exposed portions of the grove the
surface conditions are quite different. The stunted trees,
growing more stunted with greater exposure, are scattered,
forming ‘“‘open’ groves. Theintervening ground surfacesare
in large part covered with tufts of grasses and other prairie
plants, and there is an almost total absence of leaf mould, of
moss-covered decaying sticks and logs, and of the masses of
smaller vegetation so characteristic of deeper woods. North-
ward from the Chicago, Milwaukee & St. Paul railroad the
bluffs on the Towa side are still rugged, but as the river flows
almost due south, they are here more exposed to the southerly
winds, and consequently but few groves have developed, and
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these are of the stunted, open type, chiefly in ravines and
‘‘pockets” below the crests of the hills, on the leeward side.

The alluvial valleys of the large streams present the usual
conditions which prevail along prairie streams which are
skirted with eclumps and bands of timber. As compared with
more typical alluvial valleys southeastward they show a
smaller number of species of trees, the trees are more
scattered with a lesser variety of small plants growing beneath
them, and there are frequent encroachments of species from
the adjacent prairies.

The native woody plants of the county may be divided into
three groups according to habitat:

1. Species of the alluvial lowlands.—As noted, these are
found chiefly along the larger streams, but straggling speci-
mens of the species already enumerated may be found here
and there along smaller streams.

The following species were collected:

Acer dasycarpuwm Ehrh. Soft Maple. Common.*

Negundo aceroides Moench. Box Elder. Common.

Populus monilifera Ait. Cottonwood. Common, but prob-
ably chiefly introduced.

Salie amygdaloides Anders. Black Willow. Common.

Saliz longifolia Muhl., Sand-bar Willow. Common.

Salix cordata Muhl. Heart-leaved Willow. Not rare.

Saliz missouriensis Bebb (7)1 Missouri Willow. Not com-
mon.

Sambucus canadensis L, Common Elder. Quite common.

Amorpha fruticosa L. False Indigo. Quite common.

Cratwgus coccinea L. Red Haw. Not rare.

Prunus americana Marsh. - Wild Plum. Common.

Fraxinus americana L. White Ash. Common.

Celtis occidentalis L. Hackberry. Common.

Vitis riparie Mx. Wild Grape. Quite common.

*All references to abundance of these woody plants are intended merely to comvey a
general idea of relative abundance of species in the restricted timbered area. The sum-total
of any one specles, of course, amounts to comparatively little because of the limited total
forest area.

tldentified by Mr. Ball.

15 G Rep
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Viburnum lentago L. Sheep-berry. Not rare.

Saliz discolor Muhl. Pussy Willow. Quite frequent.

The last six species of the preceding list also sometimes occur
on banks and lower slopes; indeed thisis true toa very limited,
extent of nearly all of the species in the list, the line of
demarkation being by no means sharply defined. The inter-
grading of conditionsnaturally results in a mingling of species
in any case, and this is intensified by the greater adaptability
of some species to conditions which are not normal. For this
reason in any system of plant grouping based on habitat it is
practically impossible to draw sharp lines between the groups
so defined.

2. Species growing on protected banks and lower slopes.—
Most of these species also extend more or less into the low-
lands. This group most nearly presents the speciesand condi-
tions which characterize hilly woods eastward. This is
especially true in the large grove already described, which is
really the only typical locality in the county. The following
is a list of the species:

Tilia americana 1. Basswood. Common, especially in the
large grove.

Ulmus americana L. White Elm. Common.

Ulmus fulva Mx. Red Elm. Rather common.

Ostrya virginica Willd. Hop Hornbeam. Frequent.

Fravinus pubescens Lam. Red Ash. Found sparingly only
near the Sioux quartzite exposures. Stunted forms of this
and White Ash occasionally ascend to the crevices in the rock-
ledges.

GFymnocladus canadensis Lam. Kentucky Coffee-tree. Quite
common in the large grove.

Amelanchier canadensis 'T'. and G. Juneberry. Found
occasionally in the large grove.

Prunus virginiana L. Choke Cherry. Quite frequent.

Rosa blanda Ait. Smooth Rose. Not common.

Rubus strigosus Mx. Wild Red Raspberry. Not rare.
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Xanthowylum americanwm Mill. Prickly Ash. Quite com-
mon, occasionally forming dense thickets.

Ribes floriduwm 1’ Her. Wild Black Currant. Not rare.

Ribes gracile Mx, Missouri Gooseberry. Very common
locally, sometimes forming dense clumps.

Celastrus scandens L. Climbing Bittersweet. Not rare.

Fuonymus atropurpurens Jacq. Burning Bush. Not com-
mon. -

Ampelopsis quinguefolia Mx. Virginia Creeper. Quite com-
mon.

Menispermum canadense L. Moonseed. Not rare.

3. Species of Wigher slopes and drier places.—Stunted speci-
mens of these species are likely to be found in straggling
clumps almost anywhere on the prairies, especially on knolls
and slopes, but they form no very considerable part of the
prairie flora, being more common at the borders and in the
vicinity of groves, or even extending into them.

Quercus macrocarpa Gray. Bur Oak. This is the most inter-
esting tree in all the northwestern division of the state. It
seems to be the pioneer of hard-wood trees, being the first of
all trees to gain a foothold upon the knoils and slopes of the
prairies. On the leeward side (¢. e., N. and N. E.) of the
slopes the trees reach some size, though never forming the fine
specimens which typify the species further east. As they
ascend upward or reach out into less protected tracts they
become more stunted and form the variety olivaformis Gray.
Fruiting specimens not over a foot in height are frequently
found in the exposed places. They have small leaves and
small acorns, and sometimes several short stems are clustered
on the same root. This species presents the best example of
the stunting effect of summer winds upon the perennial plants
of the northwest.

Rhus glabra L.  Smooth Sumach. Quite common.

Rhus tovicodendron L. Poison Ivy. Common.

Salix hwmilis Marsh. Prairie Willow. Quite common.
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Symphoricarpos occidentalis Hk. Wolfberry. This is the
most widely distributed of the smaller woody plants, being
found in almost all kinds of soils and situations. It usually
grows in clumps.

Ceanothus americanus L. New Jersey Tea. Not rare.

Rosa arkansana Porter, the Prairie Rose, found commonly
on the prairies may also be listed here.

CULTIVATED FOREST TREES.

The lessons which are taught by the native groves of Lyon
county may well be applied in the cultivation of forest trees.
The forest areas aresmall, it is true, and by far the greater
part of the country presents a more fitting field for the study
of prairie conditions, but the very fact that some trees do
grow indicates that so far as general conditions are concerned
they are not wholly unfavorable to the growth of trees. The
native groves are uniformly found in valleys or on the north
and east slopes of hills and knolls. The prevailing summer
winds are southerly and southwesterly. They are strong and
frequent, and being hot and dry they parch the exposed sur-
faces of the prairies. Both by their physical force and by
their temperature and dryness, they check the growth of trees.
In situations which are not exposed to these winds native trees
grow readily and normally, but in exposed places, if developed
at all, they are stunted and straggling. The Bur Oak, already
cited, furnishes the best illustration of the effect of these
winds.*

Exposure to the early spring sun on northern slopes, which
hastens the early development of buds which are often nipped
by late frosts, also serves to check or exterminate trees on
southerly slopes.

Naturally the conditions which operate against the growth
of native trees will also be unfavorable to the development
of cultivated trees. To grow treessuccessfully in this county
it is necessary that so far as possible they receive protection
mat.alled discussion of the effect of winds on growth of trees see the anthor's

paper in the Proceedings of the I_owa. Acad. of Sel., for 1889.

4



THE FLORA OF LYON COUNTY. 165

from the summer winds. There are really but two kinds of
habitats in the county which are unfavorable to the growth
of trees, namely the low, wet places in which the soil is
“soured,’” and the gravelly knolls and limited rock exposures.
The remaining soils are suitable for the growth of trees, and
there seems to be no special difference between the drift clay
soils and the loess, the latter, of course, representing merely
the finer parts of the former sifted out. In both of these soils
trees will grow readily if properly protected. Thisis best accom-
plished either by planting on northern and eastern slopes where
this is possible, or by growing the trees in mass, in groves and
not merely in rows, and surrounding the groves with rows of
Cottonwood. The Cottonwood is the best nurse-tree for this
purpose as it grows readily singly orin rows,—indeed it will not
grow well in groves, the inner trees usually becoming dwarfed
and soon dying out, while the outermost row uniformly shows
greater vigor and longer life. All other trees, however, do
better in groves, which should be dense at first, and later as
the trees grow larger, they should be gradually thinned out.
While small the trees should be cultivated, and later mulched
withstraw. Too much straw near the trees, however, increases
the danger from mice. The weeds should be cut before going
to seed, and left on the ground. No stock of any kind should
be permitted to enter the grove, as nothing so quickly
destroys trees. It is better to raise trees from seeds where
possible, or to plant small trees. Nothing is gained by plant-
ing large trees as these are usually severely checked in their
growth by transplanting. In transplanting, the roots should
never be exposed to the air or permitted to dry.

With our present knowledge it is safe to say that as yet no
introduced forest trees have exhibited superiority over native
trees. The Russian Poplar, which has been tried, is scarcely
a success, and moreover is a tree of comparatively little value.
The Catalpa freezes down and is not a success. The intro-
duced White Willow (Salix alba)is of the usual doubtful value.
The miles of willows planted by Jesse Fell in the vicinity of
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Larchwood in 1873 are now generally considered a nuisance.
The Russian Mulberry will answer for wind-breaks and hedge-
rows, but has no superior value. Lombardy Poplars have
long ago been declared worthless, and few appear in this
county. Evergreens of various kinds have been tried, some-
times with success, but more frequently they have failed. In
a general way it is safe to say that most evergreens will do
quite well when protected by other trees in groves already
established, but as pioneers they are scarcely to be recom-
mended.

Probably the best coniferous tree is the European Larch
(Larixz europea). It will grow in comparatively dry places,
the fact that its leaves are deciduous (and hence it is not an
‘““evergreen’’) no doubt being an advantage. It makes a fine
tree, grows rapidly, and its long straight trunk makes desir-
able post timber. It is not uncommon about Larchwood, and
its success has been amply demonstrated.

The Red Cedar (Juniperus virginiana), while rather difficult
to start in the open, makes good wind-breaks, and, when
established, grows well. 1t is more readily grown under the
protection of other trees, but the bark is often attacked by
mice.

The Scotch Pine (Pinus sylvestris) grows fairly well, though,
like all other evergreens, it is hard to start. It does not,
however, make a satisfactory tree in the end, becoming
scrawny and unsightly after eighteen or twenty years. The
Austrian Pine (Pinus austriaca) makes a handsomer tree than
the preceding, and improves with age.

The Norway Spruce (Abies excelsa) and some of the western
spruces have been tried, but only with indifferent success.
The best evergreens may be found in the former Larchwood
nursery, but here they received special care and were grown
in a large grove under very favorable circumstances. But
even here the White Pine (Pinus strobus) was not a success,
and its cultivation in this part of the state seems almost
impossible. -
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Arbor Vite (Thuya occidentalis) has been tried, but is no
more promising than some of the preceding.

In individual cases evergreens have done well, but on the
whole they are not adapted to open prairie country, and as
they are difficult to start, their planting, excepting occasion-
ally for ornamental purposes, is an unprofitable venture.

Deciduous trees fare better. This is probably due at least
in part to the fact that the loss of leaves (partial in very dry
seasons in summer, and complete in winter) results in the loss
of the transpiring apparatus, and the consequent inability of
the tree to throw off water during these unfavorable periods.
The trees which are most widely cultivated are the Cottonwood,
Soft Maple, Box Elder and White Willow, the last being
introduced. These and other species are here considered
separately.

Cottonwood (Poprulus monilifera). The chief value of this
tree lies in its rapid growth and its ability to hold its own
when planted in single rows, this fact making it of value
around groves of other trees. Mr. Carter, who surrounded
and quartered several sections of land in Allison township
with cottonwood trees some twenty-two to twenty-five years
ago, demonstrated the possibilities of this tree. Single rows
of Cottonwoods, now grown to large size, give to several
square miles of surface the appearance from a distance of a
large forest, and within the area itself the protection from
winds, and other advantages offered by timber tracts, are
presented in a marked degree.

For extensive wind-breaks, and for nurse-trees (only on the
outside of groves, however), it is the most valuable tree culti-
vated in this part of the state.

Box Elder (Negundo aceroides). This tree grows rapidly, and
produces a dense growth in a short time. It is also easily
cultivated. However, it does not produce a tree of lasting
value, and could be displaced by the White Ash with profit.
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Soft Maple (Acer dasycarpwm). This tree grows rapidly and
if grown in clusters forms good wind-breaks, but, as a per-
manent investment it is not of much value, its brittleness
also making it undesirable.

White Willow (Saliz alba). This is extensively grown in
some parts of the county, chiefly for hedge-rows. It quickly
forms a dense wind-break, but is otherwise scarcely desirable.
With Cottonwood it may be used for the outer protection of
groves.

A number of other species native to Lyon county, or com-
mon in not remote sections of the state, are suitable for
cultivation, and in the end prove much more satisfactory than
the four most commonly cultivated kinds. The following are
among the best:

White Ash (Frawinus americanus). This is undoubtedly in
many respects the most satisfactory tree for cultivation for
general purposes on our prairies. It forms a pretty tree,
stands drouth better on the whole than any other of the
species in this list, is not easily broken by the winds, and in
the end produces wood of excellent quality, an item which
should not be forgotten, for to the farmer upon the treeless
prairies a piece of strong, durable wood, suitable for repairs,
etc., is often a great desideratum. Horses, rabbits, ete., do
not often gnaw the White Ash, nor is it frequently attacked
by insects, and this gives it an additional advantage. It
grows best in groves which are protected on the south and
west. The chief objection which has been made to this tree
is that it is of slow growth. This is true only during the first
five to eight years. During these first years the Box Elder
easily outstrips it, but is soon excelled by it, not only in qual-
ity, but in beauty and size. The fine Ash trees on the old
Carter place in Allison township, the splendid groves belong-
ing to the McGuire Brothers in Rock township, and numer-
ous smaller groves scattered over the county, demonstrate
the usefulness and desirability of this tree beyond a doubt.
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Black Walnut (Juglans nigra). This valuable tree can be
grown with success in this county. The great mistake, how-
ever, which has been made in most efforts thus far, is that
the trees were planted in narrow bands or rows, and were
exposed. This develops trees with short trunks and wide-
spreading crowns which make but little headway, and in
exposed places they soon die. If grown in groves, especially
among older trees of other species, they grow readily and
produce tall straight trunks. The ash and walnut may both
be planted in old groves of the softer woods with the view of
displacing them. Walnut seed is best planted in the fall, and
should not be covered very deeply.

White Elm ( Tlmus americana). The elm has not yet demon-
strated its usefulness in this county. It does quite well,
however, in groves wherenot exposed to the winds, and in such
places makes a good rapidly-growing tree. Rabbits and
horses, however, relish it, and often do much damage.

Bass-wood (Zilia americana). While this tree does not com-
pare in value with some of the preceding, it makes a fine
shade and ornamental tree, but must be grown in sheltered
places.

Wild Cherry (Prunus serotina). This species is butlittle cul-
tivated, but deserves greater attention. It seems to grow
even in somewhat exposed places, but does better in groves.
The Red Elm (Ulmus fulva), the Hackberry (Celtis occidentalis),
and the Honey Locust (Gleditschia triacanthos) are also spar-
ingly cultivated, but they scarcely equal the preceding
species of this list in value, though they may be successfully
grown. The Wild Plum (Prunus americana) when grown in
thickets makes splendid wind-breaks, and should be more
widely cultivated for that purpose.

The hard-wood trees such as Oaks, etc., can scarcely be
grown to advantage until larger groves are established in
which they may find necessary prote