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SEVENTH ANNUAL

Report of the State Geologist.

lowA GEOLOGICAL SURVEY, |
Dis Moings, December 31, 1898, |
To Governor Lestie M. Shaw and Members of the Geological

Doard.:

GENTLEMEN—AS during preceding years, so during the past
year, the work of the Survey has been mainly along the line
of detailed mapping and the preparation of county reports.
In all, six parties were in the field. The work in Dubuque
county was under my immediate charge, the economic studies
being carried on by Mr. Bain, assisted by Mr. W. H. Guilford.
Mr. Bain also conducted the survey of Carroll county. Prof.
W. H. Norton, after finishing the survey of Scott county,
moved into Cedar and devoted the remainder of the field sea-
son to that area. Prof. T. H. Macbride undertook the work
in Humboldt county, and carried it vigorously forward to an
early completion. In Muscatine county we were fortunate in
securing the services of Prof. J. A. Udden, of Agustana Col-
lege, at Rock Island, 11l. Professor Udden had had experi-
ence in geological work in connection with the United States
Survey and the Illinois Board of World’s Fair Commis-
sioners. His residence at Rock Island had led him to study
the surrounding region, and he was accordingly exception-
ally well qualified to take up.the work in Muscatine.
After a field conference with Professor Norton, in Scott

11
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county, he moved south and devoted his attention to the area
assigned to him. His work here has been very thorough, and
has led to the discovery of many new and interesting things.

Dr. 8. W. Beyer devoted the field season to studies in Story
and Hardin counties, and since the close of the season has
been occupied in the Survey office at Des Moines. The sur-
vey of Story county has occupied his attention in the intervals
of his work at the college at Ames, since the organization of
this department. Since, however, Story is a prairie county
with few outcrops, so that the most interesting problems of
the region are those connected with the drift, it was thought
better to defer the publication of a report uponit until the sur-
rounding region had been studied. Accordingly, Boone, Polk
and Marshall counties have been reported on, and the map-
ping of Hardin county is now complete. The report upon
Story county, herewith submitted, fills an important gap in
our scheme of mapping, and at the same time is of consider-
able intrinsic interest. Dr. Beyer’s discovery of large bodies
of loess below the drift of the region lends confirmation to
some of the earlier results of the Survey, and at the same
time may prove of considerable economiec interest in affording
a suitable brick clay in a region where such ¢lay has not been
previously known.

In Hardin county Dr. Beyer began the work with a field
conference with Mr. Bain. He also had for a time the assist-
ance of Mr. E. C. Hecker, as local assistant. The results of
his work here are fully detailed in his report as appended.

The reports on Carroll, Humboldt, Story, Scott, and Mus-
catine counties are now well in hand, the maps are in the
hands of the engraver and the illustrations are being pre-
pared. The reports on Cedar and Hardin counties are being
pushed and can probably be submitted within a few weeks.
The Dubuque report will hardly be ready until after another
field season, as the region is one of considerable interest and
some difficulty, and it is expected that the report will be of
more than usual detail. \
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The eastern part of the county lies in the driftless area,
and the bold erosional topography developed in preglacial
time has not been modified by the action of glaciers or the
distribution of drift. On this account the mapping of the
geological formations requires an amount of detailed field
work greatly in excess of that necessary in the drift covered
counties of the state. Ifurthermore, the economic problems
are of unusual importance.

The field work of the past year has been carried forward
along the same general lines as those heretofore followed.
Scott county, mainly surveyed in 1897, was completed; and in
addition, Cedar, Muscatine, Hardin, Story, Carroll, Dubuque
and Humboldt counties, in all an area of 3,774 square miles,
were mapped. InCedar, Hardin and Dubuque counties certain
details are yet unfinished, and the work is now being prose-
cuted so far as the weather permits. The mapping is, how-
ever, substantially complete. At the close of the present
season the Survey has accordingly finished the mapping in
thirty-three counties. These are indicated upon the accom-
panying map and are listed below. The total area surveyed
up to date is 18,936 square miles, and includes much of the
more difficult portion of the state.

COUNTIES SURVEYED AND MAPPED.

Area sq. miles. Area sq. miles.

Allamakee .. .. c..oiiiiiisis s ] o P i P SR e £ 512
APPAanoose............. uiinn. L PR 1 1 e M LT Pttt P 720
Boamesaisveie e LM e Apy o4l 16~ Madison. , .vvgess st i ombos . B16
BUONEBRANS S s s W g 40 b0 Mahaskd . (i iieioaia By
Carroll. . ... YL O L, o 1) 576~ Marshall' ., ..o iiivenninn. 576
Cedtl faidTe 2i. & spblon s soed 576 Montgomery.................. 432
Cerro-GOFdDls se o e v o - gias ds @ s 570, MMuseadle .. cc.oiivsrmonmeones 437
AR e C AR e b i B A o n 5884, PLymnouth iy iyt sais adssed 860
YRR, Tt s B b T o e i Rl B Bolk aal o paren iy e bech H85
YL PRI e ¥k E W o B 5 B 1 LI 775 e ey 455
Des MOHRAE: w4 salb b anows b b AT BROPE .o s i o 8 5 et s ks mila 576
DUDUGUE S, fa s s o fots 5.5 dsonssasy ol 0 R ¢ 7 TR - 5 ] T A 484
TR0 = d e 1. e S A MR UL R TR R N e e 5069
15D S e a o S, JE 870" Wadliingbon (.u.s i wressmo.n s 655
Bumbaldh o o cbisisrvmenn npenes 432 Woodbury ................... 873
RRITRSOIT L Al o o et s <50 o 618

OB 5y E i f s vt 6 B e o 576 Tofhls, & es e E 508 B e 18,936
B i) Qe R S P . S, 576



14 ADMINISTRATIVE REPORTS.

The work of mapping the Pleistocene formations has been
continued, and numerous minor corrections have been made
on the preliminary map compiled by Mr. Bain for the last
report. The study of these surface deposits has its chief
economic interest in the fact that they are the basis of the
soil which has made Iowa famous among the agricultural
states. The Survey has planned from the first a systematic
study of the soils as one of the most important phases of its
work., 'The mapping of the surface formations is a necessary
preliminary. The latter having, however, progressed so satis-
factorily, application was made in 1897 to the United States
Department of Agriculture for aid in the study of the soils
themselves. The Department found itself unable at this time
to take up the Towa work, but we were fortunate in enlisting
the co-operation of the experiment station of the lowa State
College, and the work is now well under way.

A complete series of both mechanical and chemical analyses
of the various soil types of the state is planned, and a thor-
ough study of both the scientific and agricultural problems is
to be made. The field work will be done by the regular Sur-
vey assistants, and the laboratory work will be done at the
experiment station under the direction of Dr. J. B. Weems.
The object of the work is to make a thorough study of the
physical and chemical properties of the most important and
typical soils in Towa, adapted to the different staple crops,
such as grass, wheat, corn, ete. Important features of the
work will be a careful study of the texture of the soils, or the
amount of sand, silt and clay, and the relation of the soils to
moisture and heat. The soils selected for sampling for these
investigations are to be typical, and each will represent fairly
well a considerable area of land. They are expected to rep-
resent either the very best type of land for the staple crop or
crops of the locality or the very poorest lands for these same
crops. Both of these extremes are desired for contrast. For
example, if the staple crop of the locality is wheat or corn the
assistant is to select the best adapted to this staple crop and
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another soil if possible, in the same locality, representing a
considerable area of land upon which this staple erop cannot
successfully be grown on account-of the small yield of inferior
quality, or the time of ripening of the crop. It is desired to
have the samples taken from fields which are now, or have
recently been, under actual cultivation, in the crop or crops
best adapted to it, so that the real agricultural value of the
land can be accurately known.

The samples are taken inside the field, some distance away
from houses, fences, roads, or trees. In fields planted to
corn or similar large crops, the samples should be taken
about midway in the open spaces. They should be taken
where they will represent fairly well the average soil of the
field and of the large area of land which they are to repre-
sent. They should not be taken where the soil has been
washed, nor where the soil has accumulated to an unusual
depth. In collecting the samples the assistants areinstructed
to remove all grass, leaves, or litter, from the surface, and
then dig a hole like a post hole, twenty-four inches deep,
scrape the sides clean and notice the depth at which the
change of color occurs between the soil and the sub-soil.
““Take a sample of the soil from above this, by cutting off a
slice of soil three or four inches thick, down to the change in
color; and mix this thoroughly together. Iill a cloth sack
with this well-mixed soil, tie it securely, and fill out the
label on the back of the tag. Then clean out the hole again,
and scrape the sides so as to get rid of every particle of the
sotl, and take a sample of the sub-soil in like manner by cut-
ting down a slice of the sub-soil and thoroughly mixing it
together so that the samples shall contain particles of the
sub-soil from immediately below the soil, to a depth of at
least twenty-four inches. Put this sample of sub-soil into a
separate sack, tie it securely, and fill out the label on the
back of the shipping tag. If there is no apparent ditference
between the soil and the sub-soil, take a sample of soil,
nevertheless, to a depth of six inches from the surface, and a
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sample of the sub-soil from below this to a depth of twenty-
four inches, and put them into separate sacks as above. Till
out the form on the back of the shipping tag with the number
of the sack, the name, locality, kind of soil, etc. Give as
full information as possible as to what staple crop or crops
are best adapted to this land and the reason why the staple
crops, adapted to the locality, such as grass, wheat, corn,
fruit, truck and the different types of tobacco cannot be suec-
cessfully grown, so that we can compare the general agricul-
tural value of the land with other samples. Give the geo-
logical formations, to which the soil belongs, if possible.”’

Samples have been collected, as directed above, in Dubuque,
Carroll, Cedar, Scott, Muscatine, Story, Hardin and Hum-
boldt counties, and are now in the hands of the chemist. It
is hoped that the results of some at least of these analyses
may be in in time to publish in connection with the papers
accompanying this report.

Since the resignation of Prof. G. E. Patrick as chemist to
the Survey we have had no regular chemist, and our investi-
gations along that line have been somewhat limited. The
work of the present year has, however, necessitated the mak-
ing of numerous analyses and tests, and I have the pleasure
of announcing that Dr. J. B. Weems, of the experiment station
at Ames, has been employed to do this work.

The collection of statistics of production in the state was
taken up last year, and the first tables were published in vol-
ume VIII. In order to have them ready for publication in
that volume it was necessary to estimate the production in a
few cases where unusual delay was met. These estimates
were checked in every possible way, and the returns coming
in later show that they were substantially correct, except
that the total value of the clay output should have been
slightly larger. In the collection of these statistics the Sur-
vey had the heartiest co-operation from the producers, and
the letters of commendation received since indicate that the
work met a real want. The total value of the mineral pro-
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duction of the state in 1897 was about 57,500,000, and impor-
tant and encouraging advances along several lines were
reported.

The statistics reported last year were obtained by personal
letters or visits to each producer. This entailed a large
amount of extra work, since the number of individual pro-
ducers is large, and the operations are usually small. It also
put upon each producer the burden of filling out a separate
blank for this office, in addition to the one sent to the United
States Geological Survey, and, in the case of the coal opera-
tors, to the mine inspectors. To avoid this duplication of
work, and to insure as accurate results as possible, arrange-
ments have been made whereby the work this year will be
carried on in co-operation with the United States Geological
Survey. In consultation with Messrs. E. W. Parker and
Jefterson Middleton of that organization, who visited Des
Moines for that purpose, terms mutually advantageous to
both Surveys have been arranged, and the expense of the
work will hereafter be divided. It is believed that this will
meet with your hearty approval. The returns for the year
1898 are expected to be in hand in time to permit them to be
appended to this report.

The law governing the Survey gives the director authority
to investigate natural history subjects other than those
directly relating to geology. So far it has not seemed possi-
ble to take up this work farther than the preparation of
forestry notes on the various counties surveyed. For some
time, however, Professor Pammel, of Ames, has had in prepa-
ration for the Survey a complete monograph on the grasses of
Towa, and it is a pleasure to be able to report the probable
early completion of this valuable paper. At present it is
being held awaiting the completion of a series of chemical
analyses by Dr. J. B. Weems, which will add greatly to the
value of the report, in the light which they will shed on the
forage value of the various plants. Grasses, because of their
intimate relation to the great stock raising and dairy inter-
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ests of the state, are one of Towa’s most valuable products,
and it has been thought better, for the sake of the greater
ralue of the report, to allow this delay.

Other natural history monographs of economic value are
promised or in contemplation, and will add greatly to the use-
fulness of the work which this organization is doing for the
state. It is recommended that Professor Pammel’s report be
issued as a separate publication of the Survey.

Within the year volume VIII of the reports of the Survey
was printed and distributed. Its table of contents will be
found in the list below. As usual there has been a strong
demand for the report and the edition is being rapidly
exhausted. The original law governing the distribution of
the reports of the Survey contemplated the sale of the bulk of
the edition at a price sufficient to cover the cost of the print-
ing and binding, and the proceeds of such sales have been from
time to time covered into the state treasury. In the work of
code revision the law was changed a little, so that the num-
ber which may be gratuitously distributed has been consider-
ably increased. The volumes are now sent out upon the
request of members of the general assembly, and at present
copies of volumes VI to VIII, incllsive, may be obtained in
this manner. A certain number of copies of each volume are
reserved and are distributed only by sale, thus making it pos-
sible for any one, by the payment of a nominal sum, to com-
plete his set. Some of the separate papers are now out of
print and cloth bound copies of the earlier volumes cannot
now be supplied. A price list of the publications on hand is
appended.

The edition now published by the Survey consists of 3,000
copies. A portion of this edition, 2,000 copies of recent vol-
umes, is bound in ecloth, 500 are bound in paper, and the
remaining 500 are cut up and bound in paper as separate
pamphlets. Three hundred copies of each county report are
placed at the disposal of the senator and representatives from
the county, serving in the general assembly at the time the
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report is issued. The remaining copies are distributed by
the Survey upon request. A very large number of these
pamphlets have found their way into the schools and are
being used as text-books. There is probably no place where
they will be more useful, and so far as the supply at the dis-
posal of the Survey permits we are glad to honor requests for
them for such use.

“
VOLUME 1. PIRST ANNUAL REPORT, 1892.
480 Pages, 10 Plaies, 26 Fligwres.
Price, in puper, 70 cenls; postuge, 26 cents,
CONTENTS:
Administrative Report of the State Geologist.
Administrative Report of the Assistant State Geologist.
Geological Formations of Towa; by Charles Rollin Keyes.
Cretaceous Deposits of Woodbury and Plymouth Counties, with Observations
on their Economic Uses; by Samuel Calvin.
Ancient Lava Flows in Northwestern Iowa: by Samuel W. Beyer,
Distribution and Relations of the Saint Lonis Limestone in Mahaska County,
Towa; by Harry Foster Bain.
Annotated Catalogue of Minerals: by Charles Rollin Keyes.
Some Niagara Lime Burning Dolomites and Dolomitic Bnilding Stones of
lTowa; by Gilbert L. Houser.
Bibliography of Iowa Geology; by Charles Rollin Keyes.

VOLUMIE II. COAL DEPOSITS.
BY CHARLES ROLLIN KEYES.

a6 Pages, 18 Plates 251 Figures.

Price, in puper, 70 cents: postage, J1 cenls.

CONTENTS:
Chapter I. Introduction.
Chapter IL Origin of Coal.
Chapter III. Carboniferous Basin of the Mississippi Valley.
Chapter IV. General GGeology of the Coal Region.
Chapter V. Lithology of the Coal Measures.
Chapter VI. Stratigraphy of the Coal Measures.

Chapter VII. The Coal Beds.
Chapter VIII. Description of the Coal Beds Now Operated in North Central

lowa.
Chapter IX. Deseription of the Coal Beds in Central Towa.
Chapter X. Description of the Coal Beds of Southeastern [owa.

Chapter XI. Deseription of the Coal Beds of Southwestern lowa.
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Chapter XII. Description of the Coal Beds of the Outliers in Eastern Iowa.
Chapter XIII. Composition of Towa Coals.

Chapter XV, Waste in Coal Mining.

Chapter XV. The Coal Industry.
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CONTENTS!:
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CONTENTS:

Lead and Zine Deposits of lowa; by A. G. Leonard. 10 cents.

The Sioux Quartzite and Certain Associated Rocks; by S. W Beyer. 10 cents.

Artesian Wells of Towa; by W. H. Norton. 55 cents.

Relations of the Wisconsin and Kansan Drift Sheets in Central Iowa, and
Related Phenomena; by H. F. Bain. 10 cents.

VOLUME VII. ANNUAL REPORT, 1896.
550 Pages, 11 Plates, 11 Maps, 81 Figures.
Price, in cloth, $1.30; postage, 34 cents.
In paper, $1.15; postage, 30 cents.
The individual papers of this volume will be sent postpaid, bound in paper, upon
receipt of the amount set opposite them.
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CONTENTS:
Administrative Heports.
Geology of Johnson County; by 5. Calvin. 30 cents.
Geology of Cerro Gordo County; by S Calvin. 30 cents.
Geology of Marshall County; by 5. W, Beyer. 30 cents.
Geology of Polk County: by H. I'. Bain. 30 cents.
Geology of Guthrie County; by H. 1. Bain. 30 cents.
Geology of Madison County; by J. L. Tilton and H. I, Bain. 20 cents.

VOLUME VIIIL. ANNUAL REPORT, 1897.
427 Pages, 32 Plates, ¢ Maps, 13 Figqures.
Price, in cloth, £1.50; postage, 30 cenls.
L paper, $1.15; postaye, 26 cenls.

The individual papers of this volume will be sent postpaid, bound in paper, upon

receipt of the amount set opposite them.
CONTENTS:

Administrative Reports.

Geology of Dallas County: by A. G. Leonard. 25 cents.

Geology of Delaware County; by S. Calvin. 25 cents.

Geology of Buchanan County: by S Calvin. 25 cents.

Geology of Decatur County: by H. I'. Bain. 25 cents.

Geology of Plymouth County: by H. I'. Bain., 25 cents.

Properties and Tests of lowa Building Stones: by H. F. Bain. 25 cents.

The museum and library of the Survey have continued to
grow and several valuable periodicals have been added to our
exchange list. Among the more important are the following:

Trans. Australian Inst. Ming. Eng. (Melbourne.)

Technology Quarterly. (Boston.)

Proc. Philos. Soe. of Glasgow. (Glasgow.)

Jour. Western Soc. Eng. (Chicago.)

An important donation of fossils was received from McKees-
port Scientific and Philosophical Society, representing the
common fossils of the Pennsylvania coal measures.

In the office there has been the usual heavy correspondence
relating to exchanges, distribution of reports, inquiries, etc.
The copying and revising of manuseript, proof reading and
the preparation of advance notes for the newspapers and the
articles for the scientific and technical press, calling atten-
tion to Lowa’s resources have also absorbed much time. This
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office work has been carried on as in previous years except
that we have had the aid of Dr. Beyer during the winter
months.

My personal work has involved the constant supervision of
the operations of the Survey. The large amount of office
work incident to the position, the revision of all manuscripts,
the study of the fossil forms collected by all the parties in the
field, together with the field work and study of structural
problems which engaged my attention during the working
season. The greater part of the field season was spent in
Dubuque county. 'This is one of the most important counties,
geologically speaking, in the state. A proper solution of all
the problems presented by Dubuque county demands much
more time and labor than will be necessary in many of the
other counties of Towa. In the driftless portionof the county,
every square mile must be examined in detail. The borders
of two of Towa’s drift sheets pass through Dubuque county:
the county has long been noted as the seat of the lead and
zine industry of the state; and the building stones and lime-
burning rocks are of especial importance. The work in this
county was divided, Mr. Bain taking up the study of the
economic problems, while my investigations were devoted to
the geological structure—including both indurated rocks and
and to the detailed mapping of the sev-
eral geological formations. Besides the time spent in

superficial deposits

Dubuque county, some time was spent with the several geolo-
gists having direct charge of the work in each of the follow-
ing counties, namely, Scott, Cedar, Muscatine and Humboldt.

Mr. Roy Mosnat, of Belle Plaine, as volunteer assistant,
has made a detailed study of the Belle Plaine Artesian Basin,
has mapped the several wells, and has collected data of very
oreat interest respecting the quality and volume of water
supplied by this important hydrographic area.

Dr, Charles R. Kastman, of Harvard, is prosecuting studies
on the interesting, and in some cases unique, collections of
fossil fishes supplied by the geological formations of Iowa.
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The United States Geological Survey extended its topo-
oraphic work in lowa, completing the sheet west of that
which was surveyed last year. This work is of especial
importance to the Towa Survey, inasmuch as it will greatly
reduce the expense of correct geological mapping in the
Driftless Area. This area includes, so far as relates to Towa,
all or part of the counties of Jackson, Dubuque, Clayton,
Fayette, Allamakee and Winneshiek. Of these important
counties, Allamakee and Dubuque are the only ones so far
studied. I have the honor to remain, gentlemen,

Your obedient servant,
SAMUEL CALVIN,
State Geologist.
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Towa GEOLOGICAL SURVEY, |
Dus Moines, December 30, 1898, )

My DeaRr Sir—I have the honor to submit the following
report upon my work for the past year. The earlier months
of the year were, as usual, taken up with office duties, includ-
ing the supervision of the printing of volume VIII of the Sur-
vey reports. This required more or less attention throughout
the first six months of the year. In April, when the weather
became suitable, out-of-doors field work was taken up and
was continued, so far as office duties would allow, until
December 18th. My personal field work for the year was
mainly in Carroll and Dubuque counties. IExcursions were
made in Hardin county, in company with Dr. Beyer; in John-
son and Tama counties, in your company, and in Pottawatta-
mie and numerous other counties alone. In September a trip
was made through the northwestern portion of the state, in
company with Prof. .J. E. Todd, state geologist of South
Dakota, and Mr. Frank Leverett, of the United States Geo-
logical Survey. Carroll, Sac, Ida, Crawford, Woodbury, Plym-
outh, Sioux and Lyon counties, and adjacent portions of
Minnesota and South Dakota were visited, attention being
especially directed to a study of the drift formations. The
discovery of fossiliferous clays of Buchanan age, at Sioux
Ttalls, was one of the gratifying results of the trip. More
extended studies of the interloessial till at Sioux City devel-
oped the fact that the beds found below the till are fine water-

3 G Rep 25
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laid silts, and are probably different from the loess proper.
Mr. Leverett traced the morainic hills of the Wisconsin drift
into the northeast corner of Lyon county, and it seems prob-
able that other changes in the mapping of the drift sheets of
that region will be necessary.

In Carroll county one of the interesting results of the sea-
son’s work has been the demonstration that much of the
extra-morainic drift, heretofore believed to be young and
provisionally correlated with the Iowan, belongs to an anom-
alous phase of the Kansan. What may be the correct age of
the extra-morainic drift north and west of Carroll county
can not yet be stated. A full report on the geology of Car-
roll county has been prepared, and is submitted herewith.

In Dubuque county my attention has been devoted mainly
to a study of the economic features of the district. The
excellent building and limestones of the region were studied,
and the specimens collected for analyses are now in the hands
of the chemist. The clays of Dubuque county have not here-
tofore received the attention which they deserve, and it is
hoped that their development may be stimulated. A series
of tests was carried on to determine the temperatures at
which the brick now made were being burned. The major
attention was necessarily devoted to a study of the lead and
zinc mines, and a large scale map is now being prepared,
showing the location of the various crevices and openings.
In this work the Survey has had the aid of Mr. W. H. Guil-
ford, whose long acquaintance with the region as a surveyor
makes his assistance particularly valuable. The various
miners and mine owners have also done all in their power to
aid in the work.

While it is too soon to present conclusions, it may be stated
that the outlook for the field seems very good. The area is
limited and the operations are small, but several of the mines
are yielding nicely, and there is a large amount of ore in
sight. There are also considerable tracts of country wholly
unexplored. It is believed that the future production of the
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region, particularly in zine, will be large, and that the general
impression that the region is worked out is wrong. Some
facts which are believed to have an important bearing upon
the genesis of the ores have been observed.

In June, a favorable opportunity occurring, a few days
were spent in Joplin, Mo., studing the zinc mines of that
region, and in December a similar visit was made to the lead
region of southeastern Missouri to study the desseminated ores
of that region. Points in Wisconsin have also been visited.
The larger and often older mines of these regions show many
facts which cannot be so readily observed at Dubuque, and
many suggestions as to ore treatment were also obtained. A
full report upon the subject is now being prepared. What
the Dubuque mines need most at present is more buyers and a
larger share in the rise in the price of zinc ores which has
been so marked a feature of the year’s markets. The prices
paid for-ore in the Dubuque region have not been such as
would stimulate development. The result has been small,
poorly developed mines and an uncertain supply of ore which
has discouraged buyers and still further depressed the price.
In the main the isolated position of the mines and the poor
milling of the ores have been the reason of the low price.
Recent developments have shown that considerable bodies of
ore are present, and with proper organization of the industry
the mines should receive considerable attention.

The usual routine work of the office has been carried on
throughout the year. Specimens sent in from various parts
of the state have been examined, investors have been advised,
the preparalion of manuscript, maps and illustrations has
been supervised, ete. With the assistance of Doctor Beyer a
dark room has been prepared, and hereafter the photographic
work will not need to be sent out.

Respectfully yours,
. H. F. Ban,
To Pror. SAMURL CALVIN, Assistant State Geologist.
State Ceologist. :
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Towa GEOLOGICAL SURVEY, |
Dgs MoiNus, December 30, 1398. |

Str—1 have the honor to submit to you the following report
of work done by me during the year ending December 3lst.

Tt was my good fortune to represent the Survey at the
International congress which convened at St. Petersburg late
in August, 1897. After traveling several thousand miles in
Russia, and visiting many of the classic localities in that
country, I spent some time at Freiberg, Munchen and Berlin,
and returned to the United States late in IPebruary of the
present year. '

During March, April and May, 1 put in as much time as T
could spare from my college duties in pushing forward my
field work in Story county, and made two, more extended trips.
The first, in company with Mr. Bain, to investigate the
“Marble Beds” reported to have been discovered between Towa
Falls and Alden, on the Towa river. The second was made in
company with yourself, Mr. Frank Leverett of the United
States Geological Survey, Professors Chamberlain and Salis-
bury of the University of Chicago, and Messrs. Udden and
Bain of this Survey; the object being to study the drift of
Tllinoian ice sheet as exhibited in the vicinity of Peoria in
Tllinois, and, if possible, to get some light in dealing with the
multiplicity of ice sheets in “owa.

The greater part of June and July was spent in the field in
Hardin and the couuntirs immediately adjoining. Tt was found

28
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that the Wisconsin drift extends much further east than was
formerly supposed. Kldora hill marks the extreme advance
in this direction and the North Fork of the Iowa river was
born at the time the ice invaded this region. The marble
quarries previously mentioned were examined more in detail
and the results are somewhat disappointing. It was hoped
that a further development of the quarries would show
thicker ledges. But this is not the case. It is obvious that
the power that caused the shattering of the beds was also the
potent influence in effecting their marmorosis. The one
varies directly as the other. While the marble takes an excel-
lent polish and possesses a pleasing color and texture, the
thinness and interrupted character of the beds precludes a
more than local importance for them.

The ‘‘Honestone’” and ‘ Whetstone” quarries were also
investigated and found of little significance save in showing
detached basins of the coal measures.

Short field trips were made from August to November,
inclusive, and the field work in Story county completed.
Important deposits of loess were recognized in the west-
central portion of the county. ™They afford an abundance of
first-class material for pressed brick.

At the end of the field season, about December 1st, my
headquarters were transferred to Des Moines, where my time
has been employed in writing up Story county and relieving
Mr. Bain of a portion of the routine work of the office.

Very respectfully yours,
SanvukL W. BEYER.
To PRoOF. SAMUEL CALVIN,
State (eologist.






MINERAL PRODUCTION OF IOWA

IN 1898.

BY SAMUEL W. BEYER.

31






VALUE OF MINERAL PRODUCTION.

COAL. ..... L TN PO e e e $5,123,187
[ 9 PO 2,057,022
ST N E L 1ttt ettt e e e e e e e 563,586
LEAD AND ZINC. oottt it e e e 43,784

TOTAL VALUE . ittt et i it e e e et et $7,7817,579
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MINERAL PRODUCTION OF IOWA IN 1898
BY S. W. BEYER.

The kindly reception accorded the mineral statistics of
Towa for 1897 lead the Iowa Geological Survey to undertake
their collection for 1598, It was the extreme good fortune of
this department to secure the co-operation of the division of
mineral statistics of the ['nited States Geological Survey.
All blanks, with return envelopes, were sent from Washington,
and duplicates of all returns were forwarded promptly to the
local office, thus saving the State a large amount of routine
work, and the operators the annoyance of a confusing multi-
plicity of requests from two offices. The state organization
assumed the responsibility of looking up the delinquents.

The very prompt and hearty co-operation shown by the
producers deserves, and has, the fullest thanks of the Survey.
They have, with almost no important exceptions, responded
promptly and willingly. Many have asked for copies of the
report when completed, thus expressing their appreciation of
the work. Not a single important coal operator has failed to
report, and it is believed that the coal output is correct
within 3 per cent. The same is essentially true for clay and
stone. One estimate is included with the totals for clay,
but this plant was visited by the writer and the figures sub-
mitted are believed to be reliable.

The figures for the production of gypsum could not be
obtained. The output for 1596 was $34,020. The steady
improvement of trade conditions and great increase in build-
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o7

ing during the past two years has, probably more than doubled

the output.

The inereased production of lead and zine, stimulated by
the recent advance in the prices of those metals. is most

gratifying.

Total Production.

Eighty-nine counties and nearly seven hundred produccrs
were engaged in developing the mineral resources of the

state in 1898.

The value of the total mineral production in 1893 was

o =

$7,787,579; distributed as follows:

VALUE.

Coal ,.o.ocvvniv oo $ 5,123,187
Clay ...oovvviiii 2,057,022
Stone . ... 563,586
Tead and zinc. .. ...... ... ... .. .. 43,784
Total ... .. .. ..o i L ¥ 7,781,579

NO. O PRO-
DUCERS,
188
349
161
10

708

According to the United States Geological Survey the out-

put of the above products for 1897 were:

Lead and zine®. . .. . e

..................................... $ 7,541,950

5,219,503

1,821,247

495,343

5,866

The production is shown by counties in Table I.

*Llowa Geological Survey.
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TABLE I

Total Value of Mineral Production by Counties.

|
-
: 4 g | 9
COUNTIES, K g l § =
B 5] | @ =
— — — o] —
g g 2 7 Z
3] & 5 | = 3]
Adair ..o oo # D220 e e mervessle. e % 2,220
Adams ..o oo 6,70013  I8,108|............... 24,808
Allamakee ......... ... .. ... o el B vl 160, ..... 160
APpanoose ... ... 14,725] 726,932 S 741,741
Audubon® ... ..ol RPN USSP (e N T
Benton ... ... 14,040 ... ....... 3,556, ... ... 17,596
Black Hawk...................... 16,142) ... .. ... 3,980 ..... 20,122
Boone ... ... ... 26,620 473,342|....... |....... 499,962
Bremer.............. oo i Eol8 o nains| dcis som . 1,396
Buchanan.......... ... ... ... ...... L 988l viaisasss 118, . ... 2,106
Buena Vista.. ...................... B 800w e s as | sariszanfe. . . 6,500
Calhoun ...... ... ... ............ F988 D ampnansm | i ee s aln. ik 5,933
Carvoll ... 9,100(........ sulGis s fur. . e 9,100
L B BT TR BN E R | 11,800
COAAT . oo e 6,200(.......... 113,502 ... .. .. 119,712
Cerro Gordo™ ... v o e e
Cherokee ........... ... ... ... ... 10,560 ... .ol 10,560
Clarke® ... o e e
L R D O
Clayton ... ... 8393 . wu s 1,820 ... ... | 13,211
Clinton. .. ..o i 20,790) i i v n e 1,628... ... 22,418
Crawford. ...... ... .. ... .. ...... B | P kes. . ... 12,500
Dallas ...ooooi i i 28,703 13,002f ... .00 feiinnan 41,755
Davia® couvug. . . ..o o e A 311 I Fivia st 490
Decalur...........coiveirninrnnn., 6,700).......... 2Bl L. .. 9,975
Delaware .. .............. .. ..., 5 b {1 o) ISP S <o 6,175
Dea Moines................. ... 26,912 .. ..., 12135 ....... 39,047
DubUQUE. .o eeee e 35,110 ... ......| 23183 843,784 102,077
L, Y Tl W v | S————
BUOea®. . . e - - - o]
Franklin....... ...l B8l i | i dn o Lisrunns 1,656
Fremont . .......... . ... . ciiiun.. .. D] vesaims sl s st 10,075
Greene® .. ... L e e ) T 21,318
Grandy ..o e il 300)....... 5,850
Guthrie........... .. oo oo 3. 00 8020 s an i L. 59,059
Hamilton............. ... . ... ..... BO0Y s s wimlens saimminlt oo es 59,800
Hardin . ... ..o oot 3,871 T,4000. . ..., 24,275
Harrison..............ccovevevnod]l 14,285, o h vii]eiivnenalerenne. 11,285
HEenrey ..o e cnaes 6,400,...... 23,975
Howard ..o i 718....... 8,348
Humboldt™. ... e e e e
s e | [ PSS omusyueN | RO [P
o < e Ty | 21,5114, ] CHR] (O | PO 38,800
Jackson .. ... .. 4,950(..........| 64,030....... 68,980
JASPED e 22,700/  219,481]........ s ... 242,181
Jefferson......... ... . ool 11,832 1,386)  1,000. ..... 14,218
Johnson ............ o e 16.880. ... ... .. 3,188 20,618
i 8,708 00 v viass 95,3590 . ... .. 105,158
KEOKNK oo e e a1,910" 265,886 3268l ... | 291,059

“~lpgle produgers of certaln articles,
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TABLE I—CONTINUED,
@
. @ )
= - =} 1
COUNTIES, = a 2 g
o | S @ =
— ot — @ -
kit 32 8 @ 3
o = o e IS}
IS H H 0 H
Kossuth* .. ... ..... . ..o B e P ety | [T PR DO
0= 20,425 28,724 49,149
TADD . 32,359 ... 18,560|..... .. 20,919
Loulsa ...oovir i ey 7,100 ... ... .. 1,626)....... 8,726
T PP 2,000 12,000(.. ... .| .... .. 14,000
Madison.. ... oo i 3,850(..........| 11,647)....... 15,497
Mahaska. ..ooviviiiiiiiiiiiann 56,580| 1,304,727 503....... 1,361,810
Marion . ..oovverireevrarneinn on.. 16275 113,329) 2,48L1....... 132,085
Marshall, ... 31,355|. e iuinn 51,393 ....... 82,748
Mills ..... e85 . - .. oo -« - o (SRS ] F 8 785
Mitehell couuvn i oo N . 3,268[....... 3,268
Monona*.. .. ... ] R R CLRr T i
MONTOE - .\ evreeeiaeani i o 1,476) 594,980 130|-...... 596,586
Montgomery ......oooviiiite e, 27,397 .. ...... 1,830|....... [ 29,227
Muscatine ... i 25,811 e P 25,811
PAGE. ..ot 21,2200 14.333)..... ... ..., 35,553
Plymouth* . ... ... . v ST R A e T s
Pocahontas®........................
POlK e eet i e 347,257 7187,940........0...... 1,185,197
Pottawattamie ..................... 52,8317 N A 52,831
Poweshiek .. ............. ... .... 9,915).... . e 9,915
Ringgold..........oooiiii i 8,380L.... .. .. .| ¢ cin - o frwsrsnan 8,350
Sac* . ... sswvemamee covaenen e cmsie oo s - eplesnias |
SCObE .o ve v 43,456, ........ 31,1310....... 74,587
Shelby¥. . .. .o.iivir ciiieereennenii]iinecn]ioneiini v e it
SioUux. ... 18000 ... ..... o ... Slde.siss 1,800
117703 16,220]  11,554] 1,125|....... 28,899
Tama . ..o iiiane e 41,195|... e 350[....... 41,645
Taylor.... .ot 10,600, 12,485].. P . 23,085
Union ..o.ovv i i 8,050{.......... S PO 8,050
Van Buren.........covvvviuiienn .. 8.800 9,610  9,541]....... 27,951
Wapello........oooeet i 55,221  258,561| 16,150|....... 329,932
WarPEN .. v e et e 1,225 11,070] s . - - . dpsosanis 12,295
Washington ... ..oooveeer vnnn... 21,672).... . ... 6,405 2807
Wayne .o e 7,505 68,633 et 76,138
Webster ... ..o 78,158] 180,750| 3,487|...... 262,395
Winnebago.....ovoveniiiii it 2B e e e 2,874
Winneshiek .............. ..ol 5,100 .......... 630|....... 5,730
Woodbury ........oviiiie i 12,200 .ot ]ovee e 128,200
Wright ... 8618 e e 8,618
Single producers............ ...... 97,981 .......... 97,981
Burnt clay ballast and unspecified..| 221,7 12' ......................... 221,712
TObAL s a3 wori s prnn s wae s 82,057,022 $5,123,187'8563,586 $43, 784 87,787,579

*Single producers of certain articles.

COAL.

The output of coal for 1898 shows a slight falling off as
compared with the production for 1897, both in tonnage and
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in cash value. The open winter of 1397 and 1893, greatly
affected the local demand and the opening of new fields in the
southwest deprived Lowa of a portion of her railway clientage
in that quarter. While the average price per ton ruled
slightly higher, the total shrinkage in production was almost
a hundred thousand tons. Of the great coal producing counties,
Appanoose, Jasper, Keokuk, Mahaska, Marion and Webster,
show a decrease, while Boone, Monroe, PPolk and Wapello
show a handsome increase. Of the total output 11 per cent
was sold locally or consumed at the mine while 89 per cent
was loaded on the cars and shipped to various points in and
out of the state, chiefly to the west and south of the produec-
ing areas. Table II gives the total tonnage, average value,
total value, number of mines producing,average numberof days

worked and number of men employed, arranged by counties.
TABLE II
Coal Output by Counties.

| . ;

" x =] 1]

ﬁ =] S 3] 2]

2 ‘ 3 % 2

OUNTIBS. 2 8 58 &

COUNTIES : g i S,": g

O b @ o 2 S @

| agaf o 92 = 3 =

| e o = o > ]

| = i = & o< | =
AABIS. .ot 11 9,822 |8 184 [$ 18,108 | 169 3
APPANOOSE . . o vt vet ettt 41 605,165 119 | 726,932 | 175 | 2,008
Boone . ................. [ id 331,543 1.43 473,342 | 209 | 1,110
Dallas .......... ... . .ieui... 3 8,859 1.46 13,002 | 224 36
Davis......... ... 1 391 1.25 490 | 130 3
GPEEDE ., .ttt it ie e 5 12,920 1.65 21,318 | 194 H4
Guthrie.. . ... 2 1,510 | 2.00 3,020 | 120 7
JASPOT . o 6] 151,816 | 1.45 | 219,481 @ 238 267
Jefferson.............ciiiiiiiain 2 1,025 1.35 1.386 | 120 | - 7
Keokuk......... i, | 1 251,145 1.06 265,886 | 186 558
LCaS. vt ettt v e iaiatns 1 6,600 | 182 12,000 | 200 22
Mabaska., ... |17 11,202,787 | 1.01 | 1,304,727 | 229 | 2,239
Marion............ ... ciiil Lol 14 127.293 -1t 113,329 | 217 487
Y 5308 o 1= S T 584,578 | 102 594,980 | 224 | 1,04dv
P e e 2 6,370 | 2.25 14,333 | 200 =3
Polk.......o i 15 635,606 1.22 787,940 | 219 | 1,340
SbOTY .o e 1 7,885 1.46 11,564 | 1RO |. 31
Taylor. . .oooee i 2 6,505 | 1.91 12,485 | 193 27
Van Buren ....................... 2 6,605 | 1.45 9,610 | 258 14
Wapello................. ... 10 252,484 1.02 258,561 | 212 478
A"\ =] s W 5 7,514 1.47 11,070 78 48
WERBYHCG v et it 1 51,550 1.33 68,633 | 164 253
Webster. ... ... i 13 137,787 1.31 180,750 | 212 379
TOLAl oottt | 188 | 4,500,810 |8 1.14 |$5,123,187 | 218 110,514
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In the above table no attempt was made to keep separately
the various sizes of coal put upon the market. Nutand slack
are included and would ténd to make the price per ton lower
than for lump coal alone. This would not affect the
results for the Centerville district, for the very persistent
parting which is everywhere present in the principal vein
worked, is mined with the coal, passes through the screen
and renders the slack unmarketable.

Table IIT compares the output for 1898 with the most reli-
able figures for the preceding six years:

TABLIS III.
| @
YEAKS. SHORT = VALUE. AUTHORITY.
TONS. £
1892, ... ... 3,918,491 (81,32 | $5,175.060 | United States Geological Survey.
1893........ s 3,972,229 | 1.30 | 5,110,460 | United States Geological Survey.
1894, . ... L 3,967,253 | 1.2G | 4,999,939 | United States (Geological Survey.
1895, .. ....... 4,156,074 | 1.20 | 4,982,102 | United States Geological Survey.
189G, ...... ..... 3,954,028 | 1.17 | 4,628,022 | Uni ed States Geological Survey.
IROT. .o 4,611,865 | 1.13 | 5,219,503 | United States Geological Survey.
1898, . ... 4,500,810 | 1.14 | 5,123,187 | Towa Survey.

The number of men employed in the mines of [owa for 1898
shows a falling off of nearly 200, while the average number
of days worked was greater than for any year since 1892.
The number of men employed and the average number of days
worked during the past six years, according to the best in-
formation available, was as follows:

e 5
3 L
&5 | B9
YEAR. 8o 52
25 o=
) g3
b @ S
< “
180 . 204 | 8,863
1804 L 170 | 9,995
T 189 10,066
1896 .. . o s | e
180T e ‘ 201 10,703
B

218 | 10,514
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According to the United States Geological Survey Towa, in
1897, ranked sixth in bituminous coal tonnage, and fifth
according to the market value of the product, and first in
both tonnage and value of the states west of the Mississippi.
The production of the ten leading states was as follows:

STATE. TONS. VALUE.

1. Penpsylvania ......... .. ... . ... ... .o 54,097,801 | 837,636 347
20 IHnois.. ..o o 20,072,758 | 14,472,529
3. West Virginla .. ... i 14 246.159 8,987,393
4. Ohlo ... e 12,196,942 9,535,409
5. Alabama. ... e 5,593,770 5,192,085
6. LOWa .. e 4,611,865 5,219,503
T. Maryland ... 4,442,128 3,363,996
8 TIndiana........................... B 4,151,169 3,472,348
O, Kentueky ..o oo e 3,602,097 2,828,326
10. Colorado...... ... ... i 3.361,708 | 3,947,186

Clay.

The value of the clay products marketed during 1893,
exceeded that of 1897 by nearly a quarter of a million dollars,
and was the greatest since 1894, There was a sharp falling
off in the output and sale of paving brick and draintile, but a
marked increase in common brick. The greatest gain, how-
ever, was in the production of a burnt clay, which has guined
great favor in the southern half of the state as a ballast.
More than 5200,000 worth of burnt clay, alone, was sold during
the past year.

In 1896, nearly 35 per cent of the firms reporting were idle,
in 1897 slightly more than 20 per cent, while in 1893 the per-
centage of firms not in operation was still less.

Of the great clay producing centers, Polk county alone
shows a falling off, and that scarcely more than 3 per cent.
The chief gain comes, however, from the large number of
small firms which have been revived or brought into existence
by the betterment of general trade conditions, especially in
the building trade.

Fancy work and pottery show a slight decrease and it seems

improbable that Iowa will ever become a dangerous competitor
4 G Rep
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of the eastern Mississippi valley states in that line, unless
new deposits of clay are discovered or new methods of work-
ing introduced.

The returns show 349 plants in active operation, a gain of
19 over 1897, and give the total value of brick produced at
51,415,165, and of all clay produets, 52,057,022, showing a gain
of 333,405 and =238,13%, respzctively. These amounts were
distributed as follows:

5 <3
c | g3
@ ] .
z ® 3 ot
I3 A -
Common brick.. ... ... ... i 181,331 | 5 90 | & 1,009,947
Pressed brick.. ... oo 6,722 | 814 54,752
Vitrified beick. ..o o o 35,357 | 824 290,463
Faocy brick. ... oo (——— 093
Bire brick. . ... oo e e 5,025
Draintile.. ... e e e 343,265
SeWer PIPC ..o e e o T 33,000
= N T 14 N 350
Fire proofing. ... e e 2,161
Floor tile, ete. . o o e lovevennn AT 429
Burnt clay..... ... oo o e 203,639
e 2 P ! 34,425
Hollow brick,ete. ... S e 18,073
TOCAL. .. oo e I % 2,057,022

According tothe United States Geological Survey, the totals
for 1895 to 1807, were as follows:

!
1805, | 1896. 1897,

Common brick................o0 oo 31,005,074 | $1,003,624 | & 850,834
Pressed brick.. ... ... i 87,130 47,386 57,230
Viteified brick ............. i 243,928 | 112,985 426,056
Fancy and ornamental brick...... ... ... .. ... 2,300 ...l 2,800
FALe DITCK.  ovvvsoreeee e 5,020 | 5198 8,700
Draintile.. ... oo 290,5 5 225,650 372,070
SeWer PIPE...vvrii e P 55, 31 73,039 44,300
Ornamental terra cobta. .... ... enn ... 2,800 800 500
Fire proofing. ... 400 7,685 7,540
Tile—notdrain.......... ... ... ... L 16,004 2,000 6,700
Pottery. ..o 25,600 42,710 38,641
Unclassified.........ooviiiiiinnnen.n. 45,400 173,000 5,501

Total. oo 31,870,202 | 81,694,402 | $1,821,247

Works in active opération reporting: 1896, 339; 1897, 330.
The production by counties is given in Table IV. Counties
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in which but one plant is reported as active in 1898, are men-
tioned in their proper order, but their production is not given

separately.
TABLE IV.
Clay Production by Counties.
é THOUSANDS. VALUE.
2 ; -
o Ad A .
. ° g g =
COUNTY. $ g 8 & B 8 P B =
55, & | % 85 5 2
z | O | H ) B [
Adair......... ... ... 2 370 310 ¢ 2,220 '8 2,220 '8 2,220
Adams................. 3 1,200 1,200 6,200 6.200 6,700
Appanoose ..... ...... 3 1,850 2,750 8,425 15,725 15,725
Audubon .............. 3 e I O ! (I
Benton ........c....... 6 1,155 1,655 6,930 10,430 14,040
Black Hawk........... 3 2432 2432 14.992 14,992 16,142
Boone........ocovvnn... 10 1,615 2,465 9,600 15 600 26,620
Bremer ..,.. ... ...... 2 240 240 1596 1,596 1,596
Buchanan.............. 2 325 325 1,98% 1,988 1,488
Buensa Vista........... 2 300 300 2,200 2,200 6,800
Calhoun ............... 3 55 55 405 405 5,933
Cass ... v 3 1,700 . 1,700 11,800 11,800 11,800
Carroll .......... ..... 3| 1,400 | 1,400 9,100 9,100 9,100
Cedar ................. 2 487 487 3,310 3,310 6,210
Cerro Gordo........... 1 P P P O
Cherokee.............. 2 1,800 1,800 10,400 10,400 10,560
Clarke .......... ...... ) I S I
Clay ..ol ) S Y O T
Clayton................ 4 1,400 1,400 7,550 7,550 8,391
Clinton................ 4 3,795 3,145 16,740 16,740 20,790
Crawford .............. 4 1,400 1,900 12,500 12,500 12,500
Dallas.................. 9| 1,912 | 2,086 11,351 13,189 28,703
Davis.........oooonuu 1 R
Decatur ............... 3 1,000 1,025 6,100 6,400 6,700
Delaware.............. 3 &00 875 4,450 4.915 6,175
Des Moines......... .. 6 900 2.485 4,900 18,612 26,912
Dubuque............... 7 7,045 7,045 35,110 35,110 35,110
Fayette................ O A (P
Floyd ....... ..ottt s R [ P P
Frapklin ....... ...... 2 254 254 1,522 1,522 1,656
Fremont............... 5 1,870 1,870 10,075 10,075 10,075
Greene ................ 1 L L R
Grundy................ 3 625 625 3,750 3,750 5,650
Guthrie................ 6 2,740 3,240 17.038 20,538 56,039
Hamilton.............. 2 5,200 5,200 31,200 31,200 59,800
Hardin................ 3 280 280 1,800 1,800 16,875
Harrison......c...o..... 6 1,830 1,830 10,785 10,785 11,285
Henry.. ... ............ 5 825 825 4,775 4,775 117,575
Howard................ 2 750 1,055 4,000 6,775 7,515
Humboldt ............. S S e
Ida....cooveeeiiiann., I S e I I PP
Towa.......coiveiiinnn. 6 3,700 3,740 21,200 21,200 38,600
Jackson ... ...l 2 515 575 3,450 3,450 | 4,950
Jasper.......c.ovii... 7 3,500 3,500 19,850 19,850 22,700
Jefferson ,............. 2 580 580 4,740 4,740 11,832
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TABLE IV—CONTINUED

) THOUSANDS. VALUE.
a — -
o~ Ad 2q .
o . =} o -
COUNTY. o & 2 ‘ = =% o <
52 84 2 | B2 | 2| :
= = e <
5=| £5 S g2 3 3
Z @] &= &) = ‘ I3
Johnson ............... 3 2,180 | 2,190 |8 10,900 |8 10,980 |$ 16,880
Jomes............ ... 4 605 680 3,847 4,447 9,799
Keokuk ............... 8 1,955 1,955 12,230 12,230 21,910
Kossuth ............... | et A PR FO
Tee oveviniiinn e 6 3,310 3,410 19,525 20,425
Lion.......oooiol 11 5,029 5,069 27,2817 21,607 | , 3¢
Louisa ........ ........ | 3 825 25 5,100 5,100 ’ 7,100
Lucas.................. 2 340 | 340 2,000 2,000 | 2,000
Madison ...............| 3 625 | 625 3,850 3,850 3,830
Mahaska .............. 5 2,070 | 6,070 13,230 51,230 56,580
Marion ................ 2 440 930 6,050 | 6,125 16,214
Marshall............... 6 2,635 | 3,535 16,145 23,645 31,355
AMills ..ol 6 1,324 1,324 8,785 8,785 8,755
Monona ............... 1 sl o o e o
Monroe.. ............. 3 256 286
Montgomery . .......... 3 3,604 5,719
Museatine ............. | 10 3,050 3,089 |
Page .................. . b 3,370 3,370
Pocuhontas ............ L ity g - - meiE
Plymouth.............. 12 L s wmgpeealfls - o ket
Polk .................. 20 | 24,087 21,621 147,116 288,857 347,257
Pottawattamie......... 9 | 7,890 8,590 48,837 | 52,837 52,837
Poweshick ............ 3 820 120 5,240 S240 | 0wls
Ringgold .............. 6 1050 | 1,250 7,150 8350 & 450
SaC e e e | | iz aateniie | 3 i S0 E s b a B g P o, B b S b s mtg £ A
Seott ... | T 3,610 5,203 21,270 39,996 43,456
Shelby... ...l T e g [ miesswnls s o sy crsasesn A i sniia
Sloux .. ...ov il 2 270 | 210 | 1.800 1,800 1,800
Story ..o 5 1,090 1,140 7,920 8,320 16,220
Tama.........co0.ou. 8 4,417 43 25,037 32,995 41,195
Taylor................. 5 1,540 1,590 10,600 10,600 10,600
Union ................. 2 1,180 1,180 7,360 1,360 8,050
Van Buren ............ 4 900 900 5,400 2,400 | N, 500
Wapello............... L4499 | 1,675 | 28,764 55,221 55,221
Warren ............... ., ] WP X B0 osamins sen. 300 1,225
Washington ........... 6 2,728 2728 15,254 15,254 21,672
Wayne ........ocou.... 3 1,181 1,181 7,505 7,605 7,505
Webster............... 81 7,683 8,404 10,534 50,095 78,158
Winnebago............ 2 410 412 2,700 2,724 2,874
Winneshiek ........... 2 850 850 5,100 5,100 | 5,100
Woodbury............. T ‘ 21,976 | 22,783 121,709 | 128,181 128,200
Wright................ 3 280 | 280 1,855 1,855 8,618
Single producers....... | 16 6,883 7,412 42,417 46,180 07,981
Burnt clay ballast. ....| 4 ......... TP O 203,639
Estimates. No. 2,455.. . 1 100 109 700 700 ‘ 6,700
Tt H— - e |
Total ............ 349 | 181,33 223,410 1 $1,060,947 | $1,415.165 | $2,057,022
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The average prices ruled higher for all kinds of brick than
since 1895 for common and 1894 for pavers. The total brick
produced in thousands, their total values and their average
selling price per thousand, are given in Table V.

TABLE V.
\ AVERAGE.
THOUSANDS, VALDES. PRICE SRR AL
YEAR. o o
CoMMON. [PREES'D.| LTRL | 0oMMON. |PRESS'D.| TATRI- : & =
. ‘| FIED. N : =¥ FIED. g @ [
[s} ) =
o a 5
2 bl s 45,488 vevenaoooo| 3376951 (3633 |...... | 88.20
11.159 31,704 8 87.130 243,928 8.06 | $7.81 T 6h
6088 47,386 | 112,985 | 5.88 | 7.78 | 7 8a
7.823 56,315 57.230 426,056 5.58 7.31 7 36
7.222 45,357 57,252 290,463 5.90 8.14 8.24

In 1897 Towa ranked ninth in the total value of its clay
goods, and third in the value of its paving brick. In 1896 it
stood ninth and seventh in the value of total clay products
and paving brick respectively. Table VI gives the ten lead-
ing clay producing states for 1397 according to rank, and is
taken from the reports of the United States Geological
Survey.

TABLE VI,
Total Clay 1897,

E O a3
g4 223
. STATE, = g% VALUE. | Q20om
| S Ha TR0
a ~ O Lo R
& o A D0~
s Z ol
_—Y  — —
L. ORI, . e 242 | % 10,617,084 17.43
2. Pennsylvania............ ... ... .o I 435 7,874,695 12.93
3. | NewYork ..o 231 5,615,504 |  9.22
o | THHROIS oo 570 5,398,574 8.86
5. | New Jersey.....o.oviuiiiiiiiiiiinininnnons 115 5,322,447 8.74
G, !Todiana. .. ... e | 580 2,812,309 4.62
T MISSOUrL .. e 202 2,396,523 3.93
R | Massachusetts. . ... i 109 2,179,396 3.58
0. Towa...o.coiiii i, g 330 1,821,247 2.99
10. | Connecticut and Rhode Island................. 48 1,336,670 2.19
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The ten leading states in the produection of paving brick for
1897 are listed below: -

TABLE VIL
Paving Brick in 1897.

w ‘ =]
3 54
a 2=
=] @n
STATES. 3 3 02
3 2 &85
=] g 2
= > &
—_— — —_—mm —_— N —-—‘_
THHDOIS « v v vvee e e e e e e e e e e I 87,160 | $719,371 | $8.25
Ohio.eoei e e 85,665 | 997,005 | 6.98
Towa... oo ) 56,315 | 426,056 | 7.57
Pennsylvania........ e e 41,620 | 336,413 | 8.08
New YOorK. . ..o e e e | 28,145 309,564 | 11.00
West Virginia........... o oo 38,271 289,886 7.57
B - T T 21,239 | 266,638 | 9.78
MISSOUTL Lot e 19,620 | 182,625 | 9.31
T AMSAS o ottt ettt e e e e 17,463 ]27_.600 7.31

Stone.

The stone trade for 1898 was indeed encouraging. The
producers reported almost without exception the demand for
stone to run from 10 to 20 and even in a few instances, 50 per
cent better than 1897. The demand for lime shows very little
improvement over the preceding year. The stone quarried
includes limestone, dolomite and a small quantity of sandstone.
Most of the quarries are small and improved machinery is to
be found in but few. Returns have been received from 161
producers and show that a total of 5563,536 worth of quarry
products were marketed during the year. The production
was distributed as follows:

Limestone-— building and road making.............. $ 447,424
LIne . o e e 109,600
SandStone. . ...t e 6,562

TOBAL. v e et $ 563,580

The production by counties is given in table VIII.

In 1898 the state ranked nineteenth among the stone pro-
ducers and ninth in the value of its limestone.



MINERAL PRODUCTION OF IOWA IN 1898. 47

TABLLE VIIIL

Value of Stone Produced in Towa for 1898.

3 . o9 )
et —= n
£2 . £ | 8
25 o 23 2
COUNTIES. Sﬁg ,g P 8 3 .
o4 o 3] 3 s =
o2 EE g g
Z a & = | = =
1 Allamakee............. S PREERp| W [Rene— | ) S S
2. Appanoose............. 3 ‘ wf
3. Benton................ 4 3,506
4. Black Hawk........... 9 3,080
5. Buchanan.............. 2 118
6. Cedar.................. 3 113,502
7. Cerro Gordo...... N 4 5,166
8. Clarke................. 3 2,398
9. Clayton ......... ..... 8 4,820
10. Clinton..........o.oonvus. 5 1,628
1l. Decatur............... 10 3,215
12. Des Moines............ 8 12,135
13. Dubuque..... ......... 8 24,183
14, Fayette................ 4 14,574
15, FIOYd. .o, 4 1,543
16, Grumdy................ o ] e o TTreTl TR L, AP S S
17. Hardin ......... e 2 7,400
18. Henry ..... ....... 2 6,400
19. Howard............... 2 773
20. Humboldt.............. 2 2,340
21. Jackson ............... 5 114,030
22, Jefferson............... O O] A T .
23. Jomes................. 1 91,393 3,066 |, 05,359
24, Johnson ............... 5 1,947 1,491 300 ... 3,738
25. Keokuk...ooeerroninn.. 19 3162 | WL o o 3263
26. Lee..oouuiiiii 7 13,204 14,430 1,000 ...... 28,724
21, Linm........ ... ... 5 2 840 8,720 7,000 |...... 18,560
28 Louisa................. 3 80 B26 |.......... .0 ue. 1,626
20, Madison ......ooviiins 7 6,471 116 | 11,647
30, Mahaska............... 2 S03 | e e 5303
31 Marion ... ........... 4 2,230 251 [l . 2,481
32. Marshall .............. 1 Ty [APROPR PR DA
33 Mitchell............... 4 845 260 1.850 | 313 3,268
34, Montgomery........... 3 1130 | 600 100 |...... 1,830
35. Monroe................ Y| IS - ey F ! P
36. SCObbe. .. vevnren... 8 9,591 | 21,365 175 31,131
BT Story. ..o 4 1,100 25 Joe e 1,125
IR, Tama. oo ovee i 2 270 RO ..o k... 5 350
39. Van Buren............ 5 2,091 3,650 800 |...... 9,541
40. Wapello............... 4 11,800 4,100 250 |.... .. 16,150
41, Washington .......... 4 6,080 325 | 6,405
42, Webster. .............. 1 S ! PR
43. Winneshiek............ U (R I [ | T
Single producers....... 1 25,169 31,771 160 |...... 57,100
Total................ 161 %319 566 | $133,807 ' $ 109,600 613 © 8 53,586

The.value of the stone produced in Iowa during the five
years preceding 1898, according to the United States Geo-
logical Survey, was as follows:
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P $ 563,374
L 673,269
L 468,820
1808 462,128
B O 495 343

The decline in sandstone is more fanciful thanreal and was
largely due to an erroneous classification. The Mason City
and Towa [falls dolomites were listed as sandstones in former
reports.

Lead and Zinc.

The year 18938 was marked by more lead mining in Towa than
for some time past. The Halpin mine was a large producer,
yielding nearly a million pounds of ore. Aside from this a
considerable amount was taken out of the Kane Bros. mine
and smaller sales were made from other diggings. In all
1,856,427 pounds of ore were sold for S537,123.514. The
Allamakee and Clayton county mines were not producing in
1803 and all of the ore came from the Dubuque region. It was
all reduced by the Watters Smelter, at which plant a certain
amount of Tllinois and Wisconsin ore were also run. There
were no big ore discoveries during the year though a number
of small bodies were located, and early in 1899 several promis-
ing prospects were being explored.

The zinc¢ mines were not active in the early part of the
season.  Small amounts of the carbonate, or bone. were taken
out at Buena Vista, Durango and Dubuque. TLate in the sum-
mer some of the larger Dubuque mines which had lain idle for
some years were opened up, and as prices advanced during the
winter, mining became quite active. 1In all about 750 tons of
the carbonate ore were sold at priees running from S5 to S9
per ton. The total value was 55,005.47. The year was marked
by the first shipments of the sulphide, jack, made from this
region in recent years. The ore was sold by the Alpine
Mining Co., and brought from 513 to 522 per ton. The total
shipments were 76.5 tons, which brought $1,550.40. Recapitu-
lating, the output of the district was as follows:

Lead, 1,856,427 pounds. ... oot 3 37,128 54
Zinc carbonate, 750 008, . ... ..o 5,005.47
Zinc sulphide, 76 tons. . .......... il 1,550.40

TOAL. + oo e e e 8 43,784.41
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EARLY GEOLOGICAL WORK. 5%

INTRODUCTION.

LOCATION AND ARIEA.

Carroll county is located in the western portion of the
state, Crawford and Monona counties being between it and
the Missouri river. It contains the usual sixteen townships,
576 square miles, and is rectangular in form. Sac and Cal-
houn counties border it on the north, Greene county lies to
the east and Audubon and Guthrie are its neighbors on the
south. It includes a portion of the high upland region which
divides the waters of the Mississippi from the Missouri. The
Altamont moraine crosses it from northwest to southeast just
east of the divide. The older, Kansan, drift is well displayed
in the southwestern portion of the county. In the north-
western townships the drift exhibits certain peculiarities
which, attracting attention in the summer of 1897, seemed
likely to throw considerable light upon the geology of the
surface formations of the northwestern counties of Towa. It
was with this in view that the study of Carroll county was at
this time taken up.

PREVIOUS GEOLOGICAL WORK.

The earlier geological surveys, conducted by Owen and
Hall, did not extend into this region. The White survey,
however, covered the county and in the report issued in 1870
there is an excellent though brief description of its geology.*
This was previous to the general awakening of interest in the
surface formations which has been so marked a feature of

*Geol. Towa, Vol. 11, pp. 138-146, 1870.

6 G Rep
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geologic work inrecent years. Accordingly the drift deposits
of the county did not receive the interpretation which is now
given to them. Nevertheless the more important phenomena
were accurately described and certain of the generalizations
quite clearly foreshadowed. The term moraine was not used.
but the presence of drift ridges was clearly recognized. Mr.
Warren Upham seems to have been the first distinetly to
recognize the moraine in this county. In 1880 he traced it
through Towa and gave a brief description® of it as developed
from Coon Rapids to Breda.

The present work has included certain brief reconnoissance
trips in the fall of 1897 and more extended field work through-
out the season just past. In the latter the Survey has had
the benefit of field conferences with Mr. Frank Leverett, of
the United States Geological Survey, who visited the most
important exposures in company with the author.

PHYSIOGRAPHY.
TOPOGRAPHY.

Carroll county belongs to the great prairie plain of the
middle west. 1Itis not marked by any pronounced inequalities
of surface. The maximum variation is about 360 feet, but
individual slopes of more than 150 feet are exceptional. The
ceneral effect, away from the immediate neighborhood of the
streams, is that of a gently undulating plain. This plain is,
however, not quite level; neither is it tilted in a single direc-
tion. It has been warped so as to slope to the northeast and
to the southwest, from a slightly sinuous line running approx-
imately through Arcadia and Templeton. This line is the
divide between the Mississippi and Missouri river systems.
Plate ii shows two sections across the country, one follow-
ing the line of the Chicago & Northwestern railway and
accordingly running from east to west through the middle,
and the other along the Chicago, Milwaukee & St. Paul rail-

*Geol, Nat. ist. Surv., Minnesota, 1830, pp. 308-300,
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Plate ii.

LIBBEN

P

e e e et

_{//F~T“__'I'— = —pr=— —:—_ S e — e - o .
e ey

= § e

Ve RaLsTtan To WEST SIDE
: a
",' = ‘:’:
: ; =
= :—_\_’:_\‘—N_:‘T‘——\-—,—_ eI gt ‘n
1 | e B B — =TT
= | ] S et

SECT!ON

HASE

100076 AT

Coan

SCALEL
HOR SCCC f 7 "

VERT —3L8LL

CROSS-BEECTTONS 1IN

CARROLL COUNTY.




Py ey -
4 ..‘.' .’; 12

» wf'u'ﬁ

e » _r" ’.;
“.;--I‘
3D




TOPOGRAPHY. 5%
way, in the southern portion of the county. These cross-sec-
tions bring out fairly well the broad shield-like character of
the divide, though this feature would be more pronounced if
longer sections were taken. The fact that the major portion
of the county lies on the eastern slope is shown, as well as the
fact that the width of the area tributary to the Missouri
increases to the south. The sections do not show the tabular
character of the divide so well as one constructed regardless
of drainage lines would. The railways have necessarily fol-
lowed the latter for the sake of easy grades. Arcadia, Glid-
den and Templeton, however, stand practically on the upland.
At Carroll the profile shows a considerable elevation, marking
the Altamont moraine. This is, however, feeble, as compared
with the actual profile, since the hills here rise 130 feet above
the railway grade. The slope from Arcadia to Westside is too
great, and gives an undue ridge-like aspect to the divide. At
Arcadia the grade is but 45 feet below the general upland.
At Westside it is considerably more. Coon Rapids is built on
the out-wash plain of the moraine, and the hills, both north
and south, rise 180 feet above the town.

The general flatness of the region is none the less shown by
the profile, despite the fact that in the drawings the vertical
scale is exaggerated to ten times the horizontal. The divide
is not to be thought of as a narrow ridge, but as a broad, gen-
tle swell. The opposing systems of streams lead up to it on
opposite sides. They do not usually interlock to any notable
extent. There is ordinarily a rather prominent belt of coun-
try between their headwaters, which is barely cut into. This
debatable ground forms the real divide and is rather a bit of
upland plain with imperceptible slopes than a narrow dividing
ridge. It has itself a gentle slope to the south, from 1,476
feet on the higher flats north of Arcadia to 1,450 feet on simi-
lar flats west of Templeton. To the east the surface slopes
off gently to the Mississippi, falling 850 feet in the 250 miles
between Arcadia and Sabula, which lies approximately east of
the latter place. The western slope is greater, as the fall
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between Arcadia and Onawa, which lies fifty miles almost
due west, is 391 feet. As measured from Templeton to Lyons
the fall is 856 feet in 245 miles, and the corresponding slope to
the west is 393 feet in the fifty-eight miles to Blencoe. The
major slope, however, is not directly east or west, but rather
to the southeast and southwest. This issufficiently indicated
by the direction of the drainage lines, but is readily proven
as well by comparisons of levels. The upland surface is very
slightly convex. The slope per mile increases both from the
west and east as the median line is approached, though the
increment is very slight. The surface is not, however, even.
It has been etched by the streams, which have cut great gashes
into it, and it bears on its surface the unreduced accumula-
tions of the later geological epochs. The latter are piled up
s0 as to form minor rugosites on the shield surface.

The stream valleys, cutting in from the west and the east
and acting according to the well known law of river profiles,
have longitudinal sections which are of increasing concavity
as the sources are approached. This concavity of the river
profiles, while slight, as shown in instrumental surveys, is
great as compared with the much slighter convexity of the
upland surface. The result, of course, is that the stream val-
leys are relatively deep and sharp near the divide though the
same valley is both broader and shallower nearer its mouth.
This gives to the country near the divide a relatively fresh and
uneroded appearance. There are brouad, barely sloping
divides bounded by narrow, deep-cut ravines. There are,
however, many reasons for the belief that the region of the
divide belongs with the more eroded region of southern Towa
in age, at least so far as the part found in Carroll county is
concerned.

The erosion topography, while more noticeable near the
headwaters of the streams, is characteristic of all the area
south and west of the edge of the Wisconsin drift, as traced
on the accompanying map. This line divides the county into
two areas which are topographieally quite distinet. The
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northeast part of the county has a typical drift-plain topog-
raphy. The narrow median belt is morainic. The south-
western part is a region of typical erosion forms. Consider-
ing the morainic belt as belonging with the drift plain into
which it merges, the area shows two sharply contrasted sets
of topographic features. The one is almost wholly the result
of ice action and the other is exclusively due to the long-con-
tinued work of rivers.

WISCONSIN DRIFT PILAIN.

The most striking topographic feature of the drift plain is
the presence of undrained areas. While there are now no
large lakes within the county there are numerous ponds and
sloughs. Goose lake, in the western part of Richland town-
ship and a portion of Pleasant Valley, and Morris lake, in the
northwestern part of Union township, are now drained but
are reminders of a past but little removed. Goose lake was
one and a half miles long by one-third as wide. and Morris
lake covered nearly 200 acres. These are in the morainic
belt near the edge of the drift. The smaller ponds and
sloughs, however, are irregularly distributed from the very
edge of the Wisconsin to the extreme northeastern corner of
the county, and for that matter, for miles beyond. They vary
considerably in size and depth but may all be fairly considered
shallow and small. Many are now mere grassy swales, cov-
ered by water for only a portion of the year. Inrainy seasons
they expand and in prolonged wet weather a considerable
area may be brought under water. Such a condition betokens
extreme topographic youth and the increasing amount of
land dry enough to cultivate regularly is due more to artificial
ditehing and drainage than to normal stream action. The
whole country away from the immediate neighborhood of the
major streams is one gently undulating plain of very slight
relief, grass-covered where uncultivated, and dotted by the
oroves set out by the pioneers. The large valleys are marked
by thin, straggling lines of native trees. The plain is made up
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of interlocking and disconnected shallow basins with inter-
vening swells of reverse contour. It is the type of topog-
raphy characteristic of the Wisconsin drift plain, through-
out the state,* and called the saucer topography, from the
likeness of the basins and swells to irregularly placed saucers.
The basins are of various outline and usually without outlet.
Some are connected by narrow ditch-like channels through
which run the sluggish waters of a young stream. Storm
creek is really a series of such basins so connected.

1. 1. Morainic knob in northwestern part of Carroll.

The swells rise normally but twenty to thirty feet above
the adjacent low land. Southwest of Glidden there is a group
rising quite sharply; one with three peaks forming a broken
ridge. These are morainic in appearance, and are composed
of drift. They seem to be detached, and do not apparently
form a part of a connected series. Near Benan there is a
small group of kames, which will be deseribed later. Along
the southwest border of the drift plain the swells become
gradually more pronounced, the slopes steeper and the hills
higher, until a well developed morainic topography is found.
The morainic hills rise 60 to 70 feet above the drift plain
proper, but do not stand up notably above the higher divides

*(Geology of Polk County, lowa (eol. Surv., Vol. VII, p. 270,
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west of the Raccoonriver. Near Carroll their tips rise to
1,400 A. T. At Breda, and in some portions of Carroll town-
ship, the outer slope of the morainic is well pronounced. In
general, the inner border is not well defined. In Kneist town-
ship the country is slightly morainic as far east as Mt. Car-
mel. In Pleasant Valley township, where the moraine runs
west of the Raccoon river, the border is much better defined,
and trom Carrollton to the southeast corner the bulk of the
moraine is between the Raccoon river and a broad sag which
seems to mark the former course of that stream. In general,
the moraine covers a strip of country from one and a half to four
miles in width. Upon the accompanying map its outer border
is traced with some care. For the reason just given its inner
border is generalized somewhat. The fading of the moraine
into the drift plain is often so gradual as to make it a matter
of opinion where the line should be drawn.

Mr. Upham’s description of the moraine as found in the
county may be quoted as being the first published, and also
for its conciseness and clearness.*

*“In Carroll county this belt, from one and one-half to three
or four miles wide, continues northwestward by Coon Rapids,
Carrollton, Carroll, and Maple Junction to Breda. From the
southeast corner of the county to Gustine Grove, two miles
beyond Carrollton, it consists of swelling hills of till, not so
rough as to be typically morainic, which ocecupy a width of
one and one-half to three miles along the northeast side of
Middle Racecoon river, rising from 100 to 150 feet above it, and
averaging seventy-five feet or more above the smooth sheet
of till on the east. Between one and two miles northwest
from Carrollton some of these hills, 100 feet above the river,
consist of loess at the surface, free from pebbles to a depth of
ten or tweive feet. This has the same yellowish color as the
upper part of the till. Other hills near have many rock frag-
ments, both large and small, being common till, but morainic
in the abundance of bowlders. I'rom Gustine Grove to Car-

* (reol. Nat, Hist. Surv. Minnesota, 1850, pp. 308-309, 1891,
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roll the moraine holds its straight course northwestward,
lying on the southwest side of the river, which here flows east
and then south. Its heightis from 100 to 125 feet above the
river. A part of its mounds and hillocks through this distance
are covered by loess, but mostly their surface is till, with
numerous bowlders ana pebbles. A lakelet two miles south-
east of Carroll, and frequent sloughs, lie in the depressions
of this formation. Beyond Carroll the Middle Raccoon river
is again its southwest boundary, from which it reaches to
Mount Carmel. It here consists of moderately rolling till,
with crests thirty to fifty feet above its hollows; and this
character continues to the north line of the county, where its
course is through the northwest part of Wheatland township,
with a width that reaches about a half-mile east and two
miles west of Breda.”

LOLESS-IKANSAN PLAIN.

South and west of the moraine a very different sort of
topography prevails. There are no lakes, ponds or swales,
except such as have been constructed by man, or an occasional
bit of marshy ground on a river bottom land. The whole area
is thoroughly drained by a well developed system of rivers.
The valleys are cut deep into the drift and both they and the
narrow, but usually Hat, divides stand in obviously close
relations to the present streams. There are no hills which
rise above the general level and such hills as are present are
but dissected portions of the inter-stream areas. The slopes
are even and regular and usually are long and gentle. The
peculiar hummocks of gravel and knob-on-knob hills which
abound in the morainic area, and are occasionally found in
the drift-plain area, are entirely absent. Everywhere it is
the streams which are dominant and the topography has been
carved by them out of the general upland plain already
described. Standing on one divide one may look aecross a
series of similar narrow tabular divides all rising to form this
plain and together forming a skeleton net-work outlining its
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former extent. One hundred to 180 feet below this the
streams are now cutting. The minor branches are working
back into the hills and their headwaters reach up the slopes
usually to the base of the loess which constitutes the most
usual underground-water level. Above that the slopes are
gentler and of different contour as resulting from occasional
wet weather erosion and continued atmospheric weathering
rather than continued erosion alone. In their lower courses
the larger streams are developing bottom lands. The latter
are, however, relatively slight and it is doubtful whether any
considerable portion represents permanent filling. The flat
areas found along the streams belong rather in the category
of straths, as defined by McGee.* The region is one of very
delicate adjustment of the streams. They are just approach-
ing maturity and while the upland is almost gone, the lowland
has hardly begun to form. The streams are actively eating
away the inter-stream divides. Ocecasionally they cut so
close together that narrow knifelike divides and unstable
forms occur. An instance of this may be seen about three
miles east of Dedham (Sec. 14, Newton Tp.) where a narrow
divide has been broken up into a series of knobs closely simu-
lating in appearance some of the morainic hills.

The southwestern area, as contrasted with the northeastern,
presents everywhere evidence of topographic maturity rather
than topographic youth, of erosion rather than deposition, of
stream action rather than ice work. Tt is clearly older and
the land forms present must have been almost wholly devel-
oped betore the Wisconsin ice came into the region.

DRAINAGE.

The streams of the county reflect the same differences that
are shown in the topography. The North Raccoon, Purga-
tory, Llk, Storm and Willow creeks are young, have few
branches, and flow in anomalous valleys. The Middle Rac-
coon, Brushy Fork, the two Nishnabotnas, and their branches
are older, have many secondaries and, except in the case of

*Pleistocene Hist. N. E. [owa, Eleventh Ann. Rept. U. 8. Geo!.Survey, pp. 261-262.
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the first mentioned, normal, unterraced valleys. The Nish-
nabotnas and their tributaries, with the headwaters of East
Boyer river and Beaman creek, belong to the Missouri drain-
age system. The remaining streams flow into the Mississippi,
through the Raccoon and Des Moines.

The best developed stream in the northeastern portion of
the county is the North Raccoon. This stream has its head-
waters in Buena Vista county and unites with the Middle
Raccoon near Van Meter in Dallas county. As found in Car-
roll county it is a narrow, shallow, recent stream. Itreceives
Eik, Buck and Doe runs from the west, and Purgatory creek
from the east. Its banks are mainly Wisconsin drift, though
there are exposures of the Dakota sandstone on the main
stream and on Purgatory creek. The system has done con-
siderable cutting, and at Benan the river is eighty feet below
the upland to the west. The divide between the main stream
and Purgatory creek in the same region rises seventy feet.
Where the North Raccoon crosses the east county line the
valley has been cut to a depth of ninety-five feet. There are
terraces on the main stream and gravels along Purgatory
creek, which will later be discussed.

Storm creek is in many respects the youngest looking
stream in the county. It has no real valley, but winds in and
out between the low drift swells, expanding to form a swale
and then contracting to a narrow ditch. Through much of its
course it catches the drainage, such as it is, of the back slope
of moraine. It has, though, no system of feeders nor any of
the marks of age. It is a typical consequentstream. It joins
the Middle Raccoon where the latter flows inside the moraine
west of Glidden.

Willow creek is a name applied with more or less authority
to three separate branches within the county. The largest is
a stream starting about a mile southeast of Glidden and flow-
ing across the southwestern corner of Greene county to the
Middle Raccoon, about three miles south of Bayard in Guthrie
county. In its upper portion this stream is a recent, conse-
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quent stream, similar in all respects to Storm creek. In its
lower course it is an older, resurrected stream™ occupying a
part of a rock-cut valley out of which the Raccoon had been
pushed by the ice. This valley is marked by a sag running
across Union township and occupied in part by a tributary of
Willow creek, to which the name of the parent stream is some-
times applied. The third Willow creek is a small tributary
of Nishnabotna river joining that stream near Manning.

The most important river in the county is the Middle Rac-
coon, or Middle Coon as it is sometimes called. This stream
has its headwaters within the county in the high upland
region of Wheatland township. Irom Breda down to Maple
River junction it is sometimes called Maple river. About
halt way between the two places it receives a rather impor-
tant branch from the northwest, and near the junction it
receives the stream followed from Arcadia by the main line of
the Chicago & Northwestern railway. These three prairie
streams together form what is usually considered as Middle
river. From Carroll to Coon Rapids the river receives numer-
ous branches from the west, each with well developed second-
ary and tertiary branches. A similar series of streams which
doubtless once flowed into it from the east have been blotted
out by the Wisconsin ice, and now Storm creek is the only
important tributary from that direction. In general, Middle
Coon flows just outside the altamont moraine, and usually in
a valley older than the latter. In this it simulates the
behavior of the older portions of the river in Guthrie,t Dal-
last and Polk§ counties. In Carroll county the Coon has
been more disturbed by ice than farther south. As far south
as Carroll the valley is outside the theatre of action of the
Wisconsin ice, and seems to have been uninfluenced by the
latter. At Carroll it turns sharply to the east, cuts through
the moraine, and reaches the broad low flat which lies just

*Bul. Geol. Soc. Am., vol. I, p. 549. Towa Geol. Surv., vol. VI, p. 459.
+lowa Geul. Surv., vol. VII, pp. 423-426.

$Ibid, vol. V1II, pp. 60-62.

§Ibid, vol. VII, pp. 276-277.



64 GEOLOGY OF CARROLL COUNTY.

inside the latter. There has been considerable filling in at
this point, and it is not impossible that this portion of the
river’'s course marks a temporary lake, obliterated by being.
filled up. After joining Storm creek the river runs south to
Gustine’s Grove where it cuts through the moraine in a nar-
row and impressive gap, and takes possession of the valley of
an older but smaller stream coming from the west. 1t follows
this valley to about a mile south of Carrollton, this portion of
its course being beautifully terraced. At the last point men-

e —

Fra, 2. The Middle Racecoon at Coon Rapids.

tioned it makes a loop into the moraine then out again, and
finally, in Sec. 18 of Union township, it passes again into the
moraine. I'rom this point to Coon Rapids it has cut a deep,
narrow trench among the morainic hills, and has all the marks
of a very voung stream. At Coon Rapids it has been pushed
over into the valley of another small stream from the west,
and it follows this valley to beyond the limits of the county
to the mouth of Willow creek in Guthrie county.® In its

*3ee map of Superficial Deposits of Guthrie County, opp. p. 448, lTowa Geol. Surv,, vol.
VILI, 1897.
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present form the stream is accordingly largely the result of the
invasion of the Wisconsin ice sheet. Before the latter came
into the region the streams were flowing to the southeast, and
had, probably, symmetrically developed tributaries. Brushy
Fork and Wichita creek in Guthrie county,* and portions of
the Skunk river valley,t mark this old line of drainage. The
southwestern front of the Wisconsin ice sheet met this direc-
tion of drainage at a slight angle, so that it crossed the suc-
cessive streams in a north-south direction. Iach stream, as
it met the ice, was ponded till it found a gap into the next
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Fia, 3. Middle Raccoon valley, southwest of Carrollton, with Altamont moraine
in the background. Looking northeast. The trees mark the positlon of the
river.

valley to the south. The latter would then be followed by
the water till it in turn was blocked by the ice when a new
outlet had to be found. As the ice retreated the waters occa-
sionally followed the vanishing ice front until they.were
located on the low belt of land which in this region seems to
be characteristically present just inside the moraine. Pos-
sibly in some cases they flowed temporarily under the edge of

*See map cited above,
+Geol Polk County, Iowa Geol Burv., vol. VII, p. 284,
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the ice when the volume of water to be so accommodated was
not great. This may have been true for the present case
from near Carroll to Gustine’s Grove. At the latter point the
waters were turned into a valley outside the ice. This same
valley was crossed just south of Carrollton, and the water
formerly flowing in it was carried along the ice front to Coon
Rapids where, as already indicated, it was again turned into
a small extra-morainic valley. The old valley proper runs
from near Carrollton southeast to the mouth of Willow creek,
and is occupied by the lower portion of that stream and the
tributary already noted as sometimes called by the same
name. The valley now shows as a prominent sag, marked by
a line of artesian wells. The small stream flowing in it is
wholly inadequate to its excavation, and is a resurrected
stream. Coon river accordingly is made up of a series of bits
of old captured valleys and new trenches which it has cut for
itself. The lower portions of the older streams are cut off,
and only in the case of the larger one have been resurrected.

Brushy Fork lies wholly outside the influence of the Wis-
consin and shows accordingly what were probably the char-
acteristics of the streams now united to form Coon river. It
has a well developed valley cut at the south county line 220
feet below the upland, and has numerous tributaries. These
are systematically developed, though those on the southwest
are a trifle more abundant and vigorous. In the abundance
of tributaries this portion of the stream differs a little from
its lower course in Guthrie county.* It is, however, char-
acteristic of the streams of the southwestern part of the
county, which cover the area with a perfect net-work of
branching and re-branching streams.

The Nishnabotna has two branches in the county, both
having their sources within the limits. As developed here
they are simple prairie streams of some age and in a heavily
drift-covered country. They, with East Boyer river running
from Arcadia west, and Beamans creek in the extreme north-

*Geol. Guthrie Co., Iowa Geol. Surv., vol. YII, pp. 424-425.
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western part of the county, belong to the Missouri drainage
system. Their lower courses have not yet been studied by
the Survey. ;

Of the preglacial history of the streams of the county noth-
ing is known. There are as yet too few facts relative to the
rock surface to warrant any generalizations. In general, the
streams of the southwestern part of the county are younger
than the drift and older than the loess, in which they agree
with the streams of most of southern Iowa.* There are
minor branches which are younger than the loess and there
are some even more recent changes, but the drainage as a
whole is post-Kansan and pre-loessial. The streams east of
the moraine are post-Wisconsin except the lower portion of
Willow creek, already noted.

STRATIGRAPHY.

General Relations.

The surface formations of Carroll county belong entirely to
the drift and associated deposits. These cover the entire
county so completely that only a very few rock exposures
are known. The later belong, with one exception, to the
series of sandstones and clays which have been referred to
the Cretaceous. Well borings in various parts of the county,
as well as outerops in the neighboring region, indicate that
the Cretaceous covers almost the entire county immediately
under the drift. At one point only, a different and probably
older rock, which is provisionally referred to the coal meas-
ures, projects through the Cretaceous and is exposed at the
surface. Quite possibly there are other cases of the coal
measures running up through the Cretaceous, but if so, they
are concealed by the drift.

In the subjoined tables the terrains found in the county are
arranged in stratigraphic order.

*Geol. Washinegt n county. Towa. Geol. Surv, vol. V, p. 125; Geol. Appanoose county, Ibld,
p 374: Belations of Wis and Kan Dritt Sheets, ete ., [own Geol Surv, vol. VI, p 460: Geol.
Johnson county, Ibid, vol. VI, p. 30; Geol Polk county, Ibid, p. 277; Geol. Guthrie county,
Ibid, p. zeol. Dallas county, Ibid, vol. VILL, p 61; Geol. Decatur county, Ibid, p. 265,
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TABLE OF FORMATIONS..

GROUP. SYSTEM. SERIES. STAGE

Recent. Alluvial.

W isconsin.

Cenozoic. Pleistocene.
Glaci«l. lowan? [ Loess.)
Kansan.
Mesozoic. | Cretaceous. | Upper Cretaceous. ‘ Dalkota.
|
| | R e o
Paleozoic. Carboniferous. Des Moines.

CARBONIFEROUS.
DES MOINES.

The rocks which are here referred to the Carboniferous are,
so far as is now known, exposed at but one point; about one
mile southwest of Carrollton (Ne. qr. of Sw. 4, Sec. 1, Newton
Tp.) The exposure is on the southwest side of the Middle
Coon river, not far below the wagon bridge which spans the
river in the same quarter section. The outcrop is small and
is at present very largely covered up. The rocks found
include both shale and limestone. The shale is gray, thinly
laminated, sandy and micaceous. Its thickness could not be
measured. It is covered by the limestone, which varies a
little but is about three feet thick. The rock has been quar-
ried some and quite a pile of fragments are present. A care-
ful search through this pile of material failed to show any
satisfactory fossils, though one obscure fragment, which may
represent Productus costatus, was found. Nothing of certain
value, however, could be collected. The rock itself is nodular
and more or less fragmental. The matrix is a brown, fine
grained limestone, such as usually breaks with a clean, con-



CARBONIFEROUS. 69

choidal fracture. Here it is set with small, glistening parti-
cles, which at first sight may be taken for grains of sand.
Nevertheless, many of them are soft enough to be calcite,
and they are probably all or nearly all to be considered as
small crystals of that mineral.

Tn general appearance the rock resembles closely certain
limestones belonging to the middle coal measures or Raccoon
river beds in Guthrie,” Dallas,t Madison.] and other coun-
ties to the south. In the latter region, however, the rock is
usually fossiliferous. The fine grain of the Carrollton beds
malkes the material unfavorable for fossils and the limited
outerop makes it impossible to hope for another facies of the
rock.

This exposure was first located and deseribed by White,s
but no opinion was expressed as to its age. In considering
the latter there are three hypotheses to be kept in mind. The
rock may be (a) Carboniterous, (b) Cretaceous, or (¢) Pleisto-
cene. Considering the last first, it may be remarked that
Pleistocene limestones are not uncommon in western Towa.
The loess and drift are very calcareous and the waters com-
ing from them are heavily charged with lime. When, accord-
ingly, such waters reach the surface through permeable sand
or gravel beds, they quite frequently cement the latter into
a hard ledge of rock. At Woodworth's Glen, in Monona
county, | a ridge of this kind has led to the formation of a
very pretty waterfall. Near Anthon, in Woodbury county,*
there is a similar ledge. Near Fort Dodge a few years since,
large masses of such limestone containing leaves of trees at
present living in the vicinity, were collected by Mr. Frank
Wilder. In Dubuque and Clayton counties the talus slopes
along the Mississippi are cemented together so firmly as to be
quite equal in hardness and strength to ordinary limestone of

*Lowa Geol Surv., vol. VLI, p. 446.

11bid., vol. VIII, p 82.

#Ibid, vol. VII, p. 509,

izeol. Iowa, vol. LI, p. 145, 1870.
[owa Geol. Surv., vol. V, pp. 280-281.

“lowa Geol. Surv., vol. V, p. 281.
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the region. In all these cases, however, the resulting rock '
would be classed rather as a conglomerate than a lime-
stone. The calcareous matter has been deposited around and
between particles of foreign matter and it seems not impos-
sible that the presence of this foreign material may have had
a certain amount of influence in inducing the deposition. It
is known that deposition from super-saturated solutions is
brought about by the introduction of foreign matter or by a
change in the physical conditions of the solution. With
favorable and uniform conditions, solutions may be over-
loaded to a notable degree without inducing deposition. It is
something of a question, then, whether limestones would be
deposited from simple fresh-water solutions except by the
selective action of foreign material. On the other hand, it is
easy to conceive that a conglomerate may be formed by the
intense super-saturation induced by evaporation acting on a
thin film of calcareous matter coating the pebbles or sand
grains of the mass. The action would be similar to that in
the case of the formation of stalactites. If, however, any
such action took place it would be expected that the phenom-
ena which Posepny has proposed to call *‘ Crustification,”'*
would be present. There are, however, no signs of such
phenomena in the rock in question. The limestone is largely
a clean, brown to gray limestone, often almost wholly free
from foreign matter, and with no pronounced banding.
Furthermore the presence of the small films and grains of
crystalline calcite seems to indicate an opportunity to crystal-
ize out of a solution of considerable extent. The rock then
does not have the structure or appearance of a spring deposit,
and is of such texture and composition as to make it difficult
to conceive of its formation through the action of fresh-water
solutions. It does, however, greatly resemble similar rock
found not far away and known to belong to the marine Car-
boniferous. Other features of the case would be more favor-
able to the hypothesis of the I’leistocene age of the rock. Tts

*Genesis of Ore Deposits, Trans. Amer. lnst., Ming. KEng., vol. XIII, p. 207.
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apparently limited development, while it might be accounted
for under either hypothesis, would be especially apt to be
true if it were formed by spring action. The rock is covered
by calcareous Wisconsin drift and rests on an impervious
shale. The horizon is one of springs and seepage, and water
is usually found seeping out of the bank along the top of the
limestone. So far as was observed, however, this water was
not more calcareous than elsewhere, where no limestone is
present. No analyses were made, but a search for direct
evidences nf deposition such as are usually common in such
cases, was fruitless.

Regarding the second hypothesis, that of the Cretaceous
age of the rocks in question, but little need be said. The
Cretaceous is the only indurated rock exposed within the
immediate vicinity. It is, however, of a radically different
lithological character and nowhere in the state has limestone
of this type been found in the formation. The only lime-
stones known are found in connection with the chalk beds of
the Niobrara. These occur along the Big Sioux river,* the
Floyd,tand on the North Raccoon, at Auburn,}in Sac county.
They are always soft, fossiliferous and separated from the
sandstone by a considerable body of fossiliferous shale. The
beds at Auburn are of the same character as those on the
Sioux, and if they should change so slightly in so great a
distance it is hardly probable that in the distance between
Auburn and Carrollton there would be an entire change in
character. So far as the shales found with the limestone are
concerned, they might readily be either Cretaceous or Car-
boniferous. It may be noted, however, that no such shales
are known to occur in the Cretaceous of the region, though
common enough elsewhere, while the type is one common in
the Carboniferous.

There is, then, no good reason for referring the beds to the
Cretaceous, though it can not be affirmed that such a refer-

*Lowa Geol. Surv., I, 147-161; III, 101-114; V, 273-275; VIII, 330.
+Iowa Geol. Surv, vol. VIII, p. 332.
tProc. Iowa Acad. Sci., II, 173.
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ence would be wholly impossible. The reason for believing
the beds are of coal measure age have been largely suggested
in the foregoing. The resemblance of the material to the
strata common to the coal measures of the region, the possi-
ble presence of Productus costatus and the apparent impossi-
bility of referring them to any other series known to occur in
the region, are the main reasons for the correlation. The
limestone is about six feet above the river and the shales
below it are largely covered by alluvium. The Cretaceous
sandstone occurs at several points along the river, within
sight of the exposure. The sandstone rises nearly twenty
feet above the water and rests, according to White’s observa-
tions®, upon some dark colored arenaceous clays, which were
below water at the time of the present visits. Certain of the
exposures nearest the limestone outcrop show cross-bedding
dipping away from the later, which may, perhaps, be sig-
nificant. The whole field evidence indicates unconformity and
accords with the well known fact that there is a marked
unconformity between the Carboniferous and Cretaceous.t
Accordingly, while in the absence of good fossils the refer-
ence can only be provisional. it is best to consider the beds
as belonging to the Carboniferous. More specifically, they
may be referred to the upper part of the lower coal measures
or Des Moines series. They represent, doubtless, some of
the beds seen in Guthrief and Dallasg counties and which
belong to the old middle coal measures. This particular
facies is now known as the Raccoon river beds.| They repre-
sent the closing portion of the lower coal measures, the epoch
immediately preceding the area of limestone formation repre-
sented by the quarry beds at Earlham and Winterset.©

*Geol. Iowu, vol. 11, p. 144.

tGeol. Guthrie Co., [owa, Geol. Surv., vol. V11,p. 453, and map opp. p. 480.

+lowa Geol. Surv., vol. VII, p. 428.

iIbld. vol. VIII, p. 6.

[ Jour. Geol., vol. VI, pp. 577 588.

“Iowa Geol. Burv, vol. VIIT, pp. 509-520, 524-531. Amer. Jour. Science (1), vol. V, pp. 433-439,
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Along Middle Raccoon river near Carrollton and Coon
Rapids, and on the North Raccoon and Purgatory creek near
Benan, there are exposures of a soft sandstone with some
associated clays and conglomerates which may be referred to
the Cretaceous. As seen where the wagon road crosses a
small stream coming into Raccoon river from the west, south
of Coon Rapids (Se. qr., Sec. 34, Union Twp.), the rock is a
soft orange colored sandstone, unfossiliferous, and much
cross-bedded. It carries small, smooth and well rounded
pebbles of white and pink quartz and black chert, such as is
so abundant in the Guthrie county exposures. East of Coon
Rapids, the railway at one point cuts into some bright red to
orange sand, which doubtless represents the top of the forma-
tion. Southeast of the same place exposures of the sand-
stone are frequent, along both the Raccoon river and Willow
creek.

At the mill in Coon Rapids the sandstone shows on both
sides of the river, and probably originally formed a bar across
the stream. Tt is the same soft yellow material, and carries
the usual well rounded pebbles. Pink and white quartz, and
black and white cherts were collected here. There are about
four feet of sandstone exposed at the dam. the top being ten
feet above the water. The stone shows some cross-bedding,
and carries a thin band of clay. This band is not much more
than an inch in thiekness, but is remarkably clean and plastie,
resembling putty in consistency. Similar material occurs
near Rocky Bluff, southeast of Coon Rapids.* Near the dam
there are several large blocks of this clay in the drift in such
position as to indicate that they have not been carried far.
The fact suggests that undisturbed beds of it may be found
overlying the sandstone in the hill. Above the dam the sand-

*[owa Geol, Surv., vol. VII, p. 462,
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stone forms a pretty mural escarpment on the west side of
the river, as shown in figure 4.

The Cretaceous exposures south of Carrollton are around
the big bend in section 1 of. Newton township. The stone
shows at several points on both sides of the stream, forming

I'16. 4. Dakota Sandstone at Coon Rapids.

sharp bluffs twelve to fourteen feet high, with the tops rising
to 1,165 feet above sea level. The stone is friable, lighter
colored than at Coon Rapids, and not especially iron stained.
It shows cross-bedding, and is cut by a system of great joints.
In general appearance it closely resembles the Saint Peter
sandstone as exposed along the Mississippi river.

The exposures on Purgatory creek and North Raccoon
show similar material. The stone outerops at the river’s edge
south of Benan, where a group of kames is cut through by
the river. North of the town, at the ford where the old mill-
dam was located, the rock is said to ocecur just below water
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level. While it is not now exposed the evidence is considered
sufficiently good to warrant mapping an exposure at this
point.

West of the exposures noted there are no outcrops in the
county so far as can be discovered. At Arcadia and other
points the sandstone is struck in deep wells. The altitude of
the rock at Arcadia is about 1,100 feet, and the rock surface
seems to be fairly level throughout the county.

Ixposures of the sandstone are found in Sac county (sec-
tions 12 and 14, Sac township) and in Greene county,* and
outerops are very abundant in Guthrie county.t It isin the
latter county that the rock has been mainly studied. The
conglomeratic facies is more pronounced there, and, in addi-
tion to the quartz and chert pebbles, numerous silicified
Niagara and Devonian fossils are found imbedded in the rock.
A few Cretaceous fossils have been collected, and thin lignite
seams occur. While neither the fossils nor the lignites are
found in Carroll county the other resemblances are so close
as to make the correlation quite secure. The exposures near
Auburn offer the additional evidence of gocd outcrops of
undoubted chalk rock of the Niobrara in connection with the
sandstone. The chalk rock has all the characters common to
the same formation as exposed along the Big Sioux,} and
carries abundant Inoceramus labiatus. :

PLEISTOCENE.

Carroll county lies within the area which was in recent
geologic time covered by a series of great glaciers or ice
sheets. These ice sheets, having their birth in the Canadian
uplands, crept slowly southward as far as the Ohio and Mis-
souri rivers. All of JTowa, except a small portion in the
extreme northeast, was covered at the period of the maximum
extent of the ice. Parts of lowa were covered several times,
for it seems that the ice more than once retreated and

*Geol. Iowa (White), vol. I[, p. 133. 1870.
+Iowa Geol. Surv.,, vol. VII, pp. 451-459.
flowa Geol. Surv., vol. III, pp. 99-114,
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re-advanced. Some of the later ice sheets did not advance
so far to the south as the earlier ones, and there were occa-
sional differences in the deposits made. The drift series in
Carroll county includes deposits made by two separate ice
sheets. The one covered the whole county and indeed
extended for miles beyond its limits. The bowlder clay left
by this ice sheet is known as the Kansan, since it has been
extensively studied in the state from which the name is
derived. The other covers only the northeastern portion of
the county. It is known as the Wisconsin, from its magnifi-
cent development in that state. These drift sheets, as now
exposed. show certain very striking differences, though in
many particulars they are closely alike. When the Kansan
ice retreated from the region it probably left the country in
much the same condition as that is now which was covered
by the Wisconsin. The differences in the two areas are
mainly differences which have resulted from the weathering
of the drift and the erosion by the streams in the post-Kansan
interval. One exception to this occurs in the uniform presence
over the Kansan drift of the soft, pebbleless loam or loess.
This is a comparatively late deposit, laid down over the Kan-
san after most of the erosion of the area had been accom-
plished.

KANSAN DRIFT.

As has been stated the Kansan, when first exposed by the
melting of the overlying ice, probably resembled greatly the
present Wisconsin drift. The great valleys of the Nishna-
botna, Brushy Fork, Middle Raccoon and their numerous
branches and sub branches, were not present. The whole
country was a fairly even plain at a level a little above the
present hill tops. This plain probably showed the same sort
of swales, ponds and lakes which now dot the country to the
north and east. There was the same absence of streams and
irregular grouping of hills. Probably heavy morainic belts
crossed the area but these have since been cut away beyond
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recognition, unless indeed the great Mississippi-Missouri
divide be the much eroded remnant of such a master morainic
belt. There is much evidence in favor of such a hypothesis
since wells along this divide go down deep into drift and only
occasionally strike rock at levels higher than the surrounding
plain. At Arcadia the sandstone of the Cretaceous was
struck at a depth of 130 feet in the creamery well, or at an
altitude of 1,290 feet. 'This is about 150 feet above the level
of the rock surface in the vicinity of Coon Rapids. At Ode-
bholt wells are driven more than 350 feet in the drift, which
would place the rock surface at about 1,100 feet, or a little
below that, at Coon Rapids. At Adair the wells are very
deep and in the drift. In southern Madison and northern
[Union county the divide represents an accumulation of drift
250 to 300 feet thick over a fairly uniform surface of rock.
All these facts points to the hypothesis that the divide did
not exist, at least as at present outlined, in pre-Kansan times,
and probably originated as a great morainic belt. There is,
however, nothing morainie in its present appearance, nor
indeed in the surface of the Kansan, anywhere in the region.

The Kansan drift is a typical bowlder clay. It shows all
the marks which are so characteristic of ice deposition as
contrasted with water work. Material of all sizes is hetero-

geneously mixed together. The sorting out of fine and coarse,
which everywhere marks water work, is altogether lacking.
Fine clay, sand, pebbles and large bowlders are all kneaded
together in one mass. The heterogeneity in size is matched
by a similar heterogeneity of material. Amid abundant bits
of rock derived from the formations of the immediate vicinity
are pieces of clear quartz, of pink quartzite, gray and red
granites, diorites, traps, and other greenstones, whose nearest
outcrops are miles to the north. This northern material,
picked up and frozen into the ice, has been shoved to the
south and mixed with bits of chalk rock, sandstone, conglom-
erate and shale derived from the Cretaceous. A matrix for
coarser material has been formed from finely ground rock



78 GEOLOGY OF CARROLL COUNTY.

dust, rubbed off the surface rocks by the rock-studded ice.
In its original condition this bowlder clay is drab to blue in
color. Such a color is occasionally seen in the deeper rail-
way cuts or in wells or in excavations. As ordinarily exposed
this blue has given place to various tones of yellow, or even
red and brown. The change is due to the oxidation of the
iron disseminated through the clay, whereby it is changed
from the blue carbonate and ferrus salts to the yellow or
brown or red oxides. Frequently an exposure of the blue
bowlder clay will show a series of interesting joints and cracks
stained yellow to a distance of half or three-quarters of an
inch from their walls. This change is the same as that noted
on a larger scale where the upper portion of the drift is
yellow and the lower is blue. Both phenomena point to an
exposure to atmospheric agencies for a considerable time.
As has already been stated, the large erosion and the com-
plete development of the drainage system poinv in the same
direction. In southern Iowa, where the Kansan is more
characteristically displayed, there are certain other phenom-
ena which mark this drift and which aid in its recognition.
For reasons to be discussed later, some of these phenomena
are but imperfectly developed in Carroll county, and their
absence has caused some confusion to creep into the subject.

The exposures in southern Towa usually show. in addition
to the erosion and general change of color toward the surface,
a corresponding decrease in lime and increase in rotted bowl-
ders with the almost invariable development of what is called
the ferretto® and the occasional presence of a forest bed or
series of water-laid deposits between the drift and the loess.
Of these phenomena the absence of lime and presence of fer-
retto are most widespread and most easily recognized.

The drift is very largely made up of mechanically prepared
material. The finer parts consist of broken and finely ground
rock. Inasmuch as the glaciers passed over vast areas of
limestone, a fresh drift normally carries large quantities of

*Proc. Iowa Acad. Sci., vol. V, p. 90
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crushed limestone. This, when touched by any of the com-
moner acids, has the property of effervescing. When lime-
stone is exposed to weathering agencies the soluble material
is carried off and that which remains is unacted on by ordi-
nary acids. When a fresh drift containing small bits of lime-
stone is exposed for a long time to weathering agencies, the
same process takes place. After a time all the soluble part
of the limestone particles is carried away, and the drift shows
no reaction to the acid. It is thus possible, normally, to dis-
tirguish between an old, long exposed drift and a fresh one,
and in southern Towa it has been found that before the loess
was laid down the Kansan drift was so long exposed to the
agencies of solution that there is no reaction to the acid at
its upper surface and only a feeble reaction to depths of five
to nine feet below. On the other hand the younger drift
sheets, with the rarest exception, show an effervescence up
to the very grass roots.

Practically all rocks carry a greater or less percentage of
iron. The amount while small, is usually the determining
factor in the wmatter of color. As commonly found in the
rocks, iron exists in four forms; the carbonate (I'e CO; — Fe
43.27%), which affects various shades of blue;limonite (Fe, Oy
H, O—Fe 59.89%) and the various earthy ochres which vary
in shade from yellow to brown; hematite (Fe; O3 — e T0%)
which, in the pulverized form, is red, and magnetite (Fe; Oy
—T'e 72%), which is black. Magnetite is rarely an important
constituent of sedimentary, though common in the igneous
and metamorphic rocks. As will be seen from the chemical
formulas the carbonate contains no oxide proper. If a rock
whose color is determined by the iron content be subjected
to oxidation, the color will pass progressively from drab or
blue through yellow and brown to red. The latter color is
the indicating mark of a high stage of oxidation.

Oxygen is one of the most active chemicals in the air and
oxidation is one of the most widespread and prevalent pro-
cesses to which rocks are subjected in weathering. In drift-



30 GEOLOGY OF CARROLL COUNTY.

less areas, where the soil has been formed by the slow
weathering away of the rocks, red soils are common. In the
driftless area of Towa and adjacent states the hard, blue lime-
stones and dolomites of the Paleozoic have been leached and
oxidized till a sticky. red clay called geest, alone remains. In
many of the southern states, beyond the limits of glacial
action, red soils of this genesis are common.

When drift is exposed to atmospheric agencies the processes
of weathering are closely akin to those which take place in
the weathering of ordinary rocks. The chemical activities
are relatively more intense, as the material is already broken
up, and there is no need to wait for the slow processes of frost
action to shatter the rock. The finely comminuted rock flour
is at once attacked by chemical agents, and decalcification,
oxidation and ferrugination at once set in. Old drifts accord-
ingly soon became highly oxidized. The iron assumesa deep
brown to red color. This color is less and less intense from
the surface downward. The iron segregates and, to a cer-
tain extent, sometimes cements the soil. This dark, iron-
stained and highly oxidized band at the surface of the drift is
what is called the ferretto. In southern lowa it is wide-
spread below the loess and at the surface of the drift, and can
only be interpreted as indicating a considerable period of
weathering between the deposition of the two.

The oxidation which produces the ferretto leads also to the
breaking down of the bowlders at the old drift surface. It is
a very usual thing to find the granites and other crystalline
rocks, which at some depth in the drift are fresh and hard,
thoroughly disintegrated at the contact between the Kansan
and the loess. Often they may be crushed between the
fingers. It is not very unusual to find rotted bowlders in any
portion of the older drift, as would be expected from the fact
that the older drift sheets had much rotted material to work
with., But it is frequently possible to prove that the disin-
tegration of the bowlders at the surface of the drift took
place after they had been shaped by the ice, and furthermore
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the number of rotted bowlders usually increases with the
nearness to the surface. Accordingly this phenomenon
accords with the decalcification and the development of fer-
retto in indicating a period of considerable exposure to
weathering agencies.

In the study of Polk,* Dallas and Guthrie counties, it was
found that the Wisconsin drift rested not on the next younger,
Towan, drift,* but upon the Kansan. In the northwestern
part of Towa there is, outside the limits of the Wisconsin, a
drifv sheet which has been provisionally correlated with the
Towan.f As the exact southern limit of this younger drift is
as yet unknown it was necessary in taking up the work in
Carroll county to keep in mind the hypothesis that the drift
outside the moraine might be either Kansan, Towan, or both.
In the preliminary work some of it was assigned to the Towan.
The later studies have failed to confirm this correlation.

There are excellent exposures of the extra-morainic dritt in
the railway cuts along the Chicago, Milwaukee & St. Paul
railway and the Chicago & North-Western line from Carroll
to Manning. There is also a cut of interest at Arcadia, on
the main line of the latter road. Along the streams the
exposures show the drift in two facies, one, the normal Kan-
san exposure, showing ferretto, leaching, rotted bowlders,
etc., and the other an abnormal tyve in which these phenom-
ena are lacking. Selected outcrops of these two types are
noted on the map in order to indicate their distribution. No
attempt has been made to map every outerop. The universal
presence of the loess, often in great thickness, and the fact
that the bulk of the erosion was earlier than that deposit,
makes exposures relatively rare. This is especially true in
the northwestern portion of the county where the streams
are small and scattered, and there are no deep railway cuts.

*[owa Geol. Surv., vol. VI, pp 433-476.

18ee paper just ¢lted with Geol. Johnson County; Ibid, vol. VII, 86-91; Cerro Gordo County,
174-176; Proc. Iowa Acad. Sci, vol. V, pp. 64-104.

tIowa Geol. Surv., vol. VI, p. 20; Ibid, vol. VILI, p. 28, pp. 335-351.
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South and west of Coon Rapids exposures of the ordinary
type of Kansan are frequent. The ferretto, rotten bowlders,
and leached drift appear immediately below the loess at
numerous points, both in Guthrie and Carroll counties. In
the first deep railway cut east of Dedham (Sec. 16, Newton
Tp.) the leaching has been carried to a depth of five feet and
the ferretto is sixteen to eighteen inches in thickness. West
of this point to Manning the exposures show only the
abnormal facies or imperfectly developed ferretto, except
in a small exposure near milepost 413 (Se. qr., Sec. 11, War-
ren Tp.). This exposure is well up on the divide, back a
little from its edge (144 A. T.). It is near exposures of the
unleached till. The section shown is sketched below.

Fia, 5. Old soil east of Manning. Loess, 3, over soil, 2, which in turn lies on drift, 1.

The loess is quite the usual type, mantles the hill in ordi-
nary fashion, and is about six feet thick at the crest. The
old soil is a sandy, black material, resembling in some partic-
ulars certain phases of the white clays, but with abundant
humus mixed with the rock material. It is about eighteen
inches to ten feet thick. Below it the drift is only shown to
a corresponding depth, but it is thoroughly leached and iron
stained, a typical ferretto zone. West of Manning, between
that place and Manilla, the drift is deeply stained, and near
Aspinwall there are exposures showing a good ferretto. In
the southwestern part of Manning and in the hills south of
town the Kansan shows the high color indicative of iron stain-
ing.

Ifrom Dedham north to Carroll exposures of leached till are
frequent and ferretto is found widely. In the northwest
quarter of section 36, Carroll township, for example, the drift
is leached to a depth of five feet, and the ferretto is fairly
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well developed. Along the main road west from Carroll fer-
retto is seen at several points. In the railway cut immedi-
ately east of Arcadia, a little over one foot of ferretto is
developed at the contact between the loess and the drift.
In the southeast corner of Wheatland township the drift
shows below the loess. It is reddish-yellow and has been
leached. No great thickness of the drift is exposed here, but
that present seems sufficient to fix the age of the deposit.
The exposure is the more interesting because it is the farthest
north of any in the county where the ferretto has been recog-
nized.

The abnormal phase of the Kansan is not exposed in the
extreme southeastern part of the county. In the northwest
and southwest, however, the exposures of unleached till
probably outnumber those that are leached. An excellent
example of this drift may be seen in a group of exposures in
some railway cuts about two miles southwest of Carroll (Sw.
qr., Sec. 22; Nw. i, See. 27; Ne. %, Sec. 28; Se. 1, same; Sw.
+, See. 33, Carroll Tp.). The exposures extend from where
the railway first cuts into the hills to within about a mile of
Halbur. The ordinary exposure is as sketched below. The

F1a. 6. Loess over Kansan drift.

drift is a yellow bowlder clay rising fifteen to twenty feet
above the railway track. It is full of pebbles and bowlders
up to a foot in diameter. Granites are common and there are
a good many rotted bowlders, though the latter do not seem
much more abundant at the top than the bottom. There are
joint cracks in the clay, which are stained a deep orange color
and yet react to the acid. There is no ferretto and the drift
usually effervesces up to the contact with the loess. In no
case is the drift leached to a depth of more than six inches,
except in the southwest quarter of section 33, where, in

8 G Rep
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between two exposures of the type described, is one showing
leached drift and a ferretto zone. In section 27 the loess
does not show lime concretions and gives usually but a feeble
reaction to the acid. It rarely extends over the crests of the
drift exposures in any thickness, being usually less than three
feet deep at such points, though there may be as much as
eight feet on the flanks of the hills. Further south the loess
thickens and becomes calcareous.

The non-calcareous, fresh looking drift is exposed at
intervals along the railway to Manning, and from there east
to Dedham. In the southeast quarter of section 15, Warren
township, a cut shows ten feet of unleached and unstained
drift below six feet of loess. In the southeast quarter of sec-
tion 11, near the exposure of old soil already mentioned,
twelve to fifteen feet of the unleached till, covered as usual
by the loess, is exposed. On the township line (Se. qr. Sec.
12) the calcareous drift again shows and there are more
exposures between Templeton and Dedham.

In the northwestern part of the county there are several
good exposures of the calcareous drift. In the northwest
quarter of section 36 of Wheatland township, about forty feet
of the drift is exposed. It is very light colored and shows no
staining at all. The erosion here is very active and the
stream gorges quite sharp. About two miles south of Breda
{Ne. of Se. Sec. 24, Wheatland) about twenty to thirty feet of
fresh looking calcareous drift shows below loess of the usual
aspect. The drift is light buff, carries many granites, shows
no ferretto and reacts to the acid up to the loess contact. At
one point in the drift there is a considerable patch of orange-
colored sand, but not much of the material is seen. In the
northwest quarter of section 4, of the same township, there is
a small drift exposure on Beaman creek. The drift is yellow,
effervesces freely and shows no ferretto, though the exposure
is poor and it can not be certain that the original upper sur-
face of the drift is exposed.
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The exposures specifically noted, and others located upon
the map, indicate sufficiently how intimately the two phases
of the drift are inter-related. lixcepting these in Wheatland
township as possible examples of Wisconain buried beneath
wind-drifted loess, though this is not believed to be their
explanation, the whole series belongs together. The most
careful search in the field has so far failed to reveal any divid-
ing line either vertical or horizontal. If there were two
drift sheets in the region, one fresh and unleached and the
other old and ferretto-covered, the younger drift could hardly
have the patchy geographical distribution necessitated by
the facts in the present case, except upon the hypothesis of
its being thin and much eroded. Single exposures of more
than thirty feet are, however, known and there isno evidence
whatever that it has been eroded. No cases of super-position
have been detected nor are there forest beds, buried loess
sheets or other evidences of an interglacial period. Both
sorts of drift have exactly the same relations to the loess,
which in turn shows no evidence of being anything except a
homogeneous deposit. Iixcept that Wheatland township
seems less eroded than the others, a fact explained by its
position far from large streams, there is no apparent evidence
in the topography of difference in the age of the various parts
of the region. Accordingly, the two sorts of drift are believed
to represent but differing phases of the Kansan. The
unleached drift resembles closely the Kansan usually found
five to ten feet below the base of the ferretto. Itisasifa
portion of the Kansan had been in places evoded, and that, in
short, is believed to be the correct explanation of the phe-
nomena.

It is obvious that the presence of the lime in the drift
depends upon its original abundance and the degree to which
it has been carried away. The former is wholly independent
of the time the drift has been exposed, and the latter may or
may not vary with the time, but, in the absence of specific
evidence to the contrary, it may be fairly assumed to be
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dependent on that factor. All the drift sheets of Towa carry,
when unaltered, enough lime to make the acid test a valuable
one. The presence or absence of lime, then, in the upper
portion may, unless good evidence of its exceptional nature
be offered, be considered to indicate the amount of exposure
which the drift has suffered. The amount of lime leached
from a calcareous drift will depend upon the strength of the
solvent and the amount passing through the drift in a given
time. It will also depend upon the direction which the per-
colating waters take. In an arid region the excessive evapo-
ration may locally cause the flow of ground water upward and
lead to the deposition of soluble salts in the upper portion of
the soil. This factor can, however, hardly be important in
the present case. There is no reason to believe that the
water soaking into the ground in one part of Iowa varies
greatly in solvent power as compared with that in any other
part, when considerable districts are considered. There are,
of course, wide differences in detailed areas, but in general
the rain water, which is the original source of the under-
ground circulation, seems as likely to become charged with
humus and other acids at one point as another. It is true,
however, that the amount of water entering the ground varies
widely. There are considerable differences in the rainfall in
different part of the state, the variation in 1894 being from
15.65 inches to 27.57. In the northwest it ran from 15 to 20
inches, and in the southeast from 20 to 25, with areas run-
ning from 25 to 30.* The run-oftf also varies widely. There
are no data relative to Iowa streams, but it is well known
that the run-off is proportional to the character of the sur-
face, the slope and the time distribution of the rainfall. Tt is
greater in an area with a non-absorbent surface, on greater
slopes, and when the rainfall is bunched. In the present case
the surface of the Kansan drift seems not to vary in any
systematic way with relation to its capacity to absorb water.
The rainfall in Carroll county is probably as evenly distributed

*Rept. Iowa Weather and Crop Service, 1894, p. 52.
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as in other parts of the state. There are, however, con-
siderable differences in slope. Tt is to be remembered that
the region represents the high upland between the Mississippi
and the Missouri. The railway grades across the country
are heavy and the stream grades are even greater. The
drainage consists of the headwater portions of the streams
only, and the water reaches them by running over the steep
surface slopes rather than through the ground. Springs in
the southwestern part of the county are almost unknown and
seepage is rare. The whole series of evidences indicate that
the water passes over, rather than through, the drift, and
hence that solution is relatively slight. This seems to be one
of the important factors in the failure of the leaching tests.

When the grades are high and the amount of surface water
notably in excess, it must be obvious that erosion will be very
active. This will be as true of the slower and less easily
noticed surface erosion of the interstream areas as of the
direct corrasion of the streams. It has already been suggested
that stream action in the region is intense. It is also true
that the erosion of the general surface is much greater than
on the low, wide divides further south. The relations of the
loess to the river valleys indicate that the latter occupied
approximately the same position in the interval between the
Kansan and the loess that they do now, so that erosion was
probably, at least, as active then as now. This is probably
the main explanation of the absence of the ferretto and leached
drift in the region under discussion. Aside from the fact that
there may have been less leaching here than in lower lying
regions, the active erosion by which the stained and leached
material has been carried away as fast as formed, is probably
the main factor in the explanation. In very many instances
where the more weathered portion of the Kansan is absent,
the field evidence shows that its absence is probably due to
the local intensity of erosion. The fact that erosion over a
general su1face presents the widest variation in intensity and
effect from point to point, is not perhaps always appreciated
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as thoroughly as it should be. A difference of five to ten feet
in the amount of erosion on neighboring swells and divides is
not unusual, but where the uppermost stratum happens to be
so strongly marked as is the ferretto zone, the effects of this
difference become very striking. On high land much cut up
by streams, erosion is very active, and it seems reasonable to
believe that these minor differences from point to point would
be correspondingly magnified. These very conditions prevail
now over most of the territory in question, and the stream
history of the region, so far as it can be read, indicates that
conditions were not greatly different before the loess was laid
down.

The high divide in Madison and Union counties between
Clanteen creek and Grand river shows a corresponding local
variation in the amount of erosion. At numerous points the
yellow, unleached drift of the Kansan is exposed at the sur-
face in the heart of a region where leached drift and ferretto
are widespread. In this case the erosion, since the exposures
are loess covered, seems to be recent. In the case of the
Carroll county outcrops the eresion would be mainly pre-
loessial.

No attempt can be made here to fix the age of the extra-
morainic and fresh looking drift found in the counties to the
north. The work of the present field season has shown that
the reference of this drift to the Iowan is probably wrong.
The work in Carroll county has shown that there is no danger
of confusing certain phases of the Kansan with the later
drifts. It is possible that a limited extent of the northwestern
part of Carroll county is covered by the later drift. The
exposures are few, and such as are found are of the equivocal
type. There are, however, no marked border phenomena,
such as elsewhere denote the limits of a drift sheet, and the
possibility of a later extra-morainic drift within the limits of
the county is believed to be remote. Until, however, the
counties to the north be studied in more detail than has so
far been possible the absence of such later drift cannot be
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positively affirmed. Tt may be said, however, that so far no
extra-morainic drift is known in Carroll county which is not
known to be Kansan, or which might not readily be assigned
to that formation.

It is interesting to note that up to the present no traces
have been found in this county of any drift older than the
Kansan. The pre-Kansan, which is oceasionally found in
other parts of the state,” is not known to occur here, though
it probably at one time covered the county. A fuller study
of well records than has yet been possible would not unlikely
show its presence.

THI. LOESS.

Outside the area covered by the Wisconsin drift, and to a
limited extent along the border of the latter, the surface
formation is the loess. This is, as developed here, a butt,
pebbleless clay, friable, and of limited plasticity. It is inter-
mediate in character between the dust-like and highly absorb-
ent type of loess developed along the Missouri river and
formerly known as the Bluftf depositt and the very plastic,
argillaceous, gray to white surface clay common in southern
Towa, northern Missouri and parts of Illinois, Indiana, and
Ohio, and called by Leverett the White Clay.y The loess in
Carroll county takes the usual sheet form, spreading over
the drift as an irregular but usually thin mantle. It is not
sufficiently thick to develop its own peculiar type of topogra-
phy. It conforms everywhere to the inequalities in the sur-.
face of the Kansan drift, and exposures of the latter occur
only when it has been cut through by recent erosion.

The relations to the Wisconsin drift are at first glance
a little confusing. Near Coon Rapids the loess passes directly
under the latter. There are two exposures near town which
show this feature. One of these exposures is in a deep rail-
- Proc. Jowa Acad. Scl., vol. IV, pp. 54-6t; vol. V, pp. 86-101,

tSwallow: Geol. Surv., Missour, 1855, pp. 79-76. Whlite: Geol. Iowa, vol. I, pp. 103-109.

1870,
tLeverett: Amer. Geol,, vol. X, pp. 18-24.
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way cut about one mile east of the station. The surface
around the cut shows the usual saucer topography character-
istic of the Wisconsin drift plain, and the sides of the cut
show the usual Wisconsin drift with a buff color, numerous
pebbles and occasional lime balls. Below the drift and rising
about two feet above the track is the loess. It is of the same
type as is found west of town, and is unfossiliferous. In gen-
eral appearance it closely resembles the matrix of the Wiscon-
sin drift, but prolonged digging failed to show any pebbles in
it. The Wisconsin is in this region made up largely of worked-
over loess, but the loess seen in the cut is believed to be
undisturbed. The exposure is about a half mile back from
the edge of the Wisconsin dritt.

The second exposure is about a mile south of town, near
where the main wagon road crosses the river. The hills on
the east side of the river are capped by a series of little grav-
elly knolls, such as form part of the gravel apron fronting
the Wisconsin. Back of these knolls is the moraine and the
regular bowlder clay. The slope toward the river shows the
usual loess overlying the Kansan drift, so that the ice itself
evidently failed here to reach the valley, though the outwash
spread over the flanking hills.

In the northwestern part of the city of Carroll the same
relations may be observed, though the exposures are not so
satistactory. The hill upon which the hospital stands is made
up of ordinary Wisconsin drift and shows the usual surface
bowlders. The next hill west is heavily coated with loess,
which was at one time used for brick making. Traveling
north on the road, in the northwest quarter of section 24, Car-
roll township, the loess is seen passing up the slope to the
north line of the section. Soon a few pebbles are discovered
on the slope. These become more common until a well
exposed bowlder clay is found, from which the pebbles have
evidently washed and rolled down over the loess. A good
contact could not be found here, but the whole of the evidence
seemed to indicate that this exposure falls in with those
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observed near Coon Rapids, and that the relations are the
same as those observed in Polk®, Guthriet and Dallas? coun-
ties, where the loess passes well under the edge of the Wis-
consin. Doctor Beyer’s observations in Story county, detailed
in this volume, greatly strengthen this hypothesis; so much,
in fact, that the general matter may fairly be considered to
have passed out of the realm of hypothesis into that of
demonstrated fact.

North and west of Carroll the loess occasionally laps up
over the edge of the Wisconsin for a short distance. This is
true about the middle of the west line of section 29, Kniest
township. At this point about twelve inches of loess covers
the outer face of the moraine. In the southern part of sec-
tion 29 of the same township, loess two feet thick is found
overlying drift which can hardly be anything but Wisconsin.
Upham mentions cases where as much as ten to twelve feet
of loess is found mantling the morainic hills.§ No such
thickness was observed in the present work, though hills of
loess-covered Kansan were found among the morainic knobs.
In every case examined by the writer where undoubted Wis-
consin is covered by loess the latter is very thin and the
situation is such as to invite the hypothesis that the wind
has blown the loess from the west up onto the outer slopes
of the morainic hills. Tt is believed that in Carroll county,
as farther south, the loess is distinctly older than the Wis-
consin and usually runs under the latter.

The age of the loess can not be positively fixed. In eastern
Towa, | and the same is true in Illinois, the bulk of the loess
seems to have been deposited contemporaneously with the
maximum advance of the Iowan ice. The loess in Polk,
Dallas and Guthrie counties has been considered to fall in the
same category. There is no observable break between the
loess of Guthrie and Carroll counties, and the natural refer-

*Towa Geol. Surv,, vol. VII, 340-343.
+Ibid, 463-466.
#Ibid, vol. VI, 433-476.
ilowa Geol. Surv., vol. VII, pp. 88-920.
Geol. Nat. Hist. Surv., Minnesota, 1880, p. 309.
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ence for the latter would likewise be to the Iowan. It is
known, however, that loess in northwestern Towa probably
belongs to more than one geological epoch,” and Professor
Macbride’s observations in Humboldt countyt make it con-
clusive that the Jowan did not cover the region immediately
north of Carroll county as has heretofore been believed. The
correlation of this loess with the lowan drift is accordingly
open to considerable doubt. While it remains true that its
most probable age is Iowan it can be assigned only to that
period tentatively.
THE WISCONSIN DRIFT.

The northeastern portion of Carroll county lies within the
limits of the Des Moines lobe of the Wisconsin drift. This
lobe marks out the territory occupied by a long tongue of ice
which crossed the north state line between Clear Lake and
Spirit Lake, and covered all the territory south to its apex at
Des Moines. This was the last ice sheet which entered Towa.

F'1c. 7. Morainie hill in northwestern part of Carroll,

It occupied the territory at a time geologically very recent;
measured, probably, by a few thousand years. The evidences

*Geol. Plymouth County, Iowa Gecl. Surv., vol. VIIT, pp 339340,
+In this volume.
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of the recency of this invasion are mainly to be found in the
topographic peculiarities of the region already discussed. The
drift itself is also of the fresh type. It has a gray to light
buff color, and does not show the deep orange, brown and red

Fic. 8. Cretaceousclaysin Wisconsin drift ab)ve the dam at Coon Rapids.

colors, which have been shown to be characteristic of the
older drift sheets. It is wholly unleached, and the pebbles
and bowlders found in it are usually hard and unweathered.
The surface of the country is plentifully sprinkled with the
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large surface bowlders commonly referred to as niggerheads.
These are so widespread as to be everywhere observable, and
so frequent as to be an occasional hindrance to agriculture.
The farmers gather them up in great ridges along the fences,
or bury them where they lie in the field. These surface bowl-
ders are mainly granite, and several types are found. Lime-
stones also contribute a notable percentage to the lot, and in
early days the surface limestone bowlders were occasionally
burned to lime.

The matrix of the till consists mainly of loess which has
been picked up by the glacier and reworked. Pebbles, bowl-
ders, sand and clay have been kneaded into it. Iigure 8
illustrates how great masses of Cretaceous clay and other
materials have been mixed together. The preponderance of
the loess material, however, is sufficient to give the bowlder
clay a buff color, and it is believed that the latter is due more
to this cause than to any alteration in the iron content since
the drift was laid down. The Wisconsin drift is usually asso-
ciated with gravel and coarse sand deposits,” and this char-
acteristic is well developed in the area under discussion. Sur-
face knolls of gravel are common throughout the inter-
morainic area. They are especially characteristic features
of the broad bottom land followed by the Middle Raccoon
river for some five miles east of Carroll, and can be easily
recognized by passengers on the railway. Near Glidden and
at various points throughout the region they occur.

South of Benan (Se. qr., Sec. 3, Glidden Tp.) there is a
group of gravel hills cut through by the river. These hills
rise 130 feet above the river and project forty feet above the
surrounding country. They are clearly constructional in
form and may be referred to the type known as kames.t

*Geol. Wisconsin, vol. I, 2584, 18:3; Towa Geol. Surv.. vol. VI, pp. 442-443. 1807,
+Chamberlin: Third Aun Ript. U. § Geol. Surv., p. 300
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On the river here, there are a series of terraces as sketched
below. These are gravel terraces of aggradation and seem
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Fra. 9. Terraces on the North Raccoon at Benan.

to be gravel trains. They are probably to be correlated with
some temporary halt of the ice in retreat, at some point a few
miles above Benan. They do not extend down the river as
far as the east county line, as the valley at that point shows
no sign of them. Their regular form differentiates them from
the gravel patches found throughout the vicinity and to
which category the gravel on Purgatory creek belongs.
Along the Middle Raccoon river gravels are developed
wherever the valley has been influenced by the ice. The
river cuts through the moraine in section 26 of Pleasant Val-
ley township and runs outside to section 1 of Newton town-
ship. 'This portion of the valley seems to have been ponded
by the ice and formed a temporary lake. While in this con-
dition it was filled up with gravel to a level sixteen feet above
the present stream. Into this gravel the river has since cut
till the old filling is represented now by remnants of a fring-
ing terrace. At Coon Rapids, where the drainage of the ice
was turned into the valley of the small stream coming from
the west, a gravel terrace was formed, and the main part of
the town is located on this terrace. Patches of the same
terrace can be found along the river valley for some miles
south of town. The terrace at its upper end rises fifty feet
above the river, but to the south it declines until it eventually
reaches the level of the flood-plain. This indicates that the
terrace was produced by material supplied from an ice front
above, rather than by ice damming it below. Most of the
material of the gravels is hard and fresh, but some is rotted,
and ocecasionally there are streaks which are iron-stained. A
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section taken on the north side of the railway pit at Coon
Rapids showed the following beds:

INCHES,
1. Stripping-loam, brown to blaek, with a few scattered
e[k ehes o e B PR S TR A N Y I i S T by 6-30
3. Gravel, stained, much rotted material, sharply lim-
TESRDEIER e baiinds v b bt s i Tt o 5 S ol
2. Gravel, coarse, irregularly colored and bedded. ... .. 60
1. Gravel, fine, worked further south in the pit........ 124+

The layer of iron-stained and rotted gravel (No. 3) suggests
1 weathered zone akin to the ferretto, but the fact that it is
so sharply limited below sets it off from this class of phenom-
ena. 1t is probably a local accident of bedding. The weath-
ered material is almost exclusively a coarse grained, mica-
ceous granite or some other micaceous rock. One enumera-
tion of weathered bowlders gave the following results: gran-
ite, 15; mica schist, 1; greenstones, 2; limestone, 1. Tt seems
that the weathering is due more to the presence of easily
decomposed minerals than to the position of the materials.

At first glance the gravels seem to contain a great pre-
ponderance of granitic material, and this is true if attention
1s directed to the larger sizes. An enumeration, however, of
all the pebbles more than a half inch in diameter in a certain
surface gave the following results:

Limestone. Granite. Greenstone. Quartzite. Miscel.
BRI © an Lo il e s v s 75 13 38 5 4
Weathered ...........c.o0unt. 0 8 1 0 0
The granitic appearance of the gravels is accordingly due
to the fact that the basic rocks and the limestones have been

more broken up. Altogether, some seventeen varieties of
pebbles are fairly common in the oravel. These varieties
include diorite, slate, greenstone, amygaloid, fine grained
trap, mica schist, white quartzite, pink and clear quartz, black
and white chert, limestone, Cretaceous conglomerate, limon-
ite and a bit of taconyte, the rock associated with the iron
ores of the Lake Superior region.

The gravel shows east of the river, where the railway cut
crosses the little side lobes of the hills. It soon gives placeto
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the unassorted material of the bowlder clay. The latter con-
tains much the same pebbles which are common in the gravel.
The bowlder clay, except where patches of gravel oceur, forms
the surface material throughout the northeastern portion of
the county. The stream cuts into it, and in the morainic area
it is heaped up into the irregular hills and knobs character-
istic of moraines. FElsewhere it spreads out into the gently
swelling drift plains.

ECONOMIC PRODUCTS.
COAL.

Carroll county lies within the limits of the Western Interior
coal field, though it is west of the portion which in Towa has
been shown to be productive. The nearest mines have been
located near Grand Junetionand Rippey in Greene county, and
along the Middle Raccoon in Guthrie county. The coal mined
at Grand Junction lies at an altitude of about 1,000 feet. The
coal mined near I'anslers would be at about the same altitude.
If there were no dip to the west, and a slight one must be
allowed for, this would still be a considerable distance below
the lowest point in the county.

As has already been stated, the coal measures in Carroll
county are covered not only by the drift but by the Cretaceous
beds. The full thickness of the latter is not exposed at any
point in the county and may be expected to be somewhat
irregular since the Cretaceous is uncomformable, not only
with the drift above, but with the coal measures below. As
shown southeast of Coon Rapids, on the Middle Raccoon, the
beds have a thickness of about one hundred feet. This may
be assumed to represent the average thickness for the eastern
portion of the county. In the western portion the sandstone
rises, in points at least, to 1,300 feet above tide, and probably
is accordingly, 100 feet or more thicker. The drift in the
region varies from nothing to as much as 516 feet. The
maximum thickness of drift is not, however, found at the
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same point with the maximum thickness of Cretaceous, and
in general, the drift may be assumed to be from 100 to 200
feet in thickness. It will vary between wider limits but the
larger portion of the area would probably show rock at that
depth. It is obvious that in any prospecting for coal in this
region it is desirable to stick to the lowlands so as to avoid,
as much as possible, drilling through the drift. Coon Rapids,
in the southeastern portion of the county, lies on a terrace at
1,173 feet above tide. The river itself has cut to about 1,118
feet. This is believed to be about the lowest point in the
county. Allowing fifty feet for the dip, the horizons which
carry coal to the east should occur at a depth of about 170
feet below water level at Coon Rapids, or 200 to 225 below
the bottom land of the Coon river.

As has already been stated, the Cretaceous sandstone rests
uncomformably upon the coal measures. The latter were
exposed to erosion and their surface was cut up by streams
before the later beds were laid down over them. The thick-
ness of sandstone to be penetrated will accordingly vary from
point to point. At the one outerop already described the
drill would at once go into the coal measures. The upper
portion of the coal measures is, however, but sparingly pro-
ductive, and it would in all probability be necessary to go at
least to the horizon already mentioned as productive at Grand
Junction and Dawson, in order to obtain coal. Coal may be
encountered at any point in the coal measures, but the chances
of thick beds increase toward the bottom. The base of the
coal measures here would probably lie at from 550 to 600 feet
above sea level, so that there is, in Carroll county, a con-
siderable thickness of strata suitable for exploration with the
drill.

The uestion whether or not the coal horizons which run
under Carroll couuty would prove productive, is a difficult one,
and one that can only finally be settled by the drill. There
are in this region no surface indications of value whatever.
With the exception of the outcrop of presumably Carbonifer-
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ous limestone, all the rock exposed in the county is much later
than the coal measures and wholly unrelated to them. The
sandstone outcrops aftord no basis whatever for the local
belief that they indicate coal. The whole question is one
which can be answered by systematic drilling, and by that
alone. There are, however, certain indications of interest.
It is well known that with certain rare exception, the indi-
vidual coal beds of Iowa do not have any great lateral extent.
They pinch out from point to point, thicken and thin, pass
over low rolls and are cut out by sandstone and shale. Tt has
so far been impossible to coustruct a detailed vertical section
of the measures that could lay claim to be of more than local
value. While, however, the coal beds are not usually persist-
ent, there are certain horizons which have usually proven
productive, and which may be recognized over a considerable
area. IFor example, the coal mainly worked in Keokuk,
Mahaska, Wapello, Monroe and Lucas counties occurs at
about the same stratigraphic horizon. The coal is not con-
tinuous from point to point and only perhaps 12 to 15 per cent
of the entire area carries coal in workable thickness. Yet
the horizon shows more or less coal for a distance of at least
sixty miles back from its outcrop, and it is about as rich at its
western known limits as at its eastern. How far under cover
of the upper coal measures it will prove productive cannot
yvet be stated, but there is reason to believe that at least some
of the area will show coal of merchantable thickness. This
Wapello horizon, as it has been called, is the best known coal
horizon in Iowa. It has furnished more coal and has been
more extensively prospected than any other. It is probable
that it is more extensive than many of the other horizons, but,
none the less, its richness for a distance of at least sixty
miles down the dip is of suggestive interest in connection
with the probabilities of coal in Carroll county. Coal has
been mined and is, in fact, now being mined within twenty-
five miles east of the county line. The presence within the

county of an exposure of the Raccoon river beds of the coal
9 G Rep
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measures shows that the latter have not been cut out by the
erosinn which intervened between the Carboniferous and the
Cretaceous. It is, accordingly, altogether probable that
workable coal beds underlie at least the eastern part of Car-
roll county. The commercial question resolves itself, accord-
ingly, into a matter of the value of the coal and the probable
cost of locating, opening and mining it.

It has already been stated that any prospecting in this
region should be carried on with the drill. The experience
of large mine operators in the southern part of the state indi-
cates that for this work the core or diamond drill is better.
The depths to which it would be necessary to go, and the fact
that so little is known of the beds underlying the county,
make it more than ever necessary that there should be no
mistakes in the determination of the thickness and character
of each stratum penetrated. The increased cost of diamond
drill work is more than repaid by the increased certainty of
the result. The cost of diamond drill work varies greatly
with the depths, nature of the strata, skill of the manipulator,
amount of work done, proximity to water, and the number of
diamonds or other tools lost or injured. Several large con-
tracts have been carried out in this state, where the depths
were mainly from 100 to 400 feet, at an average cost of 75
cents to 51 per foot. Single holes will, of course, average
very much higher, and the figures quoted cannot be attained
except under favorable circumstances, and where 5,000 to
10,000 feet of drilling are to be done. It would probably
require at least that much work here to locate coal with suffi-
cient accuracy to warrant the further outlay incident to sink- -
ing a shaft and putting up top works. A single drill hole or
even a dozen drill holes would probably not answer the pur-
pose. The amount of money necessary to open up a mine
here would be large, and the cost of prospecting would neces-
sarily be considerably higher than in the counties to the east,
where the coal lies nearer the surface and more is already
known as to the region. A mine in this region, of course,
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would have important advantage in reaching the western
markets, and in the local trade. It is quite unlikely, too,
that mines will be opened west of Coon Rapids and Dedham,
as, in the region beyond, the drift is so thick as greatly to
increase the cost of prospecting, and the distance from the
outerops of the coal so great as to make it very uncertain as
to whether the beds have not altogether thinned out. The
lower portion of the valleys of Brushy IFork and the Coon
river, especially the latter, are the most favorable points in
the county in which to prospect. Whether or not the chances
are sufficiently favorable to warrant investment at present is
something of a question. It certainly would not pay unless
the company undertaking the work has sufficient capital to
prospect thoroughly a considerable area.

CLAYS.

The Pleistocene series is the only one which yields work-
able clay in the county The Cretaceous clays are of excel-
lent quality, but so far they have not been found in quantity
sufficient to be valuable. As has been suggested, the large
amount of Cretaceous clay in the drift at Coon Rapids indi-
cates that a good bed of it occurs at some point in the viein-
ity, under the drift. It is possible that this may at some time
prove workable. The only clay now used is the loess. This
is widely distributed throughout the southwestern portion of
the county, and is excellently adapted to the manufacture of
several grades of brick. It may be worked by hand, as a
soft-mud, or on the dry-press. It is especially well adapted
to the latter treatment, and yields a good face brick of excel-
lent color. While much of the loess is so filled with lime
concretions as to be nearly useless for brick work, there are
large bodies almost entirely free from lime. At present brick
is made at but two points in the county, though brick plants
have been in operation at other points, and the material is at
hand over most of the county. The facts that coal must be
shipped in, and that there is only a moderate demand for
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brick, has so far prevented the growth of a large industry.
The brick now marketed are of the cheaper grades. Dry-
press work has not been attempted, the initial expense more
than balancing the increased return on the probably limited
output. With the growth of the towns and cities of the
county, and the decreasing use of wood in building, these
conditions will undoubtedly change in future. The plants
now in operation are located at Carroll and Manning.

Carroll.—In the southwestern part of the town the firm of
O’Neil & Kellenberg have the most important brick works in
the county. The plant was started a little more than fifteen
years ago by Mr. C. I’. O’Neil, and has been enlarged from
time to time. At present it includes one soft-mud Eagle
machine, a I'reese brick machine, 30 horse-power engine, 40
horse-power boiler, pump, drying-sheds, etc. The kilns are
two in number, one a large cased kiln, and one smaller round,
down-draft. The main portion of the output is burned in the
former. In burning, about four days are allowed for water-
smoking, and the whole burn is made in seven to nine days.
About half the burning is done with wood. The drying is
done on pallets, under open sheds with movable roof, and
there is but little trouble with checking The brick are a
good building brick, of salmon color and fair strength. The
clay is taken from a hillside pit on the grounds, and is of two
varieties, which are suitably mixed. A sketch of the pit is
shown below.
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The ficures refer to the following beds:

FEET.
3. Loess, vertical jointing, considerable humus, bulf
color, ordinary character of the loess of the region.3-7
2. Sand with clay streaks thickening to the left, horizon-
[N e 0575 T 2T A M e s P SR e 13
1. Fine grained blue, silt-like loess with horizontal bed-

In the northwestern part of Carroll, at a locality already
mentioned, brick were for some years made by W. M. Boom.
The loess was used to make a hard brick, but the work stopped
in 1892.

Manning.—On the slope north of the Chicago & North-
Western railway station is the brick yard of Mr. F. H. Long.
The plant includes a New (Quaker machine, the usual sheds
and a cased kiln. The loess is used to make an ordinary
building brick. Near this plant brick were formerly made by
hand from the alluvium of the bottom land.

At Coon Rapids, between the station and the southern
boundary of the county, Mr. I&. Gibbons formerly ran a small
hand brick yard. A short-grained brick of rather light color
was made.

WATER SUPPLIES.
SURFACE WATERS.

The rainfall of Carroll county is abundant. The annual
precipitation in 1897 was 28.80 inches at Carroll.* The
immature drainage of the Wisconsin drift plain allows a con-
siderable amount of this water to stand on the surface, and
occasional small lakes and ponds afford convenient storage
reservoirs. Outside of this area ponds can only be made by
artificially damming some small stream or draw. Thestreams
themselves, where they have cut below water level, carry
abundant water for stock purposes. Many large stock farms,
however, are supplied by means of wells and windmills. Dug
wells are usually shallow and draw their supply from the base

*Rept. Iowa Weather Service, 1897,
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of the loess or from the upper part of the drift. The stock
wells are, however, usually drilled and reach deeper horizons.
There seems to be no very general water horizon, but at
varying depths, from 100 to 300 feet, beds of gravel are found
in the drift. These are of irregular distribution but are good
water horizons. A few of the wells in the western part of the
county pass entirely through the drift and into the Cretaceous.
The creamery well at Arcadia is an example. This well is
430 feet deep, the well head being at 1,430 A. T., and the
sandstone being found at 130 feet. An abundant supply of
excellent water is found. The creamery well at Mt. Carmel
is said to be 260 feet deep and to end in gravel. South of Mt.
Carmel there are several wells from 200 to 300 feet in depth.
In the northwest of the northwest of section 11 is a well
reported to be 305 feet deep, and in the southwest of the
southeast, section 3, is one of 250 feet.

ARTESIAN WIELLS.

There are no deep artesian wells in the county, but there
are several shallow flowing wells which may perhaps be
included under the title artesian. There is an area showing
such wells east of Coon Rapids. The old drift-filled valley,
previously noted as running through Union township, includes
most of these. They are located on the accompanying map.
The Hoffman well has been running for eleven years. It
throws a vigorous stream from a two-inch pipe, and a small
artificial lake has been made by the overflow. The well is at
the foot of the slope into the old valley, and the well head is
at 1,115 A. T. The Tom Campbell, John Glenn, and Henry
George wells are in the neighborhood. In Coon Rapids itself
is the Robertson & Martin well. Some of these wells go
down to the level of the Dakota sandstone, but they do not
seem actually to penetrate it. The hypothesis that they
draw their supplies from the source is negatived by this and
the further fact that the upper portion of the sandstone is not
known to be especially aqueous in this region. Apparently
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Fra. 11, Sketeh map, locating old river valley and artesian wells near Coon Rapids; 1, Hoffman
well; 2, Campbell well; 3, Glenn well; 4, George well; 5, Robertson & Martin well.

the wells are entirely similar to the local flowing wells com-
mon in Greene, Story and Guthrie counties.” These draw their
supplies from the drift. Local gravel beds, or in the latter
case, a buried loess forms the aquifer. The latter is probably
the source of water in some of the Coon Rapids wells, while
others are doubtless supplied by the old river gravels now
buried beneath the drift. 1t is to be expected that more flow-
ing wells will be found in the area covered by the Wisconsin
drift, particularly near the moraine. The wells will, however,
all be shallow. The deeper horizons, the various Paleozoic
sandstones which supply the wells of northeastern Iowa,t

*Towa Geol. Surv., vol. VI, pp. 483-456.
+*Norton: .Artesian wells, lowa Geol. Surv., vol. VI, 113-425.
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may in time be drawn on for water, but they will not afford
flowing wells in this county.

SOILS.

The soils of Carroll county are of two general types, cor-
responding -to the two drift sheets that occur in the area.
In the northeast, in the region covered by the Wisconsin
drift, is a typical drift soil. The upper six to twelve inches
is usually composed of a fine black loam or sandy material.
This material is usually coarser in texture than theloess of the
southwestern portion of the county, and is accordingly often
spoken of as the sandy soil, as distinguished from a loam,
which term is locally more usually applied to the loess. The
latter covers all the region south and west of the Altamont
moraine, as marked on the accompanying map. It is a buff
to yellow, fine pebbleless material, and is usually mixed with
humus in its upper portion. The black soil is not ordinarily
as deep over the loess as over the drift, except in cases of
secondary wash. The loess found here is intermediate in
type between the fine, pulvurent, dust-like material found
along the Missouri and the stiff clays found in southern Iowa
and northern Missouri. It stands dry seasons excellently and
does not bake. The homogeneous texture of the loess gives
it important advantages as a soil. The air spaces in it are so
evenly divided that the tension of the water is equalized
throughout the mass and the plants accordingly receive an
even, regular supply of moisture.

Both the drift and the loess soils of the county are rich and
largely productive. The drift-covered farms have the advan-
tage of a more level surface, but face the difficulties of
numerous surface bowlders and the common necessity for
artificial drainage. The farms in the loess region have no
difficulty in the matter of drainage or bowlders, but, on the
other hand, the erosion of the region has been so vigorous
that steep slopes interfere to some extent with easy cultiva-
tion of the ground.
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Samples of the various soils as found in the county have
been taken and are now in the hands of the chemist for analy-
sis. It was hoped thatat least the preliminary results might
be included in this report, but that has proven impossible, so-
that the matter must wait for the fuller discussion of the soils.
of the state now in preparation.
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INTRODUCTION.

Humboldt county belongs to that group of Iowa counties
known in the various publications of the state as north-cen-
tral. It lies in the third tier of counties south of the Minne-
sota line and is almost equally distant from the Missouri and
Mississippi rivers, some twenty-five or thirty miles nearer the
former. stream. The surface is an almost perfect plain; the
highest elevation within its limits rises not more than thirty
or forty feet above the general level. Nevertheless the west
side of the county, as at (zilmore, is higher by about 100 feet
than the eastern, and the north side is likewise higher than
the south, so that the general drainage, as effected by streams,
is from the north and the west. The only streams of any
importance are the forks of the Des Moines river with their
tributaries. These occupy comparatively narrow channels,
cut down from twenty to seventy feet below the level of the
general plateau. To the early pioneer the whole county must
have appeared an absolute plain—a prairie, covered with
grass and flowers, dotted everywhere by unnumbered lakes,
or marshes, darkened by their sombre-tinted vegetation,
varied with woodland only within the narrow limits of the
flood-plains of the streams. Now the whole landscape is that
of a cultivated field, adorned on every side with grove and
orchard; the ponds and lakes have vanished, or show as mere
depressions, where waving harvests of wheat and corn attest
the marvelous fertility of the prairie soil. The native woods
have been, in large measure, still preserved, at least in area,
and, thickened by a growth unchecked by fire, they border

11 G Rep 113
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the river channel in many localities much as of yore, con-
tributing wonderfully to the general beauty and attractive-
ness of this fortunate county. Owing to causes to be set
forth by some future student of the political history of the
state, the county is among the smallest, includes but twelve
congressional townships, while most counties of the state
have sixteen and many, twenty. Kossuth, to the north, has
twenty-eight, Webster, to the south, twenty, and Wright and
Pocahontas, to the east and west respectively, have each
sixteen. Nevertheless, within these narrow limits Humboldt
county does not lack biologic, geologic and topographic
problems of peculiar interest. These will come out as occa-
sion offers, in the pages to follow. The lack of coal in the
county and the scantiness of rock exposure have combined to
make this county hitherto less attractive to those sent by the
state to report on her resources. Prof. James Hall, whose
name will be forever associated with all the geologic science
of his country, studied Iowa, it is true, but never saw the
northwest counties. Worthen, in 1356, under Hall’s direc-
tion, followed the Des Moines river and proceeded as far as
Fort Dodge.” Dr. White, who, as state geologist, succeeded
Hall, visited Humboldt county in 1867, remained for a few
days only and made a hasty examination of its rocks and soils.
His report, published in 1869-70, is still the only account we
have been able to find of the problem before us.t Dr. White
visited the exposures in the town of Humboldt along the bank
of the river, the oolitic beds, the point known since as Dr.
Welch’s quarry, of which he gives a section, the exposures at
Rutland, and certain exposures just west of the Humboldt
county line, in Pocahontas county, on Lizard creek. From a
mere cursory examination, Dr. White recognized in general,
the true stratigraphy of the rocks he saw, and pointed out
the fact that their character did not lend much encourage-

*Hall, Geology of Iowa, vol. L p. 147,
+Rept. on the Geol. Surv. of the State of Iowa, by Charles A. White, M. D., vol. [, pp. 148
199; vol. I, pp. 243-245.
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ment to those who even then were seeking coal within the
limits of the county.

PHYSIOGRAPHY.
TOPOGRAPHY.

The topography or surface character of Humboldt county
is, as already stated, for the most part extremely simple.
Nevertheless, its very simplicity must be explained, and for
thorough explanation, as men look at such problems to-day, it
requires the consideration and study of not less than three
determining factors; these are the Kansan drift, the succeed-
ing Wisconsin drift, and the erosion effected by the Des
Moines river and its branches and tributaries.

The Wisconsin drift,—for so we name the latest surface
deposit by which the entire north-central portion of Towa has
been more or less completely covered,—has been so thor-
oughly described elsewhere in these reports® that simple
mention would seem perhaps sufficient here. To the Wiscon-
sin drift we owe the peculiarly level upland so characteristic
of the county. To the same deposit belong, as a distinguish-
ing character, the thousand diminutive, cireular lakes or pools
which mark everywhere the open prairie; nor less in the
southern and eastern townships the uundrained swamps and
peat-beds, until recently, so uninviting to the farmer; as,
also, the larger lakes that once lent their sheen to the beauty
of the landscape. Indeed, almost the entire topography is
typical Wisconsin, recognizable from the car windows by the
intelligent passing tourist.

Not only is the surface drainage of the county thus imper-
fect, incomplete, but the erosion effected by the smaller
streams is in many places likewise peculiar, indicating in
unexpected places the comparative newness of the process.
For instance, the banks of the Des Moines in Beaver town-
ship and elsewhere show, instead of the usual tributary val-
leys, singular precipitous ravines cut almost perpendicularly

*See, of the present serles, [owa Geol. Surv, vol. VI, pp. 431-476.
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into the body of the drift. These extend back from the river
only the shortest distance, sometimes failing to reach the
margin of a marsh or lakelet lying only a few rods distant.
The processes of erosion here, as such things go, are plainly
new and recent.

But, however striking such features of Humboldt topog-
raphy may thus appear, there are some others that are still
more remarkable. A moving glacier is nothing if not a gigan-
tic plane which tends to obliterate completely all surtace
irregularities and to leave just such a landscape as has been
described. But to do its work completely the amount of drift
carried by the glacier must be large; enough, practically, to
fill up the depressions of the topography pre-existing. In the
case before us that condition failed. The amount of detritus
carried down was small. In Humboldt county the Wisconsin
drift-sheet is remarkable for its thinness. Notwithstanding
the fact, therefore, that for the county as a whole the Wis-
consin determines the dominant landscape type, there are,
nevertheless, numerous special localities in which the deposit
is either entirely wanting or so thin, so very thin, as hardly
to affect the topography upon which it came. It is but a veil,
through which an earlier, older sculpture exhibits still its
ancient features. This older topography is that of the Kan-
san drift, carved by all the erosion which everywhere mark
that time-worn stratum. The hills in Humboldt county in
general, except as otherwise noted, may be said to represent
the pre-Wisconsin or Kansan surface. Those near the mouth
of Bloody creek may be taken as example, stretching back
northwesterly, with long, low valleys between them. The
steep river banks everywhere, such as that near the bridge
on the east side of the Itast Fork, in section 10 of Grove town-
ship, or that immediately south of the railway tracks in sec-
tion 24, Corinth township, are Kansan, and have, in all proba-
bility, suffered little change in all the years since floods from
retreating Kansan ice-fields passed down the valleys. The
ridge north of ‘“Owl lake’ is Kansan with a veneer of Wis-
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consin on its steep northern declivity. There are even a few
scattered hills (or kames?) in the western part of the county
probably referable to the same formation. The highest noted
is in Corinth township, Nw. qr., Nw. 1, Sec. 4. This is a
gravel knoll, ecapped by Wisconsin bowlders. It seems to
bear no relation to the local drainage system, but the gravel,
though not freshly exposed, may be put down as Kansan,
judging from what is observed elsewhere. Further details
will be given later, when we come to discuss the Kansan drift
as such.

As referable to glacial action it remains to mention one
further topographic feature marking the surface of Humboldt
county. This is a low ridge, generally breaking off rather
abruptly on the south, extending east and west across the
northern half of the county. To be more explicit the high-
land referred to is traceable from Wacousta through Delana
and across Grove and Humboldt townships; it forms the divide
between Bloody and Trullinger creeks: rises abruptly just
north of Hardy and forms the plateau on which stands the
town of Renwick. This highland carries up the general level
of this part of the county some twenty or thirty feet and
seems to be morainic in character; referable probably to the
retreat ot the Wisconsin ice. _

The third factor to be considered in discussing the topog-
raphy of Humboldt county, is erosion, as effected by the
principal streams. :

The two principal branches or forks of the Des Moines
river meet to form the main stream near the southern bound-
ary of the county. The East Fork enters almost exactly at
the center of the north line of the county, bends slightly to
the east, and flowing southwardly turns west at length to
meet the West Ifork at a point almost directly south of the
point of entrance first mentioned: so that the Kast Fork
divides the county from north to south into two almost equal
sections. For nearly its entire course through the county
the East Fork flows above sandy bottoms. There are norock
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exposures until we reach the south line of Grove township
where the stream cuts into the St. Louis limestone, as will be
hereafter noted. The valley of the East Fork is narrow, its
banks often low and wooded, the erosion of its flood-plains
referable in some places at least to waters from the Kansan
ice. A good illustration is seen near the town of Livermore.
The flat land on the west side of the river is the old Kansan
flood-plain, while the hill east of the bridge is a steep bank of
Kansan gravel covered by a veneer of Wisconsin drift. The
situation is much like that often observed in the loess-covered
regions farther south, with the exception that the Wisconsin
here takes the place of the loess.

FiG. 12. View of the West Fork Des Moines river, near Humboldt, showing bowlders
in river channel.

The West I'ork enters the county near its northwest corner,
follows the county line southwardly for about one mile, then
turns west into Pocahontas county, only to reappear and
re-enter Humboldt county five or six miles further south, at
Bradgate. The course of this stream, unlike that of the East
Fork, is everywhere marked by rock-exposures; the channel
is almost uniformly rock-paved and strewn with granite
bowlders from the drift, so abundant as to suggest some New
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England mountain channel, rather than the quiet, creeping
river of the level prairie (Fig. 12). The sides of the stream
are limited by rocky walls which become more and more
picturesque, more and more prominent topographic characters,
as we pass east and south. The banks are, therefore, gen-
erally well defined; floods seldom rise above them, and the
valley across which the present channel passes, now to this
side, now to the other, seems old and long unflooded. In
fact, the flood plain, nowhere wide, perhaps less than a mile
at its widest point, southwest of Rutland. shows everywhere
a shallow deposit of sand and gravel referable again to the
Kansan drift, with only here and there a scattered bowlder
or group of bowlders, to indicate that ever the Wisconsin had
come and gone. It is difficult to reconcile the situation thus
described with our pre-conceived notions of glacial activity.
It may be, however, suggested, that the on-coming of the
Wisconsin ice was slcw; the valleys in question were slowly
filled, while later accumulations, moving southwards, passed
over the valleys entirely. At any rate, the later ice-sheet in
many parts of the Humboldt county valleys, seems hardly to
have moved at all, and in such places the deposits of drift are
insignificant.

The secondary streams of the county present few topo-
graphic features of special interest. They are in general
typical prairie streams, with shallow channels, low gradient,
and accordingly show erosive characters only as they near
the flood-plain of the receiving rivers, as already mentioned
in the case of Beaver creek and Bloody run. The principal
secondary stream of the county is Lott’s ereek, which, with
its tributary Trullinger, drains the northern part of Delana
township, and is reported to be a perennial stream, especially
below its junetion with Trullinger. Lott’s creek empties into
the Kast Fork just north of the town of Livermore, and its
banks, especially west of that village, exhibit the character-
istics already described as forming a Kansan landscape.
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DRAINAGE.

As already intimated the drainage of the county, as effected
by natural channels, is quite imperfect. The general slope of
the west half of the county is from west to east. Gilmore is
more than a hundred feet higher than Dakota City; the east
half shows little variation, is almost level, with only a slight
fall toward the Des Moines river to the southwest, and toward
the Boone river to the southeast. The early settlers occu-
pied - the higher ground to the north and west, leaving the
great swamps of the east and south as a problem for later
comers. It is hardly necessary to say that the problem has
been quite effectively solved. Ditches and tile drains have
worked marvels, and will no doubt eventually bring almost
the entire prairie under the plow. IEven considerable
lakes, respected of the United States surveyor, which might
have remained to lend charm and attractiveness to the other-
wise monotonous landscape, have yielded to the spirit of con-
quest which would bring every foot of nature’s domain under
man’s control. Owl lake seems to have been a beautiful and
permanent sheet of water, covering several hundred acres,
ten or fifteen feet deep, bordered by beautiful groves of native
trees. In draining a great marsh which lay to the south, and
which, if reports are true, might better have found outlet by
Beaver creek, Owl lake was put in the line of the ditch, and
the waters from both regions carried into Boone river. The
fact illustrates well the topography of this part of the county;
the drainage canal might have gone at least equally well east
or west, and there is not in either direction sufficient fall to
have brought about natural drainage. The drift is, in the
neighborhood, very deep. A well, wholly in the drift, near
the south margin of the lake-bed, is 118 feet deep. The
water rises from beneath a bed of organic matter, which
doubtless represents here the pre-Kansan surface forest-bed.
A well in the middle of the former bed of Owl lake is said to
be sixty feet deep.
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Drainage by ditches is, however, characteristic rather of
the eastern and southern portion of the county. The west-
ern. and especially the central townships, exhibit a very
different system, in some of its features unique. The lime-
stone which underlies the region now in question appears to
be full of fissures, and as a result we have subterranean drain-
age. In numerous places, instead of the ordinary lakelet or
pond characteristic of the Wisconsin drift, we have a sink-
hole. The lakelets (‘‘ kettle-holes’’) are not wanting; but the
great majority of them leak, and drain effectively the contig-
uvous lands. Within the past few years the farmers, taking
their cue from the natural state of affairs, have begun boring
holes in the bottoms of the marshes or lakes not having such
outlets by nature. It is found that a well deep enough to
furnish an inexhaustible supply of water will also, on the
other hand, receive any amount of water that may be poured
into it, and deep-well drainage has become a singular char-
acteristic of the agriculture of Humboldt county. Once a
well is sunk in some particular slough, other wet acres in the
neighborhood are, by tiling, brought into connection, so that
sometimes a single well will drain a very large area, several
hundred acres. Inevery case, of course, the well must reach
an aquifer, or water-bearing stratum. The depth to which
such wells are sunk varies but little in a given area; the aver-
age depth of a large number sunk by Mr. Charles De Groote
is about 100 teet. On the other hand a well sunk in the town
of Humboldt, to drain the stone quarry operated there, is 185
feet deep, and inefficient. Drainage wells are five inches in
diameter, cased from the surface to the rock, and often with-
out so much as a screen at the top. Soil, sand, clay, and
detritus of all sorts seem to be received with impunity. The
propriety of sending the discharge of unfiltered surface waters
into the water couches that must supply at the same time the
wells and springs of the county, is, perhaps, a matter that will
one day merit consideration at the hands of the sanitary
engineer.



122 GEOLOGY OF HUMBOLDT COUNTY.

STRATIGRAPHY.
Formations Represented.

The geological formations represented in Humboldt county
are not numerous, and yet more so than one might at first
suppose. Here and there within the county appear the edges
(outlying traces) of several of the paleozoic formations that
are well developed, and well exposed further to the south.
In general, however, vast beds of drift cover all the older
formations of Humboldt county, removing them entirely from
ordinary exploration, leaving us to guess the extent of their
presence from the few exposures along the rivers, where
recent erosion has uncovered for a little way these ancient
layers. Sometimes, also, the comminuted drill-chips, pre-
served by an intelligent well-digger, are brought to our
assistance, but the data so obtained are not very helpful in
identification, and can do no more than confirm coneclusions
elsewhere more happily formulated. In any event the dis-
tance between exposures is, in the case before us, so great
that the identification of strata, on grounds lithological only,
becomes a matter of some uncertainty. Added to this there
is every indication that in the intervals of deposition the suc-
ceeding paleozoic strata suffered enormous erosion; every-
where is want of conformity, continuity, offering to the
student a problem of no little complexity. So far as at pres-
ent appears, the geological formations of Humboldt county
may be tabulated as follows:

Synoptical Table of Geological Formations.

GROUP. SYSTEM. SERIES. STAGE.

‘Wisconsin.

Buchanan gravels.

Cenozoie. Pleistocene. Glacial. | Kansan.

Aftonian?

Pre-Kansan?

| Upper Carbon- ®

¢ ines.
ilerous. Des Moine

Paleozoic. Carboniferous. |— = - - i
Lower Carbonifer- | Saint Louis.
ousor Mississippian. kinderhook.
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GEOLOGICAL FORMATIONS.
JARBONIFEROUS SYSTEM.

MISSISSIPPIAN SERIES.

KINDERHOOK LIMESTONE.

The Kinderhook limestone was recognized in Humboldt
county by Dr. White.* This observer, however, included
under the name all the stratified limestones of the region.
Facts now patent to every student, but inaccessible at the
time of Dr. White’s visit to the ecounty, make it plain that the
Kinderhook is really much more narrowly limited than was at
first supposed, and is in fact represented by the lowest strata
only of the Humboldt county limestones. For its identifica-
tion we must depend upon lithological characters chiefly;
organic remains being few and poorly preserved. But the
beds in question are oolitic, and in this respect resemble beds
of recognized Kinderhook age in Des Moines and Mar-
shall counties. Besides, the organic remains, such as they
are, are undoubtedly such as characterize the Kinderhook
strata of Illinois, where these were first described. In the
University ge'ological collections may be seen Loxonema yan-
dellana Hall?, Straparolius macromphalus Winchell, S. obtuss
Hall, 8. planispira Hall?, Omphalotrochus springvalensis White,
Bellerophon sublaevis Hall, a small Allorisma and some other
undetermined species. These specimens are from the Hum-
boldt beds of oolite, and were deposited at the University by
Dr. Clark, of Humboldt, who collected them.

Oolite limestone, as the name suggests, is composed in large
part of minute ovate, or egg-shaped calcareous grains or
granules, held together by a cement or matrix of similar
material. The granules show a concentric structure, and
seem to have been formed from what may be termed calcare-
ous sand, each grain first rounded by attrition, then coated
by successive layers of lime precipitated from solution.

*Geology of lowa, by Dr. Charles A. White, vol II, pp. 244-345. I870.
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Oolite is forming to-day along many tropical shores. The
process takes place chiefly in the littoral zone, between high
and low tide, wherever the beach is covered with fine calcare-
ous sand. Such sands originate along the beaches of low
islands, or other land areas that send no gross products of
mechanical erosion to the sea, provided the adjacent sea bot-
toms support coral reefs or other profuse growth of lime-
secreting organisms. Waves pound to pieces the structures
reared by living forms; and the fine calcareous grains to
which these structures are evidently reduced, are strewn
over the sea bottom up to the limits of high tide. Winds may
carry them inland and pile them up in heaps and wreaths, far
beyond the limits of tidal movements: but between tide-marks
the grains are alternately moistened and dried, a pellicle of
lime carbonate is left upon each calcareous sand grain as a
result of evaporation of the saturated sea water, the grains
grow by accretion after each retreating tide, and are at length
converted into the perfectly rounded ooliths that give char-
acter to this particular type of limestone. The very processes,
however, which produce calcareous sand, would destroy as
well the remains of all forms of living things, and the paucity
of fossils is, perhaps, in this way explained.

lixposures of Kinderhook limestone occur at intervals along
the banks of the west fork of the Des Moines river, from
Humboldt city to Rutland. Within these limits the rock
varies in character, very often and very much. These vari-
ations depend upon ‘the relative amounts of cement and
oolitic material present in the several cases. Thus the rocks
by the river at Humboldt, near the abandoned limekiln, show
the following section:

FEET.
6. Drift, with gravel and rotten bowlders.............. 1-2
5. Traces of ferruginous sandstone..................... 1
4. Oolite; the ooliths fewer, irregular, uneven: the rock
COYRURLIIR 6 7l trmilin it s wluibeto L st - o ) e T Hoett 2
3. Oolite: the ooliths of great uniformity, comprising
nearly the whole mass of thestone................ 8-10
2. Oolite; the granules of uneven size, irregular........ 2

1. Fine-grained ' lithographic’ limestone, of unknown
thickness, at the water’s edge.
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The term lithographic, as here used, was employed by
Worthen® in describing what is deemed a similar rock in the
Kinderhook of Missouri and Illinois. The rock is an exceed-
ingly hard, fine-grained limestone, of a pale drab or bluish-
gray color, breaking with irregular, angular or conchoidal
fracture and remarkably smooth surface. It appears to have
been laid down in deep water, is only rarely fossiliferous, and
is composed entirely of only the finest sort of calecareous
detritus. In its pure form this kind of rock occurs again and

Fig 13. Exposure of Limestone near Rutland—probably Kinderhook.

again in the Saint Louis beds, as we shall presently show; in
the Kinderhook it seems to be affected generally with oolitic
concretions. ;

The oolite in the vicinity of Humboldt affords beautiful
illustrations of rock of its type, but the beds exposed are of
very limited extent. Along the river front they are traceable
for a short distance only, within the city limits, and are well
seen where the rock has been extensively used for lime-burn-
ing. North of the town, in a field adjoining, on the east, the
city cemetery, is a small quarry of oolitic stone, but here the

*Geol of Illinols, vol. I, p. 114
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oolites are much larger, and the rock of coarser texture. In
fact as we go north and west from Humboldt the oolites
become larger. At the same time they become fewer in pro-
portion to amount of cement material present, until they
cease to be a conspicuous feature of the rock at all. The
conditions of rock formation seem to have varied everywhere
within a short distance.

At Rutland, along the south bank of the river, is one of the
most conspicuous rock exposures in the county (see figure 13).
The strata here are also believed to be Kinderhook, and prob-
ably correspond to the lower beds in the Humboldt section.
The beds are nearly horizontal, dip perhaps a little to the
east, may be followed for about half a mile eastward where
they disappear, probably having been removed by pre-Carbon-
iferous erosion. Westward the same beds may be traced for
some distance along the stream, but are replaced by Saint
Louis at the water’s edge in section 23 of Avery township.
South of Rutland there are outcrops of the same rock here
and there on the old flood-plain of the river, especially in the
northeast quarter of section 30, in Rutland township. The

Fra. 14  Kinderhook opposite Rutland—to show mode of weathering.
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Rutland limestone is not bedded, at least not evidently, it
checks and cracks in all directions on exposure to the weather
(see figure 14). The rock is, nevertheless, very hard, and
erosion proceeds but slowly. Under the lens very large
ooliths, or pisoliths, appear, from a quarter of an inch to half
an inch in diameter, but no traces of organic remains were
discovered. The total thickness of these rocks, as exposed
at Rutland bridge, is about twenty feet.

SAINT LOUIS LIMESTONE.

Exposures of rock provisionally referred to the Saint Louis
age occur in Humboldt county from the mouth of Beaver
creek, near the south line of the county, north to Humboldt,
and west to Bradgate. All the exposures visited are situated
in the valley of the Des Moines river, and have been uncov-
ered by erosion effected by that stream or its tributaries.
For determinations of the horizon of these exposures we must
again be guided by characters lithological, and by strati-
graphical position; no fossils are discoverable to guide us in
our researches. Unfortunately, too, the rocks in question
occupy a position which everywhere marks a period of transi-
tion, between the two great series of the Carboniferous
system; they are accordingly mixed in character. In the
same quarry we have sandstones, or arenaceous limestones,
evenly bedded limestones, lithographic limestone, generally
in thin, hard seams, pockets of shale and clay. Noris lacking
the peculiar brececiated limestone which, in all other western
localities, is held to be a sign of the Saint Louis stage.

Notwithstanding all this diversity the various exposures
visited are in general consistent with each other; their strata
are. in the main, comparable and lie all above the oolite, and
where contact can be observed are plainly unconformable
with it.

An exposure along the east bank of the river, near the
south line of the county, shows the section following:
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FEET.
10. Drift, probably Kanpsan covered by Wisconsin; sev-
eral feet.
9. Traces of Des Moines sandstone........ ............ 6-7

8. Thin layers of arenacecus-calcareous rock........ . 6-10
7. Irregular, heavy-bedded limestone, containing angu-

lar fragments of lithographic rock........ ...... o~
6. Shale, with pockets of clay; of variable thickness.
5. A thin parting layer, very hard, dense limestone. 4
4. Regularly bedded limestones, more or less arenace-

-1

(1Y o7 010 ) PR AN S RPN P SN e T 2
3. Regularly bedded limestones, some lithographic;
%00 1 A R PRGN . MWL IS0 7 L TP, S 2

2. Talus covering the layers to the water’s edge, say.. 4

1. Soft, whitish or bluish limestone in the bed of the
river. On exposure turns brown or yellow, and
washes readily under the rain. Occurs in layers
six or eight inches thick, and is said to overlie
blue shales.

Bed number 1, in the above section, has been extensively
quarried from the river channel, and used in construction of
dwellings in the vicinity. It is said to be white when
fresh, and is easily worked. On exposure to the weather it
assumes a yellow color and a chalky surface. The succeeding
layers up to number 5 are, as far as observed, alternating
beds of lithographic stone and rock of softer texture. That
called lithographic corresponds with rock so named in other
exposures, is exceedingly hard, fine-grained, breaking with
angular, somewhat conchoidal fracture. Number 6 is shale
passing into clay, and varies in thickness from two to eight-
een inches. Number 7 is the most characteristic and clearly
defined member of the whole series. Tt occursin layers three
to four feet thick, unevenly bedded, more or less brecciated,
and breaks off in large blocks as undermined by the erosion
of the thinner beds below. On the east side of the river this
particular layer may be traced to near the mouth of Beaver
creek; it is probably represented by the heavy upper rocks
exposed east of the bridge over Beaver creek, in section 52
of Beaver township, and again appears in connection with
exposures along the east fork, in section 31 of Grove town-
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ship. The same rock appears also at one or two points on
the west bank of the Des Moines, as in section 31, Beaver
township.

From the point last mentioned, northward, the lime rocks
in question are seen no more until we reach the south limits
of the town of Humboldt. Any limestones that may have
occupied the interval have been completely removed by
erosion, and their place supplied by drift or deposits of sand-
stones and shales representing the Des Moines stage.

On the river bank, near the fair grounds, a quarry has been
opened which shows an unevenly-bedded blue limestone
affording abundant evidence of flexure, and dipping rapidly
southward under the black shales of the coal measures. Near
the mill on the east fork, east of Dakota, is another exposure
of similar limestone, associated with beds of shale and clays.
Both these exposures represent beds below number 7 of the
section on page 128.

A very much more satisfactory view of these particular
strata is obtained at Dr. Welch’s quarry in section 31 of Grove
township, above referred to. Here we have an exposure of
some sixteen or eighteen feet. Heavy, rather evenly-bedded
limestone at the bottom, yields a superior quality of quarry
stone. It is impossible at present to determine the thickness
of these beds; the exposure at present reveals no more than
two or three feet. Above comes a course of shale followed
by other courses of thin-bedded limestone, the first of which,
about seven feet up, is lithographic. The courses above the
lithographic seam show traces of oolite. At length appear
sandy fragments, probably of the Des Moines, capped by
Kansan drift, one or two feet in thickness. The eastern end
of the exposure, only a short distance east, demonstrates the
unreliable nature of these strata, and the instability of the
earth’s erust during the period in which they were laid down.
Here the strata of limestone pass into beds of twisted, con-
torted shale, mingled with blocks of sandstone, loose pieces

12 G Rep
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of limestone, angular fragments, imbedded in clay. KEven the
best defined strata are traceable for a short distance only.
Similar rock underlies nearly all of the western part of the
city of Humboldt. An exposure is seen in Mr. Bull’s quarry
near the center of the town. Here we have the section fol-
lowing:
FEET.

3. Kansan drift, with bowlders, soil, ete................. 1-2
2. Thin-bedded, ilinty layers of limestone, passing into
do. ek gl TP S SRR FE TP, e S Y e 2

1. Evenly-bedded, blue limestone, of variable texture.. 6

Number 1 rests unconformably upon subjacent limestone
rock, and is evidently here, if our conclusions are right, the
lowest member of the Saint Louis stage. The uneven floor of
the Humboldt quarry is the eroded upper surface of the Kin-
derhook. The limestone is in some places shaly, but at its
best is of good quality, dark blue in color, weathering to buff
or pale yellow. Itisin many places much seamed by vertical
fissures of greater or less extent. In some instances these
are packed with crystalline calcite; in other cases the rock is
simply oxidized and discolored for the depth of an ineh or two
on each side of the fissure. Number 2 is variable in the
extreme, and apparently valueless.

Other exposures, which we refer to the Saint Louis horizon,
are found in the so-called ‘‘sandstone quarry’ in Rutland,
and in Mr. Finch’s quarry, at the river’s edge, in the Sw. qr.
of Ne. 1, Sec. 23, Avery township. The same rock crops out
at the water’s edge for the last time on the west fork, just
below the bridge, in the Ne. gr. of Nw. i, Sec. 17, Avery
township. Loose rocks of the same character cover the bot-
tom of the present river channel, from the point last named
eastward, nearly to the town of Rutland. Some of the expo-
sures mentioned show, in more or less abundance, the curious
structure called, by Worthen,* erystallites. There is probably
nothing of erystalline nature about these formations. They
resemble crystals in form only, are like the casts of crystals,

*Geology of Lllinois, vol, [, pp. 1153-116.
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but more probably represent slight faults in the material of
the rock, faults formed while the material was as yet plastic.
The axis of the crystallite is always perpendicular, or nearly
so, to the plane of bedding. These forms are now known as
Stylolites.

At various points in Weaver township, as in the Ne. qr. of
Sec. 9, there are exposures of limestone rock which must be
considered here. These are mostly in the form of quarries,
originally sink-holes, which have been developed to meet the
local demand for rubble stone. From the exposure in section
9, just mentioned, a large amount of rock has been taken.
The quality seems to be excellent, and the bedding is such as
to make comparatively light the labor of the quarryman. The
rock is a rather coarse-grained, crystalline, encrinital lime-
stone, reminding one of rocks elsewhere referred to the
Augusta stage, unlike any seen anywhere in the river expo-
sures. Open sink-holes in this neighborhood show almost
everywhere rock of the same character, so that it is probable
that all the southwestern part of the county is underlain by
similar strata, except where removed by pre-glacial erosion.
In the town of Gilmore, for instance, a similar rock in the
northeast part of the village comes to the surface of the
ground, while a few rods west, the town well goes down sixty
feet before encountering rock at all. Nevertheless, we may
consider this peculiar encrinital limestone as the surface rock
for all that part of Humboldt county lying south of the west
fork, except the flood plains immediately adjacent to the
stream. The same rock extends far into Pocahontas county,
and is there exposed in precisely the same way. Thus in
Clinton township, in Pocahontas county, one mile west of
(Gilmore, and one and one-half miles north, is a sink-hole
quarry, which for years has been very extensively worked.
The Gilmore quarry presents the following section:
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FEET.

10. Alluvium, surface soil, etc...........coiin oo, .. 6
9. Coarse sand and gravels, Buchanan gravel........... 3
8. Red clay and rotten bowlders of various sizes, repre-

senting the Kansan drift......................... 2-4
7. Heavy-bedded, coarse-grained limestone, crystalline,

[ojieais 3020 1) RECIRAEE S, S s AT . . o A« 20
6. DBlue shales, limestone and clay; very fossiliferous... 2
5. Lithographic limestone, much inclined to angular

i T LS BNl L gy e - R (S g P 13
4. Heavy-bedded, fine-grained limestone, no fossils. . ... 3
3. Shaly, thin-bedded limestones, with few fossils...... 1
2. Coarse-grained, fossiliferous limestone, containing

fragments of No. 1, but separated from it by a
g A AT T T S R A L el P R 1
1. Lithographic limestone, fine-grained, and very hard 2

If we may judge from characters lithological chiefly, and
from comparative position, the surface rock of the southwest
part of Humboldt county is identical with number 7 in the
above table. The strata exposed in the Gilmore quarry are
the only beds above the oolite which contain fossils suffi-
ciently well preserved to give the student any assistance in
determining the geologic horizon. But the fossils in this, our
only locality, are poor; those of the limestone imbedded so
firmly as to be difficult of extraction, those of the shale frag-
mentary, flattened and generally imperfect, though very
abundant. Long and patient search will be required to
secure anything like a satisfactory series. The specimens
collected were sent to Mr. Stuart Weller, of Chicago, and
identified in part as follows: Zumetria vernewilana, Athyris
subquadrata (?), Spirifer increbrescens (?), Rhynchonella—Sp.
Concerning their horizon or geologic age, Mr. Weller says:
‘““All these forms indicate a younger age than the Osage, or
Augusta, as some prefer to call it, and T think they can safely
be referred to the Saint Louis."”’

This accords entirely with the view we have expressed as
to the age of the upper formations in the southern part of the
county, as at Humboldt and Beaver creek. The strata
exposed in Dr. Weleh’s quarry, for instance, are the equiva-
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lent of the very lowest beds in the Gilmore quarry, or, more
likely, of beds still lower down. This conclusion accords
likewise with the topographic evidence. The difference in
level between the river channel at Bradgate and the Gilmore
quarry is at least twenty-five feet; 7. e., the last exposure at
the river, supposing the strata level, is still thirty or more
feet below the bottom of the Gilmore quarry. The encrinital
limestones of the Gilmore quarry, and of Weaver township,
resemble very much in texture the limestones long known in
Towa geology as Burlington, but the reference of the Gilmore
shales to the Saint Louis in so far excludes the Burlington
from our problem.

UpPPER CARBONIFEROUS.
DES MOINES.

There is every reason to believe that the Saint Louis strata
were no sooner deposited than they became forthwith subject
to long continued and enormous erosion. The scant deposits
which we have been tracing along the rivers, from the county
line north to Humboldt, Rutland and Bradgate, are doubtless
but remnants of beds once continuous over the entire region,
and possessed of thickness possibly only partially indicated
by the piled up strata of the Gilmore quarry. The valleys
and irregularities, left as a result of erosion, are now in gen-
eral buried beneath various sheets of drift; some of them,
however, were filled long ages before by the sand and shales
of Carboniferous waters. One such erosion valley lies
immediately south of the town of Humboldt, and extends
nearly to the county line. In the southwest corner of the
Nw. qr. of the Se. { of Sec. 12, in Corinth township, is a lime-
stone quarry, as already stated, page 129. Within a few rods
south occur beds of black shade, and no more limestone
appears until near the mouth of Beaver creek, as heretofore
described. Along the east fork the situation is exactly the
same, and we have here an interval more than four miles in
extent occupied, so far as indurated rocks are concerned,
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wholly by sandstones and shales. These represent the upper
Carboniferous, and are apparently to be correlated with beds
of the Des Moines stage, abundantly exposed immediately
above the limestone along the river, south of the county line.
Here, again, our decision rests upon relative position and char-
acters purely lithological. Most of the material representing
the coal measures has also been carried off by long erosion,
so that the outcrops are nowhere important or extensive.
We may, however, trace them quite continuously along both
forks of the river, especially within the limits above described.
Beginning at the south, the first coal measure exposure
within the county is found on the west side of the river, in
the southwest quarter of section 29, in Beaver township.
The outcrop here is sufficiently remarkable to have long
attracted general attention. It is known as the ““ore bed”’
or ‘‘lava bed.” Contrary, however, to the generally received
opinion, the ‘‘ore beds” have probably never known heat
more intense than that of the Humboldt August sun. The
ore, however, is real; it is a form of hematite, iron ore con-
taining aluminum, traces of arsenic, zine and other impurities.
The following analysis made by Mr. T. E. Savage, at the
University laboratories, shows the content of our “lava™:

PER CENT.

I3+ g S T B TR A PN 0 et oy D D RT ALY 50.256
Silies, approalmatalys 2 iu el el o SR E PR OLE, 15
Aluminum, approximately.................... ....... 4
A1k T oy e e s i SRRl B, [T P Ny 57 SIS (A2 £ Trace
BT T el SRS T e (e A S e T B SR N met 1 VI Trace
Other substances, oxygen, etc., estimated............ 30

99.256

A similar ore is not uncommon in rocks of this horizon
throughout the world. In the particular case before us the
iron was doubtless brought down and deposited with the sand,
obtained from the waste and decomposition of older rocks not
far away. The sandstone so formed later became checked
and cracked in every direction, by slight local disturbances,
flexures, ete., while the contained iron was in part leached
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out in the presence of decomposing organic matter, only to be
redeposited as hematite where oxygen was abundant, as in
the cracks and fissures just referred to. Subsequent erosion
and washing of the sandstone left the hardier ore behind in
angular blocks and plates, box-like cavities, ete., the shape
determined by the fissures in which concentration originally
took place. The ore contains impurities of such character
and amount as to make it intractable, and these, together
with the small extent of the ore body, render it of little or no
value.

A characteristic exposure of Des Moines sandstone may be
seen on the east fork, in the southwest quarter of section 19,
Beaver township. Here the Minneapolis & St. Louis railway
crosses the stream, and the sandstone outcrop is sufficient in
extent and solidity to warrant its use to form the abutment
for the west end of the railway bridge. ™The rock is coarse,
heavy-bedded, hard, ferruginous, yellow, and furnishes the
best illustration seen in the county of the formation now con-
sidered. The same rock crops out along the river, on the
west bank, in the southeast quarter of section 18, Beaver
township, at the upper end of Riverside park, in the town of
Humboldt, and on the opposite side of the river, at various
points; also in the northeast quarter of section 34, Rutland
township.. At the point last mentioned the very ferruginous
coal measure sandstones are succeeded on the north by a bed
of remarkably clean, sharp, white sand, of unknown depth
and extent. This, though closely associated here with the
coal measure outcrop, represents evidently an entirely differ-
ent period of deposition, It is probably referable to the over-
lying Kansan, and is a most noteworthy deposit.

On the east side of the east fork, in the southeast quarter
of section 18, Beaver township, the Des Moines is repre-
sented low down along the water edge, and for some distance
up and down the stream, by the characteristic black shale of
the coal measures. This on the land of Mr. Hermanus Ket-
man was explored some years ago for coal. A drift was run
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in some distance from the river, and some imperfect shaly
coal seems to have been taken out, but the prospect was on
the whole unsatisfactory, and the work was soon abandoned.
On the west fork, in the southwest quarter of section 12, Cor-
inth township, within the limits of the incorporated town of
Humboldt, a similar exposure of shale occurs along the river.
This, also, was at one time the =ubject of experiment, and

several tons of coal are reported Lo have been taken out.
But the vein seems to have been iragmentary, the coal was
soon exhausted, and the enterpris: Mwas abandoned. At pres-
ent there are no exposures by which one can judge as to the

al character of this particular member of the coal bearing
series. The black shales seem to be capped by soft, sandy
material, which speedily weathers to rounded slopes, and the
whole surface in the localities mentioned is now grown over
with grass and shrubs, down to the water’s edge. In fact the
sandstones and shales of Humboldt county, so far as studied,
seem simply to fill up the erosion valleys of the older strata.
They are nowhere continuous for any great distance. They
are a part only of the northernmost edge of the productive
fields of Iowa, and it seems probable that any coal that may
onee have found place here was swept away Dby erosive
agencies, acting prior to and during the invasion of the Kan-
san or pre-Kansan ice.

From none of the exposures of coal-measure rocks and
shales were fossils collected. Fragmentary plant-remains
are said to have been encountered by those who explored for
coal, but no trace of these can now be found.

PLEISTOCENE SYSTEM.

The Pleistocene deposits in Humboldt county, as elsewhere
generally in Iowa, consist of sheets of drift, beds of gravel,
clay, sand, soil, alluvium, ete. Two distinet formations of such
deposits may everywhere be easily discovered, an upper and

a lower, or, as sometimes described, a younger and an older.
The younger, newer, deposits in Humboldt county belong to
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what has been already called in this report the Wisconsin
drift, the older to the Kansan.

KANSAN DRIPFT.

The vast body of all the soils, sands and clays, which
almost entirely bury the indurated rocks of Humboldt county,
belong to the Kansan age. IEven where the soil is thinnest,
and underlying limestones come nearest to the surface, even
there, remains of the work of the old Kansan ice sheet are not
lacking. From the reports of well diggers we may gather
that, in some parts of the county at least, a deposit older still
intervenes between the Kansan and the limestone rocks
below. Such deposits doubtless represent the famous pre-
Kansan formations revealed, with more or less clearness in
various parts of the state, elsewhere. Our data for Hum-
boldt county, however, are insufficient to justify more than
this simple mention, and in what follows we may consider all
the drift underlying the Wisconsin as Kansan.

In Humboldt, as elsewhere, the Kansan drift takes on dif-
ferent aspects, according as it has or has not been exposed to
the action of the elements. Originally in large part a blue
clay, where long exposed to the weather it becomes brown or
ferruginous. In many localities the upper portion of the
Kansan consists of beds of sands and gravels, and such
deposits are always reddish-brown in color, very unlike the
pale yellow of the overlying Wisconsin clay. It follows from
this that the natural exposures of the Kansan are brown,
while the same formation may and does furnish the blue clay
of the well digger. In the particular case before us the only
natural outerops of the Kansan occur along the river valleys,
as already intimated, and here they seem to represent the
drainage deposits left by the abundant south-flowing waters
of the retreating glacier; they are the Buchanan gravels and
alluvial sands. The sandy plains about Bradgate, the flat
valley opposite Rutland, the town site of Humboldt, the sandy
fields south of the mouth of Indian creek, all represent the
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old Kansan alluvium, over which the later drift passed like a
shadow, leaving only here and there the slightest impress.
On the other hand there are no finer exposures of Buchanan
gravel than may be seen in the gravel pits of the Minneapolis
& St. Louis railway, near the west end of the railroad bridge
across the east fork, or one half a mile further west, where
the gravel is excavated for road material to improve the pub-
liec highways. Similar exposures occur at several places
along the river valley in Beaver township, as near the center
of section 17, on the noyth side of Coon ereek, near the mouth,
in the northwest quarter of section 20, and even on the top of
the hill in the northwest quarter of section 30. In all these
cases we find the peculiar orange-brown, ferruginous, coarse
sand and gravel formed from decomposing pebbles, which are
to-day so near disintegration that they crumble in the fingers
of the collector.

The extent of these deposits is very difficult to estimate.
They probably underlie in considerable depth all the upland
south of Dakota City and between the two forks of the Des
Moines, south to their union. Reports of deep wells indicate
the presence of the gravels all over the western portion of
the county. At the Gilmore quarry there is an exposure of
the same deposits, about three or four feet in thickness, and
along the road running east and west immediately north of
the quarry there is a prominent ridge of sand and gravel,
referable to the same origin. The ridge north of what was
once Owl lake is also chiefly Buchanan gravels and wind-
driven sand.

Elsewhere our knowledge of the Kansan is limited to
reports of wells; but these uniformly report blue clay, in
greater or less thickness, below the Wisconsin or ‘‘gravel
dirt,”” so that we may reasonably infer the presence of the
Kansan drift over the whole county.

WISCONSIN DRIFT,

Except as noted, this is the surface deposit over the whole
county. It is generally pale yellow, almost white in color
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when dry, contains abundant calcareous pebbles, generally
small, but sometimes of considerable size, when they often
show to perfection the evidence of glacial planing. The
granite bowlders are also fresh, untouched by decomposition
or decay, generally of medium size, those of reddish color
predominating. The deposit is not only remarkable for uni-
formity of composition, but of distribution also. Nowhere
very thick, yet it covers the surface nearly everywhere, con-
forming generally very closely to the eroded features of the
underlying Kansan. Hillsides are often as well and evenly
covered as hilltops, showing that erosion since the Wisconsin
has been slight. For these reasons natural exposures of con-
tact between the two drift sheets are seldom to be observed.
One such, however, is at present shown near the mouth of
Coon creek, and one east of Rutland, just north of the ford on
the west fork. Railway cuttings and road gradings some-
times here serve the purpose of the student, but unhappily in
Humboldt county there is little grading of any kind necessary,
and artificial exposures are not numerous. The railroad cuts
immediately north of Humboldt show fine exposures of Wis-
consin, here probably twenty feet in thickness. When fresh
these excavations probably revealed the contact in question,
but at present, in consequence of erosion from rains, all such
features are obliterated. An exposure of typical Wisconsin
may be seen immediately south of Rutland, where the road
leading south has recently been graded, directly up the face
of the hill. Similar exposures are thus in evidence in various
parts of the county. I'rom what may be observed in cuttings,
and from well records, the thickness of the Wisconsin prob-
ably nowhere in this county exceeds fifteen or twenty feet,
and is often very much less. 1t is but a thin veneer, as said
before, everywhere immediately capping the Kansan. At
Livermore, at the site of the town well, the surface clay does
not exceed two feet in thickness; near the mouth of Beaver
creek it is about sixteen feet in thickness, where the under-
lying Kansan is some seventy feet in depth; an exposure in
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Weaver township showed for the same deposit a thickness of
perhaps eight feet, humus and all, while along the alluvial
plains by the river, as already remarked, and sometimes on
the upland, there is no trace of the pale deposit at all, only
here and there a cluster of smooth, hard, recent bowlders to
give evidence that the Wisconsin ice once did in reality visit
the locality.

Taking the Pleistocene deposits throughout, their average
depth is hardly fifteen feet. The greatest depth reported to
which a well has been sunk, is 135 feet. This is the well at
Livermore. The drift here is 132 feet. South of Owl lake
wells 100 to 120 feet deep encountered no rock. At Renwick
rock is 125 feet below the surface of the ground. In the west
half of the county, as already stated, the depth of the drift is
far less, ranging from nothing to twenty or sometimes fifty
feet. As far as now known the rocky foundation of the county
is strikingly even and uniform, dipping to the east and south
only a little more rapidly than the clayey mantle of the drift.

SOILS.

The soils of Humboldt county are strikingly uniform.
Except the alluvium along the rivers, which in some parts is
sandy, we have in general the rich black loam of the prairie,
of great depth and of seemingly exhaustless fertility. The
topography of the Wisconsin lends itself everywhere to the
formation of marsh; and sedges, swamp grasses, rushes and
mosses seem to have covered this latest till from the very
beginning. The perennial moisture checked the waste by
fire, and the amount of organic material and vegetable detritus,
contributed to the surface soil has been immense. The pres-
ent methods of drainage bringing all nature’s marsh lands
under the plow, place at the service of the farmer the accu-
mulated wealth of ages. Nor is this all. The unusual amount
of lime, pulverized or in rapidly decomposing pebbles which
form so prominent and counspicuous an element in the Wiscon-
sin soils, seems to offer an exceptional foundation for the cul-
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tivation of cereals of every description, especially wheat.
Humboldt county, theretore, joins itself to the great wheat
raising region of the world, a region which stretches far north
and west, including, in the United States, northern Minnesota
and the Dakotas. Along the rivers there are a few steep
banks and sharply eroded, short ravines, which are unsuited
to cultivation, and have been wisely left to grow up to timber,
but aside from these limited areas, once the present system
of drainage is completed, there will be left of untillable land
in Humboldt county scarcely an acre.

ECONOMIC PRODUCTS.

The natural products of Humboldt county include lime-
stone, suitable for building purposes and for the manufacture
of lime, native wood for fuel, and peat These we may now
consider briefly.

Building Stones.

The exposures of Kinderhook and Saint Louis limestones
already described have, from the earliest settlement of the
county, furnished an abundant supply of rubble-stone, much
of it of a superior quality. From Dr. Welch’s quarry were
taken stone for erecting the fine buildings of Humboldt Col-
lege; this in the early history of the town. Krom the same
quarry came the rock for the piers of the bridge of the
Chicago & North-Western railway, erected in 1881, south of
Dakota City. In the city of Humboldt quarries are common,
and numerous handsome stone business blocks attest the
activity and energy of its people. Indeed, it is said that the
rock necessary for the erection of the walls of a business
house in Humboldt may often be obtained in excavating the
cellar. A beautiful stone schoolhouse, of which we present
an illustration in figure 16, attests the excellence of the local
supply for quarry stone. Mr. Bull’s quarry is the only one
now operated in the city. The rock over the area uncovered
has been removed, down to what appears to be the old surface
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Fic 16. Schoolhouse at Humboldt — 8t. Louis Limestone.

of the Kinderhook limestone. According to reports given by
workmen the deeper layers are less valuable. In fact, here,
as often elsewhere, the strata of quarry rock are not uniform,
and for practical use the rubble must be carefully culled.

Reference has been made, also, to the excellent limestone
in Weaver township, in the northeast quarter of section 9.
No better stone for general use can be found than this. It
is a crinoidal limestone, occurs near the surface, and is quar-
ried with little trouble.

The flourishing town of Gilmore uses rock from the Gilmore
quarries. This rock, which is certainly, in its upper beds at
least, the same as that last mentioned in Weaver township,
is widely known, has been quarried and shipped in hundreds
of carloads, having the advantages of railway transportation.
This quarry is in Pocahontas county. It is mentioned simply
to show the possibilities in Weaver township if supplied with
equal transportation facilities.

The Stearns quarry, in the northwest quarter of section 3,
Corinth township, is another excellent exposure of building
stone. The beds here are much heavier than in most of the
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neighboring quarries, and rock suitable for bridge piers may
be easily obtained in unlimited quantities.

Lime.

Lime has been manufactured from stone taken from all
horizons of the Humboldt county limestones. The oolite in
particular was at one time extensively quarried at Humboldt
for this purpose, a fact attested by several well constructed
kilns still standing, but unused. The lime produced serves
excellently for local and immediate use, but is said to be ill
adapted for shipment, on account of rapid air-slacking. Tt
appears that at present, even for local use, lime manufactured
from the magnesian Niagara limestones is generally imported.

Sand.

Sand, suitable for building purposes, is not lacking, and is
obtainable at various points along the river. The peculiar
bed of white sand referred to on page 135 has been exten-
sively excavated for this purpose, and deserves more thorough
exploration.

Clays.

The clays of Humboldt county are not generally well
adapted to the manufacture of brick or tile. The Wisconsin
contains in general too much lime. Nevertheless, brick
making has been successfully conducted at Dakota, and the
court house and jail are built of brick, said to have been
burned near by. This was many years ago. At present the
only kilns operating in the county are at Livermore, where
the Stitch Bros. have been busy some three or four years in
the manufacture of brick and tile. The clay made use of
appears to be Wisconsin. [t is found in a marshy region, and
close to the surface. Every effort is made to free the clay
from pebbles, but, nevertheless, a sufficient number remain to
make the manufacture of brick uncertain. Messrs. Stitch
manufacture soft brick only, and many of these are rendered
worthless by pebbles of limestone, which in process of manu-
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facture burn into quicklime. But, notwithstanding all diffi-
culties, the firm manufactures brick, and sells them at the
rate of from 200,000 to 300,000 per year. The company is
more successful with tile, which require, it appears, less burn-
ing. Tile are burned at the rate of 300,000 or 400,000 per
year, and the demand exceeds constantly the present capacity
of the plant. I't. Dodge coal is the principal fuel used.
Taking into account the unusual difficulties to be overcome,
the enterprise is a remarkable success.

Fuel.

The fuel of the pioneer was wood. The forks of the Des
Moines and the larger streams of the county were originally,
more or less, continuously fringed with native woods. This
native forest afforded the early settler at once shelter and
fuel in advance of the advent of railways or the possibility of
supplies from without. The original trees are mostly gone,
but in their places stand luxuriant groves of ‘‘second growth,”
which, by judicious cutting, furnish their owners an abundant
supply of the finest fuel, and may continue so to do for
indefinite years to come. Besides these natural timber sup-
plies, the results of almost universal tree planting on the
farms are now apparent. Everywhere are groves, many con-
taining trees of considerable size, so that the artificial forest
of the county to-day furnishes no inconsiderable amount of
the fuel used by the agriculturists. Humboldt county can
easily raise its own fuel without seriously trenching at all
upon its tillable land, at least beyond that which is necessary
to afford the shelter of trees to the homes of its people.

The prospect that coal may be mined in the county is not
encouraging. The coal measure exposures, as we have seen,
are very narrow in extent, and even then are, for the most
part, barren. Itis possible that coal might be found in one
or other of the localities where the coal measure shales erop
out, but the ehances are that the quantity discovered, if any,
would be insufficient to pay the expenses of exploration. At
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least, so long as abundant supplies can be obtained with so
much convenience in the adjoining county south, it is not
likely that much effort will be made to use Humboldt county
coal.

There is, however, another natural fuel supply present in
considerable amount in the eastern part of the county, which
seems to merit greater attention than has hitherto been
accorded it. I refer to fields of peat. Almost every marsh
in Lake and Norway townships contain peat, in several places
in quantity sufficient to be worth considering as a fuel supply.
Geologically considered, peat is the youngest member of the
coal series, anthracite, soft coal, lignite, peat, 7. ¢., coal is a
consolidated peat, peat an imperfect coal. Its combustibility
has been abundantly shown in Humboldt county. The drain-
ing of Owl lake has left a large body of peat to dry along
what was the north shore, and this has recently taken fire and
burned over many acres, to the depth of several feet, leaving
vast beds of ashes and half-burned organic matter. A similar
combustion has recently taken place on the west side of sec-
tion 2 of Lake township. It will surprise some people to
learn that peat has a higher heating power than dry wood.
The distinguished chemist, Remsen, estimates the calorific
energy of bituminous coal at 75, dry peat at 48, and dry wood
at only 28; peat is, pound for pound, 75 per cent better than
wood. Unfortunately, in this country, peat has never been
widely utilized, and a supply of fuel., which certainly will one
day be needed, is now suffering indiscriminate waste.

Water Supply.

The two branches of the Des Moines river are unfailing
sources of water supply for the western and central portions
of the county. Indiancreek, aperennial stream, findsitssource
in a beautiful spring, Indian spring, which, with a temperature
of 54 F\., wells up through a bed of white sand, in the Nw.
qr. of the Sw. § of See. 21, in Corinth township. The spring

13 G Rep
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is on a level prairie, only about twenty-five feet lower than
the highest land in the neighborhood. Wells on the adjoin-
ing farms furnish unfailing supplies of water, from a depth of
fifty feet. An effort was made some time ago, by filling up
the spring, to make the water rise higher. The result was to
convert what was formerly a beautiful pool into a miry
morass. The spring might be made an attractive resort.
Another spring of considerable volume furnishes the principal
water supply of the town of Humboldt, and all along the west
fork, at least, springs are abundant. However, for the county
at large, the water supply is from deep wells, generally sunk
in the drift, though, in the western townships, often in the
limestone rock, as heretofore described.

Water Powers.

Both branches of the Des Moines afford water power and
convenient mill sites. Mr. C. H. Brown owns a fine flouring
mill at Dakota, an excellent water power, which has been in
use a great many years. A similar power drives the mills of
Humboldt. Rutland, as it appears, once possessed a like
advantage, and is now attempting to restore it.

In short, from an economic standpoint, the county before us
is abundantly furnished with all that may contribute to the
wealth and prosperity of a happy people; soil of exceptional
depth and fertility, remarkable even in fertile Iowa, waters
abundant and pure, springs and perennial streams, limestones
to furnish building material for all time, native groves to
beautify every stream and furnish, if cared for, fuel for gen-
erations to come, planted groves that well might make the
prairie wooded,—such a county needs no praise; it is itself its
own encomium.
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FORESTRY NOTES FOR HUMBOLDT COUNTY.

A glance at the accompanying list of forest trees native to
Humboldt county is sufficient to show that we have here
nearly all the species commonly occurring in other more def-
initely wooded regions of the northern United States. This
of itself is enough to refute the old but yet persisting opinion
which would maintain that the prairies have in themselves, in
their very make-up, something inimical to the growth of
woodland species. Humboldt county is a typical prairie
county, and yet certain localities were, until recently, covered
with heavy timber. Walnut, oak, elm, linden and ash grew to
dimensions suitable for the mill. Trees eighteen to thirty
inches in diameter were not uncommon. These were in the
rich soil of the creek and river valleys, the finest, perhaps,
near the mouth of Beaver creek. Certain species of trees
have been planted over the prairie and have, in the main,
done well; but the drought of recent years has destroyed
some of those thought to be most suitable for prairie planting,
notably cottonwoods and poplars. But trees will grow in
Humboldt county anywhere, if planted and protected. The
fact remains, too, that the trees in every way best adapted to
general planting in Humboldt county are those originally
found growing there. For ornamental trees, for instance,
none are more beautiful than wild plums and crab apples, and
these are native. Hawthorns and sumac may be used effect-
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ively for the same purpose. These will all grow anywhere, and
it is a matter of wonder that for decorative purposes they are
not more generally employed. The native oaks, hickories and
walnuts cannot well be transplanted from the woods, but in
good soil, if cultivated, they grow from the seed much more
rapidly than is generally supposed. The hickories, and
especially the bur oaks, have, in Iowa, been so far proof
against all drought. The bur oak grows slowly, but it is by
all odds the hardiest tree we have. Since our agriculture is
now becoming established, our occupancy of the country per-
manent, as we begin to build permanent houses and barns, it
is at least time to inquire whether our temporary tree plant-
ing, which involved the use of soft woods, rapid growers only,
should not now begin to give way to something permanent
and enduring? Is it not proper to introduce in appropriate
places on our farms, and especially about our homes, trees
of slow growth indeed, but trees which will endure to the
enjoyment and shelter of the generations to follow us, which
shall form part of our real estate, permanent, abiding as the
soil itself? In the older parts of the world, primeval forests
are few; all, or nearly all, of the present forests are artificial.
We are rapidly, in the United States, approaching a condition
of affairs when the same thing will here be true, and trees of
the more valuable sorts will characterize, not forest reserva-
tions only, but be, in fact, a part of the product of every well
tilled farm. When that time comes the trees which the
pioneer found growing in each locality will doubtless be found
the most valuable species for permanent and profitable
plantations.

The peculiar distribution of forest and prairie in Humboldt
county to-day corresponds probably pretty closely with that
discovered by the earliest civilized residents. Before the
advent of civilization the principal check to the general exten-
sion of forest domain was found, not so much in the variation
of the soil, as in the prevalence of prairie fires. The trees
were limited to the occupancy of those parts of the country
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less severely visited by the perennial conflagrations. The
present distribution of woodland and prairie in Humboldt
county affords a striking illustration of this fact. Sometimes
prairie fires came late in the fall, after the frosts had
thoroughly killed the prairie vegetation, or in the spring.
after the snows were nearly gone. They moved in general
from the west. In such conflagrations seedlings and small
trees universally perished, where exposed to the fires’ full
beat. Special localities, however, favored trees. Thus a
sandy or rocky hilltop afforded no fuel, and the young tree
survived. Lowlands generally were unfavorable to fire.
Sometimes too wet to burn; sometimes subject to overtlow,
and deposition of new soil covering all fuel. In Humboldt
county, as the present distribution of the timber shows, it
was sometimes the river, sometimes a marsh, sometimes a
steep bank, sloping to north or east, and on this account more
moist, longer covered with snow in spring, that gave refuge
and respite to the trees. In Wacousta township the woods
are mostly east of the river, near Bradgate they are on both
sides, protected on the west by bluifs, on the east by swampy
or marshy ground. In the central part of Avery, down about
to the west line of Rutland, the fires seem to have swept
everything on both sides of the stream, crossing readily by
the generally low banks. Further east, and in the vicinity of
Humboldt and Dakota City, steep bluffs again gave foothold to
the woods. The mouth of Indian ereek, on the west fork,
and the lower valley of Beaver creek, where that stream
enters the east fork, offered to the trees the advantage of
both conditions favorable to the retention of moisture, the
steep bluff and the lowland. There are beautiful groves
along the east fork, successors of primeval forest areas,
whose existence in the midst of a prairie county nmust be
explained by reference to similar topographic conditions.
The following list of the trees and shrubs of Humboldt
county is believed to be reasonably complete. For its
accuracy the author is muech indebted to the assistance of
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Miss Mae Webber, who has long enthusiastically studied the
flora of the county.*

Tilia americana L. The Linnwood or Basswood tree; com-
mon in all the native groves of the county, and occasionally
planted.

Xanthoxylum americanuwm Mill. Northern Prickly ash.
Quite common. Abundant near the mouth of Beaver creek.
Sometimes attains a height of ten or twelve feet. Orna-
mental; otherwise of small value.

Acer saccharinum Wang. Hard maple, Sugar maple. Scarce,
oceurring chiefly along rocky banks, and in rich alluvial soils.

Acer dasycarpum Ehrh. Soft maple, Silver maple. Com-
mon along streams, and everywhere planted for artificial
groves. For this purpose the most useful tree in Towa. Its
rapid growth and bhardy vigor adapting it particularly to our
prairie conditions.

Negundo aceroides Moench. Box elder. Common every-
where along streams, also universal in cultivation, though not
so general in plantations as the last species. Less hardy,
also, than the Soft maple; more sensitive to drought and to
winter changes.

Rhus glabra L.  Sumac, Smooth sumae. Common on hill-
sides near the wooded regions. Small in stature; not attain-
ing anything like the vigor exhibited in some quarters, but
manitfestly holding its own.

Robinia pseudacacia 1.. Locust, Black locust. Common in
cultivation, or escaped from early plantings. Probably not
indigenous.

Gymnocladus canadensis Lam. Kentucky coffee tree.
Planted for ornament. Not native.

Gleditschia triacanthos L. Honey locust, not native. Oceca-
sionally seen in cultivation.

Prunus americana Marsh., Wild plum. Common.

Prunus virginiana 1.  Choke cherry. Not uncommon along
the rivers, especially in rocky places.

*The nomenclature in this list is that of Gray's Manual, 6th ed.
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Prunus serotina Ehrh. Wild cherry. Not common. Here
and there along the rivers.

Pyrus coronaria L. American Crab apple. IEverywhere
common on hillsides, especially in the neighborhood of the
streams. Sometimes forming small clumps or thickets where
there is no other tree, by the smaller streams, or even in
ravines. Omne of our most delightful native trees. The
American forest shows nothing more beautiful, nothing
sweeter than a crab apple in the perfection of its bloom.

Cratwgus coccinéa L. Common hawthorn. Not rare along
the sandy flood plains of the rivers.

Crategus coccinea L., var. mollis, Torr & Gray. Red haw-
thorn. Not rare. Recognized in late summer by its large,
edible, bright scarlet fruit.

Crateegus tomentosa L. Occurs sparingly in the southern
part of the county, Reported, also, from the northeastern
corner of the county. Iruit larger, dull red or orange.

Amelanchier canadensis Torr & Gray. Shadbush, Service
berry, Juneberry. A few along the river near Beaver creek.

Cornus asperifolia Mx. Dogwood. Reported not rare.

Cornus stolonifera Mx. Red-osier dogwood. Reported from
the southern part of the county.

Sambucus canadensis L. Common everywhere, especially
in hedgerows, gardens, etc.

Viburnum lentago L. Black Haw, Sheep berry. Not infre-
quent in thickets along the streams.

Viburnum prunifolivan L. Black Haw. Occurs sparingly
with the other. Both species of haw are becoming extinct in
Towa, unable to endure the close pasturage, and the browsing
to which, in our torrid summers, all shrubby vegetation is
more and more subjected.

Cephalanthus occidentalis L. Buttonbush, not rare in wet
places by the rivers, and on sandy islands.

Frazinus americana L. White ash. Not uncommon in all
the wooded region, and not infrequently planted. A most valu-
able tree.
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Ulmus fulea Mx. Slippery elm, Red elm. Not uncommon.

{7 lmus americuna L. American elm, White elm. Very com-
mon along all streams, and now everywhere planted. Speci-
mens south of *“*Owl lake’” were observed, eighteen inches in
diameter. Our most valuable street and general shade tree.

Celtis occidentalis. Hackberry. Rave. A few reported from
the southern part of the county.

Morus rubra L. Not indigenous. Planted in some localities
for hedgerows and wind-breaks, where it appears hardy and
efficient.

Juglans cinerea L. Butternut, White walnut. Not uncom-
mon along hillsides and by the streams. This tree grows
rapidly from the seed, in good soil, and would make a valu-
able shade tree as part of a plantation.

Juglans nigra L. Black walnut. Not common. Reported
as once abundant along all the streams of the county. This
species also comes on, in good soil, rapidly from seed, but
does not bear transplanting.

Carya alba Mott. Hickory. Small trees of this species are
not uncommon on higher ground, in the wooded regions,
especially along the east fork. A very hardy species. Stands
the drought and abuse of all kinds remarkably well, and fur-
nishes most valuable timber for wood.

Carya amara. Bitternut, Pignut. Common in similar loca-
tions with the last species. By far less valuable.

Betula papyrifera Marshall. White birch. Occurs in culti-
vation, and is reported ‘‘abundant along the Boone river,
east.” Perhaps comes within the limits of the county in the
northeast corner.

Corylus americana Walt. Hazlenut. Very common, espe-
cially on hillsides.

Ostrya virginica Wild. Ironwood, Hop horn-beam. Occurs
sparingly along hillsides, on both forks of the river.

Carpinus caroliniana Wild. Tronwood, Blue beech, Water
beech. On rocky banks, near the water’s edge. Reported
formerly common. Certainly less common than the preceding.



FORESTRY. 153

Quercus alba L. White oak. Not uncommon on the high
ground near the rivers.

Quercus macrocarpa Michx. Burr oak. Very common, by
far the most common oak in the county, as it is the most
hardy. Ifound everywhere, in good soils and poor. A fine
grove of them in the sandy soil north of the ford in Rutland
township, section 34. Often makes a grove of more or less
stunted trees, far from any other trees, and so everywhere
constitutes, toward the west especially, the van-guard of the
forest. lixcellent, both for wood and lumber, for all pur-
poses requiring strength and durability. A tree of slow
growth.

Quercus coccinea Wang.  Scarlet oak, Black oak. The form
occurring is that common throughout Towa. This is neither
Q. coccinéa, as described, nor yet @. coccinea, var. tinctoria.
The scales of the cup are yellowish, downy, instead of being
glabrate and close adpressed, as the type should be. Com-
mon in all the native groves.

Quercus rubra 1. Red oak. Not infrequent on uplands in
all the wooded districts. Large trees of this species are
reported from the valley of Beaver creek, and from the east
fork.

Quercus coccinea Wang., var. tinctoria Gray. TIs reported
to have been represented, not long since, by large trees.

Saliz nigra Marsh. Black willow. Common along the
streams.

Saliz cordata Muhl. Reported rare; ‘‘a few specimens
only.”’

Populus tremuloides Michx. American aspen, Quaking asp.
Common all through the wooded portion, especially at the
edge of the woods, and in low grounds.

Popuius grandidentata Michx. Large-leafed aspen, poplar,
Quaking asp. Common on high ground everywhere in the
native groves. A tree of rapid growth, short-lived, but use-
ful as a nurse for more valuable and enduring species.

14 G Rep
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Populus monzlifera Ait. Cottonwood, Necklace poplar.
Common throughout the county, and commonly planted.
Surprising to relate, some of the planted trees in the higher
situations have, in these later years, succumbed to drought.

Populus dilatata Ait. Lombardy poplar. Is commonly
planted. The species is not native to the United States, and,
although a favorite ornamental tree in many localities, is,
nevertheless, short-lived, and, on the whole, unsatisfactory.

Juniperus virginiana L. Red cedar, Juniper. Reported
formerly common; not rare.
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INTRODUCTION.
LOCATION AND ARIEA.

Story county occupies the geographic center of the state,
and comprises the usual sixteen congressional townships com-
mon to interior counties, containing approximately 576 square
miles. It is bounded on the north by Hamilton and Hardin
counties, on the south by Polk and Jasper, while Boone
county bounds it on the west, and Marshall forms its eastern
boundary. Geologically the county is of some interest, for,
while lying wholly within the area credited to the coal meas-
ures, it is now known that a detached area of the Lower Car-
boniferous of considerable dimensions appears in the western
portion. And it is, perhaps, worthy of mention that the county
serves to connect areas already reported on; Boone, in vol-
ume V, and Polk and Marshall, in volume VII of this Survey;
while the field work in Hardin is practically completed.

PREVIOUS GEOLOGICAL WORK.

In the early history of the state the area under consider-
ation possessed little to attract the civilian, the geologist or
the physiographer. The immature character of its surface,
with its numerous ponds and marshes and its general prairie
character, proved uninviting to the husbandman familiar with
the wooded hills and dales of the east. The all but perfect
concealment of the stratified rocks by the ice debris, and the
general surface monotony, did not appeal to the pioneer geol-
ogist as the ‘‘land of promise.”” The chief thoroughfares
across the continent lay outside its borders, and hence

16 G 159
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specific geologic mention comes late in the history of the
state, although the county was within the general area
mapped by Nicollet as early as 1841.

The classic works of Owen and Hall, who laid the founda-
tion for all subsequent geologiec work in the Mississippi val-
ley in general, and in Iowa in particular, possessed but a
word concerning either the physical features or the natural
resources of Story county.

The first specific reference to the geology of the county is
to be found in White’s* Geology of Iowa. Here the beds
exposed along Onion creek are mentioned, and definitely
referred to the Saint Louis and dismissed without further
comment. In his discussion of moraines White makes men-
" tion of the ridges and knobs in northwestern Story. and inti-
mates their probable morainal character. '

A decade later Uphamt visited the field, and definitely
mapped the Gary moraine across the morthwest corner of the
county.

Aside from the above reports, McGee} records certain
observations concerning the Skunk river system, and con-
siderable data as to the details of the region have been col-
lected and recorded by the students in the geological depart-
ment of the Towa State College.

PHYSIOGRAPHY.
TOPOGRAPHY.

The region is almost entirely included within the area
covered by the last drift sheet, and is characterized by gen-
eral topographic immaturity. There is an entire lack of con-
cordance between the drainage lines and the salient features,
as the streams have exerted very little influence in shaping
the topography. The surface is gently rolling, and, when
viewed broadly, departs very slightly from a plane. It is the

*Vol. LI, pp. 259-260.- Des Moines, 1870.
#Ninth Annual Report Geol. and Nat. Hist. Surv. of Minnesota, pp. 288, et seq. Saint

Peter, 1801,
tEleventh Ann. Rept. U. 8. Geol. Surv,, p. 357. Washington, 1891.
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typical saucer topography so characteristic of the younger
drift sheet.

When examined in detail the surface is notably scalloped by
crescentic chains of ridges and kame-like aggregations, which
suggest interrupted recession of the ice and tend to break the
monotony of the general surface relief. The most note-
worthy of these ridges is the Gary moraine, which crosses the
northern portion of the county. The Gary moraine enters
the county from Boone, about two miles south of the Hamil-
ton county line, traverses Lafayette township from north-
west to southeast, just below Keigley’s branch, crosses Skunk
river at Soper’s mill, trends north of east and joins the Alta-
mont moraine almost due east of Zearing. Spurs are given
off in the form of concentric loops, the first of which passes
west of Roland between Long Dick and Beaver creeks, a sec-
ond appears between Roland and McCallsburg, and a third
separates the latter place and Zearing, thus showing that the
contraction of the ice tongue was not only longitudinal but
lateral as well. The continuation of the outer ridge of the
moraine to the westward is known as ‘‘ Mineral Ridge,’ an
outlying spur of which bears the name of ‘‘ Pilot Mound.”’

The width of the morainal tract varies greatly. In the
western half of the county the belt extends almost to Ames,
indicating that the recession was extremely dilatory. In the
eastern half the ridged portion varies from one to three miles,
and the differential relief is less pronounced.

A second morainal tract enters the county near the middle
line of Washington township, appears as mild ridges at Kelly,
fades out toward the river, but reappears much accentuated
in northern Union and in southern Grant townships, where
kame-like aggregations are a prominent feature. It con-
tinues across Indian Creek and Nevada townships, turns
southward and spreads out over New Albany and northern
Collins townships and fuses with the Altamont. Maxwell
hill, a marked eminence rising more than 100 feet above the
surrounding country and lying immediately west of the town
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of Maxwell, appears to be an outlying spur belonging to this
system. This hill is more than three miles in length, averages
from one-half to a mile in width, trends northwest and, as
revealed by road cuts, is composed of more or less stratified
sands and gravels. Only bowlders of small size are present,
and the hill possesses the essential characters of the kame.

Outside of the morainal tracts, and away from the imme-
diate vicinity of the larger streams, the surface is but little
dissected. Chains of kettle holes and swales with a prevail-
ingly northwest-southeast trend, connected only in the spring-
time or during seasons of protracted wet weather, and sepa-
rated by complimentary systems of hummocks and ridges, the
local inequalities seldom exceeding twenty or thirty feet, —
these are the features which characterize the great inter-
fluviatile and inter-morainal areas of the region. The
majority of the secondary streams have cut back but a few
furlongs, or at most but a few miles, into this maze of kettles
and sloughs, while well defined channels of tertiary branches
are usually measurable in rods only. The most vigorous topo-
graphic features are to be noted where the lateral tributaries
break through from the water-sheds to the valleys of the
major streams. In short, the valleys of the master stream
and its largest confluents are encompassed by belts of broken
land which comprise the most rugged features to be found in
the region.

In the extreme southeastern corner of the county, outside
of the Altamont moraine, is to be found a sample of erosional
topography, where the physical features are not only in har-
mony with, but are the result of, the drainage lines. The
area comprises scarcely more than a square mile.

The highest point in the county is on the Gary moraine
near Summit, with an altitude of 1,075 feet, and the lowest
level is reached on the flood plain of the Skunk, where that
stream makes its exit from the county, at an elevation of 830
feet above tide.
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In the subjoined table the elevations of
the most important points in Story county
are tabulated alphabetically.

Table of Elevations.

LY
=
oY .
o O &
PLACE. =53 AUTHORITY.
£28¢e
b1
<
Altamont moraine near Collins| 1022 | Barometer.
Altamont moraine near C olo.| 1016 | Barometer.
AT,y ol 138 P o s e s S 1 926 | C. & N. W. Ry.
Bloomington..........cc.c.... 1041 | Barometer.
Cambridge ..« .. .0t Teveeas 854 | L., M. & St. P. Ry.
COLLIE -5 v s, o b Bl 25 - A8 997 | C., M. & St. P. Ry.
(BT e Al R S ol ooy 981 | C. & N. W. Ry.
B QIR 5 g Pl 8T A T 983 | C., M. & St. P. Ry.
Gary moraine near Summit .., 1075 | Barometer.
LCallle [ Nehio e TR S s M e, 1003 | C. & N. W. Ry.
MBI, dtuiniendi i s o8 oo o 1031 | C., M. & St. P. Ry.
et Ul el N S e P S Bl oy 1035 | C. & N. W. Ry.
G o) S S 866 | C., M. & St. P, Ry
Nevada ....... b o e et 1005 | C. & N. W. Ry.
ODRBREAD ;o505 105 5 s sismbosnaf 1005 | C. & N. W. Ry.
A0t o e T 1042 | C. & N. W. Ry.
IO om0 S0 s i Bty g 1032 | C., M. & St. P. Ry
Story City ......cooviinnnn.. 1022 | C. & N. W. Ry.
SV, o™ oy SR Ay s 1056 | Barometer.
DRAINAGE.

The drainage lines are but poorly devel-
oped. The larger streams have apparently
reopened, in part at least, pre-Wisconsin
channels, and have taken on the aspect of
mature streams. They are, nevertheless,
characterized by a dearth of small tributar-
ies. Undrained areas are everywhere com-
mon on the upland, and at many points can
be found within a stone’s throw of the bluffs
which border the best developed valleys.
In scores of sections which constitute the
watersheds, the water which falls upon
them, save during periods of very high
water, cannot escape save through seep-
age, cvaporation or tiling. Many of these
ponds persist throughout the year.
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Seven-eighths of the run-off of the region finds its way to
the ‘‘Father of Waters’ through Skunk river, while small
areas in the southwest and northeast corners of the county
contribute to the Des Moines and Iowa drainage systems
respectively.

The Skunk River Systein.—As has been said, the Skunk river
with its tributaries afford a convenient outlet for the surplus
waters which fall upon the major portion of the county. The
Skunk proper traverses the county in a general north and
south direction, separating the area into two unequal parts.
It enters the county from the north and, crossing back and
forth the line which separates the western tier of townships,
has a general southerly course until reaching Union township,
where the stream veers abruptly eastward and then continues
southward, dividing the township into east and west portions
that are almost equal in area.

On physiographic grounds the stream is readily divisible
into two parts. The first comprises the portion from the
point where the river enters the county to the great bend

F1G. 17. Gorge on the S8kunk river, at Soper’s mill.
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about two miles north of Ames, and is characterized by a
comparatively narrow valley, which in places, as at Soper’s
and Hannom’s mills, narrows to a gorge and is rock-walled.
At such points the stream has all the characters of adoles-
cence and is still in the channeling stage, or at most has
made but little progress in the formation of a valley. At
Story City the trench cut is scarcely more than twenty-five
to thirty feet below the general upland. The channel aeepens
egradually to the southward until the Gary moraine is reached,
where the bluffs rise from fifty to seventy feet and increase
to upwards of 100 feet at some distance away from the stream.

Fi1c. 18. The Skunk river, below Hannom’s mill. An example of an unstable channel.

Numerous embayments appear in the bluff boundary on the
west. The most noteworthy of these appears at Hannom’s
mill. Here an embayment, occupying approximately a square
mile, trends northwest from the great bend which marks the
terminus of the newer portion of the stream.

The lower course of the Skunk is strikingly different from
the upper. From Hannom’s mill southward the valley rapidly
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widens to a mile near Bloomington, nearly three miles at
Ames, and averages about two miles in width throughout the
remainder of its course in the county. In Polk county it
attains an even greater width. Through this broad alluvial
flat, outlined, but not confined, by low banks of its own mak-
ing, the present stream pursues a most tortuous course,
touching the restraining bluffs here and there, but at no
point south of Ames revealing the country rock. Deserted
channels in all stages, from crescentic lagoons, almost silted
in, to the fresh cut-offs, attest the complicated meanders and
the numerous attempts of the stream to straighten its course.
When closely inspected the stream bottom is seen to be very
uneven, and to consist of a series of basins separated by
broad, fan-shaped sandbars. Often during the late summer
season, or during periods of extended drouth, the stream con-
sists of a series of detached ponds, some of which are ten feet
or more in depth, and only connected by sub-surface cir-
culation through the gravel fans. The entire assemblage
of superficial features are those characteristic of an old
stream. Wells sunk at Ames and Cambridge, on or near
the flood plain, tell the same story. The country rock
is reached only after penetrating from eighty to upwards of
100 feet of alternating beds of glacial and fluviatile materials.
From the great bend in the Skunk, north of Ames, to the
point where the river crosses the Polk county line, a distance
of sixteen miles, as the crow flies, the fall is about sixty feet,
or an average gradient of less than four feet per mile. To
follow the stream meanders would more than double the dis-
tance, and hence halve the gradient. From the same starting
point to the Hamilton county line, the direct route is about
ten miles and the total vertical fall is 110 feet, or an average
declivity of eleven feet per mile. Taking into account the
sinuosities in the stream the gradient would be reduced, at
low water, to about five feet per mile. In both sections the
impotency of the stream is clearly due to lack of volume
rather than to lack of gradient. Thus is readily seen the
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reason for the stream’s multiplied veloeity and great destruc-
tiveness at flood time. This destructiveness is increased by
the additional velocity gained by ignoring the great majority
of the meanders and taking a direct route.

At Bloomington the bluffs rise more than 120 feet above the
flood plain; at Ames they are reduced to scarcely more than
fifty feet, while in southern Grant, and in Union township,
they again rise to fully 100 feet above the bottom land. The
most important tributaries of the Skunk are Keigley’s branch,
Squaw, Walnut and Ballard creeks from the west, and Long
Dick and Bear creeks from the east, while the various
branches of the Indian, Clear and Willow creeks belong to
the system, but become confluent outside the area under con-
sideration.

Keigley’'s branch crosses Lafayette township diagonally,
from northwest to southeast, and joins the Skunk at Soper’s
mill, about one mile south of the township line. The course
lies just within the main body of the Gary moraine, and the
creek has done little work in valley cutting. Near its
embouchure it enters a profound depression, probably a pre-
glacial channel. The Skunk is manifestly displaced at this
point, and escapes, through the innermost ridge of the
moraine, through a narrow, rock-walled gorge. The branch
flows through a well marked artesian basin, and drains the
major portion of Lafayette township. Numerous springs issue
from its banks, many of which persist throughout the year.

Squaw creek is the most important tributary of the Skunk
in this section. It enters the region near the middle line of
section 7, in Franklin township, continues in a general south-
easterly direction into Washington township, and joins the
parent stream about two miles southeast of Ames. The
Squaw is nearly as large as the Skunk above the junction,
and has all of the more important characteristics of the latter.
It meanders through an alluvial bottom which varies from a
sixth to a half mile in width. 'This bottom is, in turn, included
within a terrace-bordered valley, of much greater width.
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Ames, in the main part, is built on a delta-shaped terrace
which separates the two streams, and the combined depres-
sions exceed three miles in width. On seetion 33, in Franklin
township, is a marked constriction in the valley of the Squaw,
and the stream bears evidence of being displaced to the south-
west. North of the point where the creek turns strongly to
the east a prominent hill rises more than sixty feet above the
water level, its crest immediately overlooking the creek.
This hill slopes rapidly away from the stream to a depression
which crosses the bend. The termini of the depression are
now occupied by small streams which issue from veritable
peat bogs. The ridge itself is only one of many similar ones
to the northward, and is, apparently, merely one of the
advance guards of the Gary moraine. The elbow in the Squaw
is probably due to displacement by the ice tongue.

Squaw creek drains less than a township in Story county,
and its principal tributaries are Montgomery, Onion, Clear
and College creeks, all entering from the west. Of these,
Onion creek is rock-bound, the Saint Louis limestone appear-
ing at numerous points along the lower portion of its course.
None of these streams have done much work in the way of
valley-making, although both Onion and Clear creeks possess
narrow tlood plains. All are dry throughout a considerable
portion of the year, though the upper reaches of Clear and
College creeks are fed by seeping springs, which issue at the
base of the loess and persist in these parts, even through the
driest seasons. Terraces do not appear along any of the
tributaries, and it seems reasonable to infer that none of these
had a place in the pre-Wisconsin history of the system.

Walnut and Ballard creeks have their sources among the
swales and kettle-holes of the Skunk-Des Moines water-shed.
From this water-shed they take their sinuous easterly courses
across Washington and Palestine townships respectively and
enter Union township, where they parallel, and finally join,
the master stream. Both have high gradients, and have cut
from fifty to seventy feet below the upland level in their
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lower courses. Neither has succeeded in exposing the country
rock. In all probability both are post-glacial streams. The
areas drained are about twelve and thirty square miles
respectively. '

Long Dick and Bear creeks, which enter the Skunk from
the east, are long, branchless streams, which are little more
than prairie sloughs through the greater portion of their
courses, and lie almost wholly within the Gary moraine.
Both have their sources in Hardin county, cross Howard
township diagonally to the southwest, and have done but lit-
~ tle cutting save near their junctures with the greater stream.
Bear creek has cut through the drift, exposing the coal meas-
ure shales at Roland and the Saint Louis limestone at a
number of points before escaping from Howard township.
Both creeks cease to flow during the dry season. Both show
evidence of appearing at a late date in the history of the
system.

Indian creek, with its two unequal branches, known as the
West and East Indian, of which the former is the smaller and
joins the larger at Iowa Center, almost completely monop-
olizes the drainage from the tier of townships terminated by
Warren and Indian Creek townships on the north and south
respectively. The stream is a vigorous competitor of the
Skunk for a considerable portion of Grant and Milford town-
ships on the west, and has invaded Sherman, New Albany and
Collins townships on the east. It is an outlet for the super-
ficial waters of more than a third of the area of the county.
In vertical cutting the work done by the Indian compares
favorably with that done by the Skunk; the latter, at its exit.
having cut less than twenty feet lower than the former where
it makes its exit from the county. In lateral trenching the
Skunk is greatly in the lead. The terrace-bordered valley of
the Indian varies from a fourth of a mile to a mile in width
from Towa Center, the junction of the east and west forks, to
the south line of the county. North of the junction the west
fork has done very little in the way of depositing alluvium,
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while the valley of the Hast Indian gradually narrows until
at the north line of Nevada township the flood plain is
scarcely mapable. Indian creek has more and better devel-
oped tributaries in the southern half of its course than any
stream in the region, and hence Nevada and Indian Creek are
the best drained townships in the county. The more mature
drainage of this portion of the county is not so much a ques-
tion of stream gradient, but is rather the result of a differ-
ence in surface materials. In Indian Creek and adjoining
townships the Wisconsin drift is comparatively thin, merely
a veneer over the older drift sheets, and the present features
are dominated largely by the pre-Wisconsin topography.
Cuts along the roadways reveal the loess in many places,
with the ferretto zone of the Kansan oftentimes appearing at
a lower level. Palestine and Union townships are equally as
well circumstanced, so far as drainage lines are concerned,
as is Indian Creek, but the old topography is almost com-
pletely obscured by the later drift.

Wells sunk on the Maxwell terrace show more than sixty
feet of alternating alluvial and glacial deposits, and indicate
that Indian creek has, at least at this point, partially reopened
an old valley.

Above the forks characters suggesting an extended career
are not so apparent. Terraces follow the Kast Indian to the
middle of Nevada township, and it seems safe to conclude
that a considerable stream occupied the valley up to this
point at the time of the retreat of the Wisconsin ice. North-
ward there is no reason to doubt the post-Wisconsin character
of the stream. Long finger-like projections of the system
extend across the northern half of the county and even enter
Hardin county, but afford very inadequate drainage for the
area through which they pass.

Clear creek, with its tributary, Willow creek, drains the
greater portion of New Albany and the northeast fourth of
Collins township, and joins the Skunk at Mingo, in Jasper
county. Willow creek occupies a profound depression, all
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out of proportion to the insignificant stream which at present
occupies it. The bottom of the trench is from sixty to eighty
feet below the upland. DBut very little alluvium has been
laid. On the Collins township line the stream impinges upon
the Altamont moraine and is deflected west of south, then
shifts east of south, and finally turns abruptly to the east and
breaks through the moraine near the middle of the east line
of the township. Clear creek has its source in Sherman
township, occupies a less important valley, but has done
about the same amount of cutting. Both streams fail to show
any of the indurated rocks.

The Des Moines River System.—DBig creek and Four Mile
creeks make their way lingeringly among the ponds and
glades of Palestine township, and are the only representatives
of the Des Moines in the county.

lowa Biver System.—Lincoln township and a small area in
Warren belong to the drainage basin of the ITowa. South
Minerva creek is the chief representative of that system, and
has its source in the swales about McCallsburg. The stream
occupies a narrow valley, and affords a convenient gateway
through the Altamont moraine for the Story City branch of
the Iowa Central railroad.

STRATIGRAPHY.
General Relations of the Strata.

Story county lies wholly within the great basin of the west-
ern coal fields. The frontier of the Iowa coal measures lies
at least a dozen miles east of the county. In the west cen-
tral part of the county there is an arching of the indurated
rocks, and the Lower Carboniferous strata have been pushed
up through the coal measures, assuming the role of country
rock over a considerable area.

The Pleistocene series comprises at least two distinet drift
sheets, which are included between and separated by pre-
inter- and post-glacial deposits which give a clue to the
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several climatic variations and surface oscillations to which
the region has been subject. The physiographic features are
almost wholly expressed in the Pleistocene deposits, as the
older rocks are essentially below the level of the present
stream beds, and hence almost entirely concealed.

The taxonomic relations of the formations represented are
shown in the following synoptical table:

GROUP. SYSTEM. SERIES. STAGE. FORMATION.
3 Wind deposite.
Recent. ) P
Alluvium.
Cenozoic. | Pleistocene. Wisconsin | Drift.
. Iowan. Loess.
Glacial. Buchanan?| Gravels.
Kansan Drift.

Aftonian? | Gravels.

Upper Carboniferous

f in’s.
or Pennsylvanian. Des Moin's

Paleozoie. Carboniferous

Lower Carboniferous | Saint
or Mississippian. Louis.

It is obvious from the preceding table that the formations
which occur in Story county belong to discordant series sepa-
rated by an enormous time interval; a time unit of the first
magnitude. The entire Mesozoic era is unrepresented in the
stratigraphic column. The indurated rocks are exposed at
but few points. The Saint Louis limestone appears sporadic-
ally along Skunk river, between Ames and Soper’s mill, and at
several points on Onion ereek, in Franklin township, while
the coal measures are sparsely represented by outcrops along
Bear and Indian creeks.

Rocks older than the Carboniferous are not visible within
the confines of the county, though the well sections at Ames
and Nevada amply demonstrate that every great period of
the Paleozoic is represented and appears in reverse order of
deposition in a vertical section underlying the county.
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At Nevada the following is the sequence and nature of the
strata penetrated, as determined by Professor Norton, and
published in his report on artesian wells:

NEVADA WELL.
Driller’s Record.

unusual character of the Pleistocene deposits.

|
STRATA. & 2 £
He8 | &
3 A
S (s N7 e AL ST NG, L% ST SR S  E AREN lr 30 30
(SN el e F s S e A R o e e (e s S R ey L 6 36
(e e e T T LAy 10 46
LIl e R S T T it SR B T e N o T Ll b e T N 55 101
e i o T Tk el ey Bt sy st N S S I 20 121
S5 T e e S RO, S IR T L T e 1 S 3 R 50 | 171
(AR O et e o I s o R R B e T 3 A TR TS 5 | 246
S et TG = LU i o i e L e et Wi i S P )
8 TR T M EIAG O e e B iy s it B 2y s AT, i 3 e o ek i 1 252
() b e BT o e N e i S D SR A F S e 267
e LS rore Rt RN et PR, SR B e e e T L T e S e 16 282
Lime rock, white, mixed with flint............................. 50 432
(Cqqamite oI Yy M ey SRR SC R, WPt I D Y T Y I N 50 482
B e e o T e e O S 93 51D
o0 o Ml 1 e T = et KN 1 S it of AN ol B i Mt S O e T 8 583
Lripestomei S He Moo s Bl U ait e adns S U e et 80 66 ¢
B ORI TR o = b a0 S o oo sehld it 5 Beaohlnbities i el ey Mt e SO 8 671
AR EREOnE, WITUE: =i o by s 08 S i L oo, Sobeih oG8 90 769
EIgateons Minie. =R 5l S L A~ S A e B e o LT 2 40 801
GV MBI 6 g o e ol o B gl 2 W S e T T S A 3 804
1 0 oA T b CY L1 YO Tl ity e A T At e B S I S R i 55 859
I TR SGOTE MR L) G e d ot 2 G Lo be St et o m il b iy, LR 40 899
Sl s dnkor 10 e, TERCo R o S-SR BB Tlse oAl o M C T L Ry 35 0934
HanmrrasE i TE R e e e A s LAY N e, 10 944
s ot o T e A e g T Y E S L et TSI £ A, T 12 956
iz 0 b R FEXC 1o 1w it T e, s Sl L Rl s M e g 8 964
Rl G B o e S s o A i o D e o et s e 4 b e 4 968
Limestone, white........ et i, t e o TRl P12 980
Interpretation by Professor Norton.
NOS. FORMATION. THICKNESS. A T.
25-28, 2 PleiBtoeame .« 2o i b i ST s 101 904
1924 “.Coal mEaRires): < bl onSrwry Jha rf fliss 166 738
16-18. Mississipplan...........c.cooiiieven... 216 523
15.- Kinderhook ... o it oo iiatoveianias 93 430
=T Weyomhioms Ni L s - A e wli A e 324 106
1- 6. Silurian, penetrated.................... 81 25

In the above section it is interesting to note the rather

Numbers 27

and 28 are referable to the younger drift, while 26 and a por-
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tion of 25, when considered in the light of recent develop-
ments farther west, show the presence of a considerable
deposit of loess. The top of the coal measures is at least fifty
feet lower than the west branch of Indian creek, while more
than sixty feet lower than the uppermost shales exposed at
the McHose clay pit, one mile west of the mouth of the well.
The Silurian shows an unusually arenaceous facies, and is the
principal source of water for the ¢ity supply.

The college well at Ames explores the earth’s crust down
to a depth of two-fifths of a mile, and is located about ten
miles due west of the Nevada well. The following is a record
of the beds penetrated in sinking the well:

DETAILED RECORD® OF STRATA PENETRATED IN SINKING

THE COLLEGE DEEP WELL AT AMES.

NO. OF DEPTH OF
SAMPLE. DESCRIPTION. SAMPLE.
1. Till, yellow; sandy to gravelly: upper portion
modified intosoil.................. .. . ... 1-16
2:'L LI "Dl ISBRATIYES ©  o segs e g8 re o BB 6§ s R s 16-32
3. Till, blue with some yelloweclay................ 35
4y Sands yRllon. § 55 W L AU Rl s e T b 40-50
5. Till, greenish-blue, containing an abundance of

gravel; numerous cherty limestone pebbles
are present; matrix effervesces freely with

dilute hydrochloricacid..................... 40-50
6. Silt, ash-brown, with a greenish tinge; calcare-

ous and absorbent, loess-like, but finer....... 62-97
7 Silt, slightly arenaceous................ccoonnn. 102
8. Sand, very fine, light yellow.................... 105
9. Sand with coarse gravel, water-bearing; limpid

and vein quartz pebbles abundant; limestone

fragmeimte. prasenti v, aoe i 0 ey diii e Bl 110-120
10 Shale, light, bluish-gray: calcareous and cherty 126
11. Limestone, blue-gray, argillaceous and pyritifer-

OIS e o e b Ve P Lo il (S LT o 151
12. Limestone, gray, argillaceous, with some limpid
(¢ hife s LTI WS S R Oty B 5% dre ™ g S Bt DR i 160-170

*The record Is based upon sample borings preserved by the foremen of the crews in charge
of the work. The writer Is also dependent on the drillers for the data concernlng the depths
at which the samples were 1aken. There is reason to belleve that more than ordinary care
was observed by those in charge in collecting and correctly locating the samples. Thereln
the record is more complete and reliable than is usual in such borings. Prof. W. H. Norton,
of Cornell College, has zenerously lent his skill in unraveling the drillings, for which
acknowledgments are gladly given.



NO. OF
SAMPLE.

13.

14.
15.
16
17.
18

19.

20.
21.

38.
39.
40.
41,

43.

17 G Rep

AMES WELL RECORD.

DESCRIPTION.

Limestone, light gray, soft, even-textured and
cherty: effervesces very freely with weak HCI
Limestone, slightly argillaceous

Limestongand shale, .o o owmiseitomismess s
Shale and limestone............c.c0 vovviinnn
Shale, blue, non-calcarsous and. pyritiferous. ...
Limestone, argillaceous, tending toward an

oolitic facies; effervesces strongly with dilute
SR N T T
Shale, with fragments of white limestone; fos-
siliferous and pyritiferous
Shale, earthly-blue and arenaceous

Shale, light, reddish-brown, with some green

shale; slightly calcareous...................
Limestone, blue-gray; green shale and brown
limestone Present. .......ccceeeetrrnrisinmas
Limestone, brown, pyritiferous.................
Limestone, brown, with fragments of white

cherty limestone and angular quartz grains

£ i R B R I N G Y S
Limestone, brown, argillaceous.................
Shale, light gray and highly calcareous........
Shale, gray-blue, calcareous....................
Limestone, yellowish-gray, with some carbon-

aceous matter........... ... ool
Limestone, white, compact.....................
Limestone, white, fossiliferous
Shale, light, bluish-gray.......................
Shale and limestone............................

Limestone, white and shale, greenish-blue, non-
calcareous

Shale, ash-blue, calecareous.....................
Limestone, gray-blue, with fragments of brown

limestone and green shale..... .............
Limestone, gray-blue......... .......... ... ...
Limestone, gray, and blue-green shale

Limestone, fossiliferous

Limestone, gray-brown, sub-crystalline.........
Limestone, gray-brown, and shale..............
Limestone, buft, sub-crystalline................
Limestone, bufl, earthly luster, soft; effervesces

moderately when treated with HCI
Limestone, blue and buff;

vesicular and magnesian

the latter is part

DEPTH OF
SAMPLE,

185
200
210
240
310

320
325

330

315
385

395
400
415
416-420

420
440-456
460475

590
600-610
615-640
645-660
660~G80
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SAMPLE.

44,
45.

46.
41.

o4,

66.
67.

68.

69.

70.
71.
T2.
73.
74

5.

7.

GEOLOGY Ol STORY COUNTY.

DEPTH OF
DESCRIPTION. SAMPLE.

Limestone, drab, highly argillaceous........... 710

Limestone, of various kinds; one a bull, earthy
limestone, finely laminated, and effervesces
slowly; the lamin:: are marked by dark gray

3,103 1 AR R Ay 1 e P ! 720
Dolomite, light gray.............coooivivi... 730
Dolomite, brown and gray, sub-crystalline; vary-

ing'iu hardnessand color.................... 740
Limestone, DU . cucimocspens s anins gueteinnss 750
Limestone, buff, with fragroents of olive green

shale (the shale was at 775 feet)............. o]
TATeEtone, B . ice e btin o wosoanges i 815-830
Shale and limestone...................ciiiiaan. 840-850
Dolomiig, ash-gPaY. . < carsiat e swssn s st ssias~ s 860
Dolouiite; WhidR. i s sub.qoens oo owt . dslie 5ad oo 870
Shale, green, plastic, non-calcareous........... 880
Shale, reddish-brown, slightly calcareous....... &90
Shale, earthy brown, non-calcareous............ 900
Shale, blue and green, non-calcareous.......... 930
Shale, brownish, slightly calcareous............ 940
Shale, brownish, with white shale.............. 950
Sbale, blue, non-calcareous..................... 960
Shale, earthy brown, calcareous........ ....... 970
Shale, blue............... o 980-990
Shale, earthy and calcareous. ................ 1010-1020
Shale, blue, calcareous ........... ............ 1030
Limestone, sharp drillings in an argillaceous

POWAET. ..ttt e 1040
Limestone, white............................. 1050-1060
Limestone, white, with much argillaceous mate-

rlal. ..o o b 1080-1090
Limestone, gray blue, with blue shale and white

chert......oieneroi e o sRrmE a5 Sl 1100

Limestone, gray-blue, compact, with white chert
in abnndance; drillings sharply angular... 1110-1130

Limestone, same as above, but less cher...... 1140-1170
Limestone, slightly earthy, gray blue........ 1180-1190
Limestone, gray blue, marly. .................. 1200
Limestone, buff, magnesian, marly........... 1210-1230
Limestone, ash-gray.........c.ocoveeniininnn. 1240-1260
Limestone, ash-gray, with fragments of non-cal-
careous, black and green shale.............. 1270
Limestone, brown, soft...........cco0 caian 1280

Limestone, gray and brown, cherty............. 1290
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SAMPLE.

78

79

80.
8L
Q2.

83.

84.
85.
86.

88.
89.

90.
91.
92.
93.
94.
95.

96.
97.
98.
99.
100

101

102.
103

104.
105.
106.
107.
108.
109.
110.
111.
112.
113.

AMES WELL RECORD.

DEPTH OF
DESCRIPTION. BAMPLE.

T.imestone, gray, with considerable reddish-

brown residual material..................... 1300
Litheston BB er by s St TP o e s dh iR 1310
Limestone, gray, with green shale.............. 1320
Limestone, gray, siliceous.................... 1330-1380
Shale, green, fissile, non-calcareous; fossiliferous

e BB ) s U M S S T R 1385-1410
Sandstone, fine textured, white; grains even and

WEIP W RIOT- WO 5 s wmsl” Su s s s maia s « sl &5 1420- 1460
Sandstone, caleiferous....................00 14701480
DBIRTOIS G ammt e S o 2w B sl sl iy Coo 14901500
Dolomite and sandstone; beautiful doubly termi-

nated quartz crystals present. ............... 1510
Ao il s o) e S M SN = N 1520
e3P 1 e e R ¥ T w8 1530
Dolomite, some coarse sand and green shale

ErERBIEN, Cont e b sl | & o ot T s 075 o sk LA R 1540
Sandstone and dolomite: sand varying in grain 1550
Sandstone, grains angular..................... 1560
B Y5170 1 o T Y = P S CLC R T T 1570
Dolomite, arenaceous. ... ...c.oovieiieraneeenan. 1580
Dolomite, arenaceous and cherty............. 1590-1600
Sandstoune, fine-grained, angular; calcareous

OS] Sl 1 P e P S 1610
Sandstone, yellow, with much silicéous dolomite 1620
Dolomite, highly arenaceous.................. 1630-1640
Dolomite, white, finely quatzose......... ..... 1650
Dolomite, arenaceous. ..........c.ocouvveunnnns. 1660-1680
Marl, yellow, in an argillo-calcareous powder;

cherty and quartzose ....................... 1690
IO O e i % e o e Pk ] i B B 515 B M o B E 1700-1710
Dolomite, highly arenaceous................. 720-1730
D10 01 o) ity NPT SRR L I N PR | g 1740-1750
Dolomite, with chert and sand.................. 1760
SHRAEEOCN:. . o ot 5w s om0y 4 Sl S 51 g g 1770-1790
R, (0 2 A et L R S T W), SR 1800-1830
Dolomite, arenaceous. ... ......... 0.cviniernen. 1840
Dolomi'e, argillaceous and arenaceous.......... 1850
1D YOS Ses « ™ 5 e o oo B os w g e bom il e 1960-1880
Dolomite.and Sand. . <, .. wos st we viedi? 80 Seions 1890-1910
Dolomite, highly arenaceous................... 1920
§ 7] Fornin it RO NSRS SRR S O, e Seary AN et 4 10 1920
26 Talala (P00 RPN R S Y W T 1930

177
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DEPTH OF

SAMPLE. DESCRIPTION SAMPLE.
115. Dolomite, arenaceous; sand grains well water-
st T g M)l SN Ree o (T o e L 1970-1990
116. Dolomite, arenaceous, with green shale...... 2000-2010
IR 87075 o A e T L SR Y L 2020- 2040
118. Dolomite, highly arenaceous................... 2030
RESH STy A TSP TS ST o, 2060-2070
120. Dolomite, argillaceous.........cocvvvnovui.is.. 2080
121. Shale, blue, non-calcareous..................... 2090
122. Sandstone, with dolomite and a little blue shale 2100
123. Sandstone, white and water-worn; a small per-
centage of the grains iron-stained............ 2110
124. Sandstone, white; grains fine, sharp............ 2120
125. Sandstone, as above, with coarser, well-rounded
fia s |- S AR STS W EHERRSTINGD SNl Sl G A T ) 50 2130
126. Sandstone, white; grains fine, even, well worn 2140-2175
127. Sandstone, white; texture variable............. 2185
128. Sanmdstone, grains stained red with iron oxide;
red and green shale present; grains larger than
above, and more angular; iron pyrites and a
black metallic mineral present.............. 2195
129. Shale, brownish-red, arenaceous................ 2205
LE0= SRS TRBBIY ol . e ot el A e g by s ) o 2215
Swinmary of Formations.
gt Sl 45 =
L]
& g2
= s | 2
o FTORMATION. 2
£ sl Ee
5 al| 23
Z H &=
B IeIStOTOR Tru potadil s o nmmspinls s SV o ol § o g ik oo T sy e 120 | 1000
AT Sk ey | I R G TS s, el 7 el Kb 300 880
BT eyl TR ISR L g e R e b, Lol S 310 580
R o T S e AN M e et L, e - A LN R 150 270
furks tani (2] 0 TN ey » Sy o e QLTI i T L e e Tl 160 120
AU Tl B e 1117 D) o WM SR N SRS St TS el S 380 | —40
L I ey Ty A R, B R e (o = RS LR L WAl o e 0 T 70 | —420
) T o R . E R etk R e L TR 510 490
Saint Croix (penetrated)............cviiiiiieinirenrinnas 115 |- 1100

The glacial debris is, perhaps, about the average thickness

for Story county.

The deposits of fine silt reached at sixty-

two feet outerops along Clear creek, about one-half mile west
of the college, where it attains a thickness of twenty feet,
and possesses the faunal remains, concretions and physical
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properties which characterize the loess in its typical develop
ment. The level of the outcrop is somewhat higher than its
equivalent reached in the well. The silt grades downward
into fine sand, similar to the sub-loessial sands exposed so
freely along the southern margin of the Iowan till sheet in
Polk, Marshall and Tama counties. The drift affords more
than the usual proportion of sand and gravel. A water-bear-
ing layer occurs within sixteen feet of the surface, a sand and
gravel bed ten feet in thickness was encountered at forty feet
below the surface, and the supertficial deposits terminate in a
bed of sand and coarse gravel which is also water-bearing.

The coal measures are not represented in the above section,
although the utmost diligence was exercised in the search for
the slightest clue to their presence. Conal is mined at Summit,
about eight miles north of the college, and 165 feet of shales
and clays represent the Upper Carboniferous series at
Nevada, ten miles east; while at Boone, twelve miles west,
266 feet of sandstones and shales may be referred to this
formation. It is reported that coal was found when sinking
the well at the Experiment station, about a quarter of a mile
northeast of the deep well. While this is altogether possible,
and even probable, it seems reasonably certain from other
data at hand that if coal in situ does really exist at that point
it can be little more than a detached basin or ‘ pocket,’” of
very limited area. It is more probable that the fragments of
coal which appeared in the slush bucket were derived from
included fragments in the base of the drift.

The Mississippian series consists of 100 feet of limestone,
followed by 200 feet of alternating shales and limestones.
The Kinderhook shales at the base of the series, which reach
such a marked development in southeastern Iowa, rapidly
feather out to the northwestward. The terrain is repre-
sented by 175 feet of shale at Marshalltown, 93 feet at Nevada,
20 feet at the college, and is scarcely recognizable at Boone.

The Devonian is represented, chiefly, by a series of lime-
stones, and, as in the case of the Carboniferous, is not water-
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bearing in this locality. The assemblage of beds thickens
westward, reaching about 400 feet at Boone.

Dolomitie limestone, interbedded with thin bands of shale,
constitute the Silurian. At Nevada arenaceous -beds are
present, and the city draws its water supply from this source.

The Maquoketa consists of non-calcareous green shales,
earthy-brown and blue shales, varying in lime content from
slightly calecareous to strongly calcareous at the base of the
terrain. The formation thins slightly westward.

The Galena-Trenton is represented largely by a massive
white limestone, highly siliceous in certain layers. The
silica is chiefly in the form of cherty concretions and limpid
quartz. The lower portion of the assemblage contains inter-
callated bands of green shale, and the Saint Peter sandstone
is crowned by a thick band of highly fossiliferous green shale.
The drill brought up fragments of this shale whiech contained
in abundance the remains of a marine fauna. Pygidia of at
least two species of trilobites: Dalmanites and Isotelus
(Asaphus), resembling some forms of /. g¢gigas DeKay, and
several species of brachiopods were recognized. Impressions
of the dorsal valve of Rafinesquina aliernata are perfectly pre-
served. So, also, some very good specimens of Orilhis sub-
wquata and 0. fissicosta were found, along with other small
Orthides, which were not so well preserved, and not capable
of specific determination. All of the fossils brought up by
the drill are found in typical outcrops of the Lower Trenton
shales, but Orthis subwquate is the only species whose range
+ is limited to that horizon. The Maquoketa, with the Trenton
shales, forms an impervious roof which effectually prevents
the escape upward of the water in the great sandstone reser-
voirs of the Lower Paleozoic. Although the water thus
imprisoned lies far below the sea level in central Iowa,
hydrostatic pressure brings it within pumping distance of the
surface when the shales are penetrated, and thus renders the
storage supply available. The area of intake in Wisconsin
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and Minnesota is higher than the average upland surface of
Towa.

The Saint Peter comprises about seventy feet of strata, the
greater portion of which is composed of white beach sand.
The constituent grains are remarkably uniform in size and
well rounded. These layers of water-worn sands are but
slightly compacted, the drill penetrating about thirty feet
during a single ‘“ watch.” The lower portion of the terrain
contains a calcareous cement and is more highly indurated.

The Oneota is essentially a massive dolomite bisected
unequally by a well-marked sand bed. Sandy]!layers
appear at other points, and siliceous grains occur in greater
or less abundance throughout the formation. The principal
sandstone band is known as the New Richmond by the Minne-
sota geologists, and is one of the chief water-bearing horizons
in that state. The Oneota grades downward into shales and
arenaceous shales, which make an easy transition from the
Saint Croix sandstone to the massive dolomite above.

The Saint Croix in central Iowa can be separated into three
fairly well marked divisions: an upper sandstone, a median
series of dolomites and shales, and a lower member, which
comprises sandstones, marls and shales. The upper two are
known as the Jordan sandstone and the Lawrence limestone
member is the Basal sandstone, according to W. H. Nor-
respectively, of the Minnesota geologists, and the lower
ton.* Of these divisions of the Saint Croix, the college well
penetrates only the Jordan, which has a thickness of one
hundred feet, and ends in the St. Lawrence. The Jordan
sandstone, with the New Richmond and the Saint Peter, are
the great reservoirs from which the well may draw. Their
ability to contribute to the general water supply, according
to pumping tests from these horizons, is in the proportion of
15, to 4, to 1, respectively.

*Iowa Geological Survey, vol. VI, p. 140.
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Geological Formations.

MISSISSIPPIAN SERIES.

Of the above series, only the uppermost member known to
oceur in Towa is represented, and appears in the west-central
part of the county. White* mentions an exposure of impure
limestone in this region, and referred the beds to the Saint
Louis of Shumard, named after the city whose location is near
where the rocks of this epoch are typically developed.

The Saint Louis is supposed to underlie the entire county,
and to form the basement for the coal measures. Itis known to
be the country rock over an irregular area in Franklin and
Washington townships, and perhaps extends into Milford and
Howard. The chief outerops occur along the Skunk and its
immediate tributaries between Ames and Soper’s mill, and
along Onion creek, in I'ranklin township. The beds exposed
consist, in the main, of impure limestone, but arenaceous
layers and calcareous shales are usually also present.

Northward from Ames, an earthy, buff limestone appears
above the river bed, about thirty rods south of the Wash-
ington-Franklin township line, and continues in view for a few
rods. This is the southernmost outcrop of the Saint Louis

limestone in the region.

Perhaps the most typical exposure occurs on the Se. qr. of
the Sw. § of Sec. 25, in Franklin township. Here the follow-
ing section may be observed:

SECTION I, NEAR BLOOMINGTON.

FEET.
5. Deift ... ... . S LN e L ' 1)
4. Limestone, earthy, yellow; very much disintegrated and
rubbly; bedding planes almost eliminated.__._.____ 4
3. Limestone, fossiliferous..... ... _ .______._.. saleae 1

*Geology of Towa. vol. 11, pp. 259-60. Des Molnes, 1870.



GREOLOGICAL FORMATIONS. 183

FEET.
2. Limestone, similar to 4; bedding planes apparent, but
showing tendency to become marly and assume & fis-
slle shruchire o plEses=c v 2 joi. cemiln 0w 0 3
1. Limestone, butf to gray-buff when unweathered and

massive; layers from ten to twenty inches in thick-
ness; compact, lithographic in texture, fracture con-
choidal to uneven: and earthy when weathered
(OXDORcISEel T ¥ Sl b dal e e s 6

F1a. 19. Saint Louis, as viewed near Bloomfield, and described in Sectiou [1. X, near

the top. shows the positlon of the fossil horizon.

The lowest layers exposed lie about twenty-five feet above
low water in the Skunk. The drift cannot be differentiated
at this point, and apparently only the Wisconsin is repre-
sented. Limestone fragments are very abundant near the
base of the drift, and in places the rubble layer graduates
almost insensibly into undoubted till. The small stream
which the quarry faces contains numerous masses of chert,
which apparently belong to layers higher in the series. The
parent ledge, to which these fragments belong, is not visible
in this vicinity. Many of the masses are cavernous, and take
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on a geode-like character; the cavities oftentimes being
decorated with well developed quartz erystals, which project
in towards the center. The cherty layers may be seen in situ
at Soper’s mill, where it appears from ten to fifteen feet
above the water level.

The entire assemblage of beds is characterized not only at
this point, but over the entire area, by a buff or earthy buff
color when weathered, and gray-buff to blue-gray when
unweathered. The beds are lithographic to earthy in texture,
this depending on the various stages of weathering. A
Fenestelloid Bryozoan and a Syringoporid coral occur through-
out the upper half of the section.

The fossiliferous band is really a reef composed of Cyatha-
pbylloid individuals of very complex forms and entwined in a
most complicated manner. The internal coralline structure
of the individuals represented is entirely destroyed, and the
molds are filled with crystalline calcite. Associated with the
corals are the following forms, which leave little doubt as to
the Saint Louis character of the beds.

Productus marginicinctus Hall.

Athyris subquadrata Hall.

Spirifer keokulk Hall.

Terebratula ( Diclasma) turgida.

Lingula Sp.(?)

All of the faunal remains are very imperfectly preserved
and are obtained only with great difficulty. The tossil-bear-
ing zone is very persistent and can be recognized throughout
the area wherever the equivalent beds are exposed.

Two hundred yards north of the preceding section, the
Saint Louis beds appear on bothsides of a ravine which enters
the small creek just mentioned. The beds equivalent to the
upper half of the section just described have been removed,
and the profoundly planed, grooved and striated surface pre-
sented by the indurated rocks is but the unmistakable imprint
of the agent which effected the removal. The strizc main-
tain a constant direction and trend 32° east of south. Two



BLOOMINGTON SECTION. 185

drift sheets and a gravel layer are present. The sectionis as
follows:
SECTION II, NE\R BLOOMINGTON.
FEET.
4, Till, pale yellow, slightly oxidized and leached, and
containing numerous limestone fragments and bowl-
HerEpd et f 2 s A B Tt A W e as 6
3 Gravel and sand, more or less stratified and cross-
bedded, and carrying numerous greenstone p:b-
bles ...
2. Till, blue, jointed; stained yellowish-brown along the
joint planes; very compact; can only be removed by

use of the pick; greenstones predominate .___.___. 2
1 Limestone, gray-buff, compact and massive: the same
ag No. 1, in the first section (exposed) ._...._......__ 10

Fia. 20. Saint Louis, planed and scored; two drift-sheets, and inter-glaclal
deposits present; described in Section IL.

It appears evident that the planing and grooving was done
during the time of the first glaciation represented by No. 2,
and that the ice which formed the later till did not touch the

-stratified rocks at this point.
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In section 26, the low ridge which skirts the flood plain of
the Skunk on the east appears to be rock-supported, but no
indurated deposits are visible until the southwest quarter of
section 23 is reached. Kast of the wagon bridge, the former
site of Hannom’s mill--and still known by that name—contin-
uous outerops appear on both sides of the flood plain; on the
south, forming a low bench from which the drift has been
almost entirely removed, and on the north, appearing at the
base of the bluffs which have retreated some distance from the
present stream channel. The river runs against the south
bank, and the bench is bounded by an escarpment which
exhibits the following sequence of beds:

SECTION III, AT HANNOM’S MILL.

Soil and bowldery wash . ... ._...
Limestone, residual and concretionary -.... . i

—

Limestone, arenaceous, yellowish-gray to blue-gray,
thinly-bedded and much fractured; in places argil-
lazeous, while in others tends towards the massive;
the fissility is apparent y a function of weathering;
small eherty coneretions present .. gt AP 6

Sandstone, grayish-blue friable; shaly below

Limestone, impure, grayish-buff, uneven to earthy frac-
ture: compact and heavy-bedded ._.. ._._______ 1

o oo

Limestone, gray-bufl, compact, almost lithographic in

charaeter < L . Y B TP AL T 4 9L

The base of the above section is the water level in the river.
The *‘coral reef” with its associated fauna bisects No. 1,
and oceurs at a level nearly twenty-five feet lower than at the
type section near Bloomington. The sections are removed
from each other about two miles in a northwest-southeast
direction, presumably coincident with the line of strike. The
average dip would be therefore about twelve feet per mile
and only demonstrates the presence of a local undulation.
The beds exposed north of the flood plain are for all practical
purposes a duplication of those exposed on the south side.

North of Hannom’s mill the Lower Carboniferous rocks pass
from view, being concealed by the Pleistocene deposits until
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Soper’s mill is reached. Here, as stated in the discussion of
drainage, the river flows in a new channel, having been
diverted by the last ice-sheet and obliged to cut directly
- through a hill. The Saint Louis limestone appears in both
sides of the gorge, and about twenty-five feet of earthy buft
limestone, with considerable chert intersperged throughout.
is exposed. The section is very much obscured by talus and
drift, but the following is a fair approximation.

FEET.

4. Drift, pale yellow, bluish below, unoxidized and
Dt { . Too) ) A S| ISRy ey .o 10
3. Limestone, rubbly, with occasional heavy ledges. . 10

2 Limestone, cherty, concretionary, cavernous; some of
the larger caverns coated with calcite crystals,
which consist of complicated combinations of the
scalenohedron and rhombohedron, and smaller
quartz decorated caverns .... = __._.._._.__ 5

1 Limestone, gray buff, compact; heavy, but irregularly
bedded; some of the layers two feet in thickness... 10

The strata in the above section cannot be correlated with
the preceding sections with absolute certainty. Diligent
search was not rewarded by even a trace of an organism. The
arenaceous beds were not noted at this point. Aside from
this the dominant characteristics are so nearly identical with
those observed in the preceding quarries, that these beds
doubtless may be referred to the same formation with a high
degree of certainty.

North of this point no further exposures are known along
the Skunk. Similar outcrops, on a smaller scale, appear
along Bear creek for some two miles up stream, when the
Saint Louis disappears beneath the coal measures.

Although Squaw creek has cut to practically the same level
as the Skunk, and the restraining bluffs have, at several
points, the appearance of being rock-supported, no exposures
are known to exist. Onion creek, however, breaks into the
flood plain of the Squaw from the west, through a rock-bound
gorge. The Saint Louis is visible at numerous points on sec-
tion 32, in Franklin township, and attains a maximum of
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twenty feet above the water level in the creek. The beds

are less constant
Skunk.

here than are their equivalents on the

On ascending Onion creek from the flood plain of the
Squaw, the first important exposure appears on the left bank,
where the following sequence may be observed.

SECTION V, NEAR TIIE MOUTH OF ONION CREEK.

7. Drift, very
6. Limestone,
5. Limestone,
4. Limestone,

bowldery .. .. _____._._.. L UL T 2
impure, very much shattered and weathered 1%
heavy-bedded, forming a projecting ledge 14
shaly, and containing numerous remains of

a IPenestelloid Bryozoan (Penestella zone). .. _______ 1

3. Limestone,

yellowish-buff to gray buff; close textured,

and bedding planes not apparent; the upper 15-inch
layer more indurated than the lower portion; non-
fossiliferous throughout_ _______ ______________ 7

2. Sandstone,

gray to yellowish-gray, calcareous and

shaly; but slightly indurated and irregularly bedded 4
1. Limestone, buff, thinly and unevenly bedded; exposed 2

Organic remains here, as elsewhere, are very scarce.
Aside from the Bryozoan, a Syringoporoid coral appears in
the limestone layers, and seems to be common to nearly all
of the limestone exposed in the region.

About 100 yards up stream from section 5 the following
beds, on the opposite side of the creek, may be viewed:

FEET.
6. Drift, as in the preceding; only one dritt sheet can be
identified in any of the exposures of the area..___.._ 5
5. Limestoae, much weathered and shattered___._......_. 2%
4. Limestone, buff, compact to earthy; heavy-bedded; the
lower layer approximates two feet ... ... ... 5%
3. Limestone, cherty, concretionary and cavernous, and
containing much iron in the form of limonite and
pyrites; forms a projecting ledge in the quarry face 13
1. Sandstone, argillaceous, fissile; becoming shaly below,

.25:¢) 1301311 | PASR S ite L C NOT T A f 3

The base of the

section is about two feet above the water

in the creek. The beds are, apparently, absolutely devoid of

organic remains.

The creek impinges against the bank at
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this point, and the softer layers below, by undermining, aid
in maintaining an escarpment. See figure 21.

I"1q. 21, Representative section of Saint Louis limestone, as it appears
along Onion creek.

One hundred and fifty yards southward the beds exposed to
view indicate that shore conditions with variable currents
prevailed while the deposits were being put down. Bryozoan
remains are very sparsely distributed in the limestone layers.

The section shows:
FEET.
Drift, almost entirely removed ... .._....._..... __. 0-2
5. Limestone, rubbly, thinly-bedded and much weathered,
stratification planes almost entirely eliminated; beds

graduate upward into a residual elay ... __._____ 4
4. Limestone, impure, yellowish-buff to gray-buff, com-

pact to earthy; heavy-bedded .... _____ ._. i
3. Limestone, finely arenaceous and marly;'contains beauti-

fully preserved mud cracks and ripple marks .._.. 2

2. Sandstone, white to bluish-gray, friable; obliquely lam-
inated and fissile; readily undermined by the creek
during seasons of high water . __. _____ ___ ____ 13

1. Limestone, concretionary; contains much limonitic iron;
exposed above the waterlevel ..____._____.___ ... 2
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Near the center of section 32. where the creek changes
from a west to east course and flows almost due north, about
ten feet of the older rocks appear. A fossiliferous band
occurs here, and is probably the equivalent of the fossil-bear-
ing zone described in the Bloomington section.

The Brachiopodal remains are confined to a layer scarcely
a foot in thickness, while the corals and Bryozoa have a
wider range. All of the organic remains are in a bad state of
preservation, and cannot be specifically determined. Of the
Brachiopods, representatives of Productus, Spiriferand Athy-
ris prevail. In the drift a fragment of sandstone, bearing

casts of /noceramus—sp? and a portion of a keeled Ammonite,
very similar to 4. (Zlacenticéras) placenta DeKay, were found.

The lowest beds in the Onion creek area outcrop here, and
dip at a low angle both to the north and to the west. In the
latter direction they soon pass from view beneath the hetero-
geneous materials of the drift.

The Lower Carboniferous deposits are reached at many
points in Franklin, Washington, Milford, and Grant townships
and apparently are not overlain by coal measures; but outside
of the area described, they are not known to appear at the
surface.

PENNSYLVANIAN SERIES.

THE DES MOINES STAGE.

So far as now known the coal measures are present over
seven-eighths of the area of the county. The Saint Louis
floor is fully as irregular as the present surface, and is respon-
sible, in a large measure, for the great variability in the
thickness and the anomalous distribution of the beds belong-
ing to this stage. The outerops of the Saint Louis have ele-
vations of 950, 940 and 975 feet A. T. for Onion creek, Han-
nom’s and Soper’s mills respectively. While well sections
show that the same formation is reached at 830 feet A. T. at
the college, Y00 A. T. at Story City, and 774, 800 and 700 feet A.
T. for Nevada, Maxwell and Collins respectively. The general
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inclination of the coal measure basement is to the east and
tilts slightly to the south.

While so widely distributed, outcrops of the Des Moines are
very rare, and are wholly confined to a narrow zone which
extends from Story City and Roland in a southeasterly direc-
tion across the county by way of Nevada and Maxwell. This
band forms a distinct ridge in the indurated rocks, and expos-
ures occur wherever the more important streams cross it.

About one mile southeast of Story City alternating bands
of sandstone and shale appear a few feet above the water
level in the river. Clay-ironstones are noted in the stream,
and the flood plain is much constricted at this point, being
scarcely more than one hundred yards in width. Eastward,
in section 18, near the mouth of Long Dick creek, a fissile,
highly carbonaceous shale, coaly in places, rests upon a gray-
blue fire clay, the top of the clay being almost coincident with
low water level. In certain places a highly ferruginous shale
appears above the coaly layers. The iron appearsin the form
of limonite concretions, and where exposed assumes a deep
red-brown. The maximum exposure does not exceed four
feet. The water in the almost isolated ponds which repre-
sent the river during seasons of low water, continues murky
for some distance down stream, but the coal measures are not
visible below the junction of the above mentioned creek.

Near Roland, at Swenson Brothers’ coal pit, several feet of
clay shales over sandstone are exposed along Bear creek;
while at Nevada, at the McHose clay pit on the West Indian
creek, eighteen feet of shales are exposed, and at Maxwell,
fifteen feet of argillaceous deposits may be viewed. The
above outcrops represent the maximum exposures of the Des
Moines in the county. Data collected from wells and shafts
give more information concerning the distribution, thickness
and nature of the Upper Carboniferous deposits.

The Larson well, on the northeast quarter of section 5, in
Latayette township, penetrated twenty-five feet of sandstone

and shale; and the Tilden well, in section 17, in Franklin
18 G Rep
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township, revealed twenty feet of the same material. Both
wells passed through thin seams of coal. The following is the
driller’s record of the well put down for the C. & N.-W. Ry.
Co. at Story City.

FEET. INCHES.

18. Soil and yellow elay.........covviieiriivanann 12
LT CAap S BINat dec ol o by Wnbe n g S o iy So g pteny 22
16. Quicksand, fine, white, with a little water.... 6
% AT TS~ sk st Ml T i B e, DG e 51 6
14. Quicksand, with water....................... 1
13. Earthy material, hard, black................. 6
1 (=18 ¥, R TS et T IS et e e 3
11. Sandstone, very hard, white.................. 2 6
10k LPiPe- i i e IS il s paninl S A0 b i 1
9. Sandstone, with seams of clay, one to two
inches in thickness, intercallated.......... 9
o v IV e ) Tk e S g R0 o2 ol 6
7. Sandstone, ferruginous; magnetized the drill 1 6
O .= L TS N STV e T JT ol e S e 4
5. Chert and fire clay in alternating layers, vary-
ing from five to fifteen inches each........ 8
4. Sandstone and chert...............ooial 1 2
3. Sandstone, with much water.................. 12
2; Cherbtransitional < 5 ot s e fash o st 40 L5 0 5
1. Chert and clay, as before..................... 22

Pyritiferous bands and layers of coal from one to four
inches in thickness were reported to be associated with the
fire clays. The section is scarcely susceptible of more than a
tentative interpretation on account of the doubtful nomencla-
ture used. The drift attains a thickness of eighty-seven feet,
but it is impossible to delimit the coal measures. The great
abundance of chert reported may, perhaps, be a case of *‘ mis-
taken identity’’ and is confusing. Clay-ironstone would be
more in harmony with the fire clay and coal with which it was
said to have been associated. Inany case, the Des Moines is
certainly present, and is represented by the usual alternating
sandstones and shales with carbonaceous layers.

A well at Summit exhibits the followihg sequence; the
record being furnished by Mr. W. S. Johnson.
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WELL SECTION AT SUMMIT.

NO. DESCRIPTION. FEET. INCHES.
2B B G et e 5 T il SN ot s i 3
2 YA Ve G s ls s = o Bis S e w4 6 i 20
2 T (07 AT 3 (R el S e N S P TN 5
22 Y S B L s s - o R e Y 1
AR ST TR vy o T o R S T2 ¥ S . W P 411 46
200 Sand, YRIIOW iy s ok frg 4 b o's s g o s £ 8 20
LTS 9215 Ts T 70| e g NSRS S Mt ot S G B S L S 1
18]- - Cllivye SBRTEY o . o' S bhm s arans & 4o demg < iy os sl 3
B TRl g il da 5 PN i B e e ] B e e B 4
18w BHDE: R d i a e 55 e D e e 2 4k 3 2k 1
BB O i b P T i PPN - g e 5
(1 P s el % PO L 1 G S S S 11
3R 003 SN L T < R B I L o 5
T2 > PRI . o WO s B L G At g e e s 1
LN Ll /01 A T R SRt R S e o
10 Blake, darke BIviS, 4§ . oaaaied 0 gis beash ans s o 4
9.7 *Slate Took; DEBE . . grsan o 55w i rasas bomsgs g s b 3
SRR 00 e o (b o < S It s [ e R R 8
TG, R, PN SIESEPERCRE W ¥ Py SR 4 6
[T T TR T . BB e 3
SN 27 A ME S TR I B rit R O, L 1 6
O el et S IR T TS S, T 18
gl olr. R T R [N TR S L I ] L 1
2l T ol N R Ak W K ma gt iy i e .. 38
P Sl e W Ly WALt b

An interesting feature of the above section may be noted
in the Pleistocene deposits. Number 21 is designated ‘‘ sea-
mud ’’ by the drillers, and probably represents the loess—a
fact which will be elaborated in the proper place. Thelower
112 feet are clearly referable to the Upper Carboniferous, and
consist essentially of clays and clay shales alternating with
arenaceous layers and thin seams of coal. The shale which
forms the roof to the principal seam of coal at number 7, con-
tains numerous specimens of Zingula mytiloides of Meek and
Worthen.

The Nevada well shows 166 feet of shale, which represents
the entire thickness of the coal measures at that point.
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At Maxwell, a well located near the clay pit of the Maxwell
Brick and Tile works, passes through the following layers, as
reported by Charles McHose, proprietor of the works.

FEET. INCHES.

LIRS Vo) | (P et M, T Rty s TR £ DL SRS G
2% "EandiFORK ] A R i e e ¥ 2
38, Soapstone.... .......... SE Tt N iTael v 2
el =1 o i ot EasE o O A et T S 2
B8] SOMPSIDNG, L EPAT s s «.o's oy fwsagibon § Ao s s 2
BB, Potbers clay, medi i, . s dimee oue v e e F o 2
3d. - Potter’s clay; gray:. iicee i v daiies AT O 2
33. Sandstone, gray, blue........................ 5
L3 L ol s g, AT SN AN e 2
) ERC v W0l L gl el s NP B ) (TR 1
B TmaN otuh - bl LB R0 REL Gl LA Tte oS 6
Qb DHERIDEORE <o < i i bt gl W5 o7 Bart o wbin Sy oes B 11
28!  SARAEOEIT a5 o1 T ety SL LS A e T 2 6
s w DUATTRENE ¢ o 58 g 501 W2 £+ R v A A 0 Y5
26. Slate, decomposed, black..................... 11 6
25. Slate, bowldery below............ ........... 1
b SR e, AR | T P o SR, 3 8
20, BIRSAMY & ¢ S e el A Y Nt P i 1
22. Slate, various shadesof gray................. 13
21. Soapstone and fine grit. ............ ... ... 6
2067, ~FIpe-ER g v o v s e a7 T B i =90 2
18, = SOBDEBDING L'k 550 o bkt s g i S w5 R A 4
b 4 e T o O S, ST S0 I ] 16
17. Black-jack, impurecoal...............ccooot 6
[ A L T | e B SO S R LY (5 PO S0 P 2
A0 < SOAPERGIAR & ol a2 5 Ry e i T2 4 4
11 R e TOR 7 0 g R T, TS A e 6
18. “Clohl; BOBIRN. 5505 s o T paga bt o g I 40y s 2t 3
1B SOBDELOIYS . P UIB s .5 ¢y e s i s WA o4l P 3 B
= 11.) “Sandstons; 86f. . %k ;o S e b St 2
L3 E = a7 0 o1=50c6 )k M (T R e SR e Gkt 1 2 2
9 Slabe, DIRCR i i o« Tt sd hmms S o dsi T Wik 7
o T4 i3 S P ol Mt SR, R o A7 1
A 6 U0 170 (o W T Y IERERRS YR, 1, i 0 Sl 5 7
6.4 Blaten sl T o 6 5 e T e 5 e et il e 4 :
0 oS e BHEI. = L p s e e el 5 gy 0 9 4
b - T BoapBtomied, . e 5 el s ey daw mg s 4 [ el e A 1
SR 216%: 1 et g WL L T P, e S e TP 1 8
b Tt 5 T i i N o e S T L ot 3
N SRAIETRERY T . < o v o ot srsinie Pt et el Fanl ot 4 £2 6
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Arenaceous beds and grits are more in evidence here than
they are in the Summit and Nevada sections. The mouth of
the well is located on the bottom of a small ravine which
enters Indian creek from the east. Add to the beds pene-
trated by the drill the shales exposed at the pit, which lie
above the mouth of the well, and a total of more than 160 feet
of coal measures are present in this portion of the county.

In Collins township, section 34, a shaft sunk on the bottom
land along Wolf creek, penetrated seventy feet of glacial
debris, and more than seventy feet referable to the Des
Moines.

SUMMARY.

So far as now known, the coal measures underlie the entire
eastern two-thirds of the county, and occupy the whole
of Palestine and Lafayette, and considerable areas in Wash-
ing and Franklin townships. From Soper’s mill south, the
Skunk river has doubtless entirely removed the coal-bearing
beds over at least the area mapped as flood plain, and, per-
haps, in addition, the terrace areas as well.

The beds referable to the Des Moines are overwhelmingly
argillaceous. Fire clays, clay shales and shales of various
compositions and textures greatly predominate. Arenaceous
beds and carbonaceous seams form an integral, but minor
part of the section. The beds probably attain their maximum
thickness in the south central portion of the county where
they exceed perhaps 200 feet.

THE PLEISTOCENE SERIES.

Beds referable to the Pleistocene period almost completely
mantle the county, and consist of bowldery gravels, sands,
silts and clays, usually commingled in a most complicated
manner, and forming a heterogeneous deposit known as the
‘““drift.”” Only the more important drainage lines have com-
pletely cut through the drift, and these at but few points.
Hence the physical features find their expression wholly in
the Pleistocene deposits. Not only is the present landscape
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dependent upon this superficial mantle, but the latter is the
chief source of fhe wealth of the community as well.

While to the layman an attempt to classify and arrange the
constituent elements in this confused mass of rock debris
would appear to be a profitless and hopeless task, a careful
examination shows that it is possible to correlate certain of
the beds and bring some order out of chaos. The PPleistocene
deposits in Story county show the presence of at least two
drift sheets, which demonstrates that the region must have
been subjected to an equal number of ice invasions. The till
sheets are separated by, and overlain by, deposits character-
istic of interglacial and post-glacial times. In many well sec-
tions gravel and sand in considerable amount, containing peb-
bles foreign to the locality, are found resting upon the indu-
rated rocks underlying the lower till sheet and suggesting
the possibility of a still earlier ice invasion.

KANSAN DRIFT.

Deposits referable to the Kansan stage were produced by
the Keewatin glacier, which, at its maximum extension,
crossed the Missouri river into Kansas, a fact which suggested
the name of this sheet of drift. The Kansan ice sheet
undoubtedly planed and scored the entire region, and the till
formed by it appears to be equally widespread, save that over
certain insignificant patches it has been removed by erosive
agents subsequent to its deposition. Although so generally
distributed, it is even more obscured by the later deposits
than are the indurated rocks, and our knowledge of its char-
acteristics, thickness and distribution have been gained almost
wholly from artificial exposures and sections. The only
natural outerops known to the writer occur about Hannom’s
mill and Bloomington along the Skunk, and in the vicinity of
Maxwell along road cuts and ravines. In all of these cases
the exposures are very insignificant, and never exceed a few
feet. At Bloomington, the ferretto zone of the Kansan is very
sparingly exhibited near the base of the bluff. At the quar-
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ries, about two feet of very compact bowlder clay rests
directly upon the Saint Louis, and is referred to this stage.
Of the individual bowlders, the greenstones predominate.
Near Hannom’s mill, the ferretto is more in evidence. Along
a small creek entering the Skunk from the north, several feet
of till, oxidized to a deep brick-red and thoroughly leached,
is exposed. Greenstones are abundant, and the granitic peb-
bles and bowlders are in an advanced stage of decay. In the
Maxwell area the ferretto appears some twenty feet up from
the base of the V-shaped draws and ravines: it is generally
overlain by the loess, and contains the characteristic bowl-
ders. In no case is the unoxidized portion open toinspection.
At all other points where the stratified rocks are exposed, the
Kansan appears to have been entirely removed, or else it is
wholly concealed by talus slopes of the younger deposits.
From the extreme paucity of natural exposures, even where
the country rocks are laid bare, it is obvious that either the
Kansan till sheet in this area was never comparable in thick-
ness with equivalent deposits in other regions, or else the
younger ice sheet dealt with it very harshly. To gaina more
correct idea of the importance of this till sheet, well sections
must be examined.

LARSON WELL, NE. QR. OF SEC. 5, LAFAYETTE TOWNSHIP.

FEET.
10, Soiland yellow clay ... toicccmivommcce oL 10
S Clawblne ool i e B
SV AOTIGEBARTTS | 5 st o a5 e ol [ 80 8 s S e i 5
7. Clay, blue and yellow mixed ... ____ . ... ... __._... 5
Bse QEidkERRA o bt om e e T s T 1
ST ) Y T S N S =1 PR Lt o 7
4. Sandstone, gravel, water-bearing ... __.___..___ ____ 50
S OO o, Wiy o S e B e e B o B s 6
e ) R e SR R LSS . " .7 2
Shale, blue.
Shale, black
i Gl v ot Bt o e 15

Fire clay...
Shale, black

ik, (o R L S T S VET R B _116
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Interpretation.
@
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z = a
S0 ] NI ORI o e T ¥ 5 i ki b e B e N b o 00 o o1 15 15

I e e P A Sl R SR e S R S T 5 20
e A | 11T o e, A W R, i S S el L s T 83 | 103

A =4 AT Pl e o e Ao i e e ¥ o [ g oy Al ol s o 5,55 50 153
B e e o 1w iy e el R RO I s URER Rt s e 23 | 176

The heavy deposit of sand and gravel, number 4, is some-
what anomalous, and may signify a preglacial channel. The
mouth of the well is not far distant from Keigley’s branch,
and the top of the gravels is about the level of the water in
Skunk river. The Kansan, as interpreted in the above sec-
tion, shows the ferretto zone slightly developed and a heavy
deposit of blue till. Number 8, which is reported as quick-
sand by the drillers, may be loess.

TILDEN WELL, NE. QR. OF SEC. 12, FRANKLIN TOWNSHIP.

I'EET.
5. Soiland yellowelay.........cooviiiiniiiiiineian. 45
S 1 S s e e S T S P e L A 10
= o 021 b 71 - TR 1 g S, el o LI SN el WAL S | 63
b Rl S U A R p— S L N L e LTI |
{. Sand, with coal and water ............. ............. 8
] 7Y BN NPT, Sl Rt RN e SRR | 138

This well obviously entered the coal measures after passing
through 40 feet of Wisconsin, 10 of loess, and 63 of Kansan.

In the college well, at Ames, no material can be referred to
the Kansan with certainty, although the loess is underlain by
fine sand and ten feet of coarse gravel conglomerate. In
Palestine township detailed records are not obtainable. The
drift is upwards of 100 feet in thickness, which, after deduct-
ing the Wisconsin and making some allowance for the loess,
which is known to exist in the township, reduces the Kansan
to much below its normal thickness for central Towa. Execept-
ing in probable preglacial channels, the Kansan rarely
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exceeds fifty feet in thickness in the western half of the
county, and the ferretto zone is not obvious enough to attract
the attention of well drillers, save in rare instances.

In the eastern portion of the county glacial deposits attain
a much greater thickness. As nearly as can be determined
from the well records the drift varies from 100 to 300 feet in
Collins and New Albany townships, and from 150 to more
than 300 feet in Sherman and Lincoln townships. While it is
possible to obtain approximately the total thickness of the
Pleistocene deposits, it is impossible, with the data at hand,
to differentiate them into the various drift sheets and inter-
glacial beds.

BUCHANAN GRAVELS (7).

In College park, at Ames, certain coarse, much weathered
gravels appear along the roadway which winds around the
base of the bluffs skirting Clear creek (figure 22). These
gravels consist, chiefly, of well worn bowlders of granite,
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F1a. 22. BRuchanan gravels? College Park, Ames, lowa.
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greenstone, chert, and a few ironstones. Limestones are
represented only by the cherts. The granites and all of the
coarser-textured rocks are in an advanced state of decay, and
many of these appear in the side of the road cut, broken
directly across, instead of being removed from, their matrices.
The entire deposit is deeply iron-stained, and bears the
unmistakable marks of age. It is clearly overlain by the
Wisconsin till, and what appears to be modified loess lies
above it. Gravels occupying a similar stratigraphic position
have been noted along Squaw creek at several points, and all
are provisionally referred to the Buchanan stage.

THE LOESS.

The Towan till is not known to be present within the con-
fines of the county, but the loess, which is supposed to be
genetically related to the Towan, has been recognized recently
at several points, and is believed to cover a considerable por-
tion of the area. This most paradoxical of deposits is
unconformable with the Kansan below and with the later
drift above. It grades upward from fine sand and sandy silt
to silt and clayey silt, and carries much lime throughout. In
the upper portion lime concretions known as loess-kindchen
and loess-mannchen are commonly present, and in some places
root-casts, and even wood fragments, are not uncommon.
Molluscan shells are usually present, and oftentimes occur in
great numbers.

The loess is exposed at numerous points along the flanks of
the deeper cuts in Indian Creek and Collins townships. Over
a very small area in the extreme southeast corner of Collins
township the loess has never been covered by the later drift,
and hence forms the surface soil. There are occasional
exposures in Franklin and Washington townships along the
tributaries of Skunk river and Squaw creek.

Inferentially, from a consideration of well sections, spring
lines and topographic features, the loess covers a much larger
area. The best exposures are located on sections 5 and 34, in
Washington township. That on section 34 exhibits nearly
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F16. 23. Clay pit of the Kelly tile works; 1, represents the loess, and 2, the
Wisconsin drift.
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twenty feet of silt, silicious below, underlain by a gravelly
bowlder clay, and covered by from five to twenty-five feet of
Wisconsin till. The silt is distinetly jointed above and stained
a faint yellow-brown along the joint planes. It grades down-
ward into a massive, structureless, pale blue, clayey silt,
which contains an abundance of root-casts, wood fragments,
and black, carbonaceous spots, and emits a distinct swamp-
like odor. The entire deposit is highly ealcareous and carries
a rich gastropodous fauna. The majority of species repre-
sented are strictly terrestrial in their habits. The following
species were identified by Prof. B. Shimek.

1. Zonitoides shimelii (Pils) P. & J.
Sphyradium edentulum alticola (Ingers) P. & G.
Pupa muscorum L.
Bifidaria pentodon (Say) Sterbi.
Vertigo ovata Say.
Conulus fulvus (Mull).
Polygyra multilineata (Say) P. & J.
LPyramidula striatella (Anth) P. & J.
Vallonia costata (Mull) Sterbi.
10. Suceinea lineata Binn.
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11. Swuccinea avara Say.

12. Limnewa humilis Say (?).

Loess concretions are relatively scarce and are diminutive
in size. The deposit shows no signs of oxidation or leaching
where the drift covering is thick, but where the covering is
so far reduced as to afford imperfect protection from the
weathering agents both leaching and oxidation may be noted;
and here alone are lime concretions to be found. 1t is obvious
that little or no alteration took place prior to the deposition
of the overlying drift.

The outcrop in section 5 is an almost exact duplicate of the
section just described. The dritt mantle is thinner, and from
two to five feet of the loess has been stained to a yellowish-
buff. Loess concretions are more in evidence, thus attesting
the greater progress made in leaching. Here, again, the
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upper portion is distinetly jointed, while lower, the deposit is
apparently structureless. The jointing is due, no doubt, to
the pressure exerted by the Wisconsin ice. Gastropod shells
abound throughout.

WISCONSIN DRIFT.

Many of the larger, and essentially all of the minor phys-
ical, features are impressed in the Wisconsin drift sheet.
This drift is represented, chiefly, by a bowldery clay which
has suffered little change since its deposition, either phys-
ically, chemically or mechanically. The till contains numer-
ous patches and lenses of sand and gravel, in whose deposition
running waters was obviously an active agent. These sand
and gravel deposits oftentimes form conspicuous surface
features and appear as knobs and kames. Bowlders are
numerous and, in many instances, attain an enormous size.
Barring the younger volcanics they include nearly all of the
rock species known to lithology. Gray and red granites pre-
dominate, but there is a liberal sprinkling of limestone blocks,
and the gneissic and basic rocks are well represented. All of
the erratics® are remarkably fresh, and many show one or
more planed or faceted surfaces. Of the smaller bowlders
and pebbles clay-ironstone and fragments of calcareous and
cherty rocks are very abundant. The deposit is not only rich
in lime pebbles and bowlders, but it contains an abundance of
lime concretions; and the clayey matrix, even at the surface,
effervesces freely when treated with dilute hydrochloric acid.

The topographic features of the Wisconsin are remarkably
immature. Ponds, undrained basins and incipient drainage
lines are the rule, and afford corroborative testimony as to
the extreme youthfulness of the deposits.

The Wisconsin till attains a thickness of from twenty to
eighty feet over the general upland, but it probably consider-

*A bowlder of native copper was found on the farm of Wm. Arrasmith, about two and one-
balf miles north of Ames. The mass was much abraded and flattened, and bore evidence of
rough usage in general. It weighed four pounds. Bowlders of the copper conglomerate are
not. uncommon and make it rezsonably sure that the Des Moines lobe of the Laurentian gla-
cier came by way of the Lake Superior copper region.
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ably exceeds 100 feet in the morainal regions. The upper
portion of the till, varying from three to thirty feet, is stained
a pale yellow through incipient oxidation of the iron constit-
uent, and the color grades downward into a gray-blue.
Faceted pebbles and bowlders increase in commonness down-
wards. Wood fragments and earthy bands, presumably indic-
ative of old soils, are often encountered at or near the base
of this till sheet.

The eastern margin of the Wisconsin drift is marked by the
Altamont moraine, the inner border of which crosses the
extreme southeast corner of the county and continues ncrth-
ward nearly parallel to the Marshall-Story county line. The
main body of the moraine lies in Marshall county.

In Story county the Wisconsin is clearly separable into an
earlier and later stage, with the Gary moraine as the dividing
line. The time interval between the stages, measured in
terms of oxidation and leaching, and topographic develop-
ment, was certainly greater than the time which has elapsed
since the retreat of the ice from the county. Outside of the
Gary moraine, well sections show that the yellow till attains
a thickness of from fifteen to forty feet over areas which have
suftered little loss through erosion, and have received no gain
from deposition. Over similarly eircumstanced areas inside
of the moraine, the slightly altered zone rarely exceeds from
five to ten feet. The streams which have established them-
selves on the earlier drift have cut vertically from thirty to
seventy or even eighty feet, and have made some progress
toward the formation of valleys. On the later drift, stream
trenching is inconsiderable, and, if Hamilton county be
included, a glance at the map is sufficient to show the great
disparity in the development of the drainage lines in the two
areas.

As has been mentioned earlier in this report, the retreat of
the Wisconsin ice from the region was interrupted by numer-
ous halts, marked by a succession of recessional moraines.
One of these, in addition to the Gary, is believed to possess
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sufficient individuality to deserve a name—the Walnut creek
moraine.

Contemporaneous with the heaping up of glacial debris at
the end of the ice were certain streams issuing from the melt-
ing ice. These surcharged streams were competent to carry
coarse sand, gravel, and even bowlders of small size, which
were redeposited over the flood plains of the then existent
streams in their lower courses. These gravel beds and bars
have been removed in part since the retreat of the ice, and
broad benches or terraces are the result. A system of ter-
races has its beginning at the Walnut creek moraine, and thus
establishes more firmly the reality of the ice-halt at that
point. Cambridge, on Skunk river, and Maxwell, on Indian
creek, are built on terraces belonging to this system and
attaining heights of twenty-five and twenty feet above the
flood plains of the respective streams. Terraces continue
northward on East Indian creek to the three forks in sections
thirteen and fourteen in Nevada township, where they have
3 height of twenty-five feet above the flood plain and are com-
posed of very coarse materials; much coarser than at Max-
well. The equivalent terrace was not recognized on the west
fork of the Indian.

Along the Skunk the Walnut creek terrace may be traced
northward to the creek of the same name, where it is super-
seded by a younger terrace, the contemporary of the Gary
moraine. The gravel train produced by the Gary, reaches its
maximum development, both areal and in vertical section, in
the vicinity of Ames along both the Skunk river and Squaw
creek. At Soper’s mills the Gary rises twenty feet above
the flood plain; at Ames, it rises thirty feet, after which it
grades down gradually to ten feet in southern Grant town-
ship, and finally merges into the Walnut creek bench. Fig-
ure 24 shows the cross-section and gradient of the terraces in
comparison with the cross-section and gradient of the present
stream.
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F'1G. 24, a, Cross-section of Skunk river. The spsce below the broken line, bb, represents

the amount of material removed slnce the retreat of the Wisconsin ice.

b, Stream and terrace gradients compared.

Development of the Skunl River System.—The towns of Ames
and Cambridge are built on gravel bars located at the conflu-
ences of Squaw and Ballard creeks, respectively, with the
Skunk river. Records of wells put down at these points show
a series of sands and gravels separated by heavy beds of clays
and silts. At Ames the basal gravels are reached at a depth
of from fifty to eighty feet below the bottom of the present
stream. The creamery well at Cambridge, which is located
upon the Walnut creek gravel train, shows:
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Borings at other points tell the same story. The country
rock under the area mapped out by the terrace and flood
plain lies from fifty to one hundred feet lower than in the
walls of the valley.

The flood-plain terrace deposits average two miles in width
south of Ames. The low ridges which bound these deposits
rise gradually away from the river, so that the real depression
possesses a much greater width. North of Ames the scene
soon changes. At Hannom’s mill the valley cross-section is
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reduced to less than one-third of
its dimensions a mile below. The
stream is not only rock-walled, but
rock-bottomed. The broad, de-
pressed U-shaped valleys, indica-
tions of old age, havebeen replaced
by the narrow U to the VV-shaped
gorges which are only retained dur-
ing the early stages in the devel-
opment of a stream. The river
occupies no well-marked depres-
sion wider than the flood plain.

In the valley of the Squaw the
old age characters are still re-
tained. The creek meanders
through a notable depression,
much wider than indicated by the
flood plain and terrace deposits,
and wholly comparable with the
depression below Ames. Artificial
sections demonstrate that the in-
durated rocks lie much lower in
the valley than under the general
upland. Alternating clays and
gravels, similar to those pene-
trated at Ames and Cambridge,
are encountered. Briefly told, it
would appear almost a certainty:

First.—That the lower course of
the Skunk river properis very old,
certainly older than the Wiscon-
sin, and probably preglacial.
Above Hannom’s mill the stream is
much younger. Here its history
is somewhat contradictory. In
places well sections located in or
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near the flood plain penetrate deeply buried silts and gravels
At other places, at Hannom'’s and Soper’s mills, its youthful-
ness isunquestionable. Suffice it to say that the Skunk has,
perhaps, in this section, sought out and partially resurrected
one of the important tributaries of the preglacial system.

Second.—That the river which was capable of cutting a
gorge more than 100 feet in depth, and at least two miles in
width, was immensely greater than its insignificant descend-
ants, and, if the preglacial climate was not materially differ-
ent from that of to-day, the progenitor of the Skunk drained
a much larger area than the present stream.

Third.—That near Ames the principal channel pursued a
northwest-southeast course, which was filled in, in large
measure, with glacial debris, and has been only partially
reopened by Squaw creek. The precise point of departure
from the old course cannot be located definitely. I'rom the
great embayment below Hannom’s mill a depression continues
in a northwesterly direction, and becomes tangent with the
valley of the modern Squaw near the Boone-Story county line.
The general surface features and stream trend would lead one
to suspect this to be an opportune point. The well data at
hand fully accords with this view, but is scarcely sufficient to
demonstrate it beyond a doubt. That the rock surface as a
whole is rapidly depressed to the southwest and reaches its
minimum elevation in the Squaw valley proper there can be
little question. This arrangement would be in striet accord-
ance with the almost universal northwest-southeast pre-Wis-
consin drainage systems of the state.

Fourth.—It has been stated in previous reports* that the
Des Moines river, above the city of Des Moines, flows in a
post-Wisconsin channel, while its lower course occupies a
much older valley. This fact, taken in connection with the
facts derived through the present investigation, suggests very
strongly that the last ice invasion despoiled the Skunk of
much of its territory, and the Des Moines was the gainer. In

*Geology of Polk county, vol. VII, Geology of Boone county, vol. V.
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fact, it appears highly probable that the headwaters of the
present Des Moines found their way to the Mississippi
formerly through the Skunk. Or, in other words, the Skunk
was literally ‘‘beheaded’ by the Wisconsin ice. One tribu-
tary of Squaw creek extends within a mile of the Des Moines
river to-day, at Stratford, in Hamilton county.

Aside from Squaw creek the tributaries of the Skunk can
be dismissed with slight mention. Indian creek, in its lower
course, has a well developed valley which is terraced, and at
Maxwell is underlain with alternating clays and gravels sim-
ilar to those of the Skunk and is, perhaps, the only tributary
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represented in the early history of the system, all of the
others being post-Wisconsin.

REMAINS OF THE MAMMOTH.

“Sometime during the summer of 1894 an interesting find
was made on the farm of Dr. H. M. Templeton, in Washing-
ton township. The discovery was made by the occupant of
the farm, while engaged in digging a well. The well was
being sunk in one of the numerous depressions which are a
frequent surface mark in this section of the county. This
depression formerly contained a few feet of water, and it still
receives surface drainage in times of heavy rainfall. The
center of this basin, which comprised two or three acres, was
but a few feet below the level of the outer rim. The soil was
composed]of the washings from the surrounding land and the
remains of marsh vegetation characteristic of similar surface
conditions on the Wisconsin drift. When the digging had
proceeded to the depth of four or five feet. a deposit of bone
fragments was discovered. This included the bodies of four
or five dorsal vertebra:, a portion of the upper extremity of
one rib, a short section from the lower end of the tibia and
the lower extremity of the left femur, besides a number of
fragments rather difficult to assign to their exact location in
the skeleton. The masses would very nearly fill a half-bushel
measure. There were none of the long bones complete,
and none of the pieces would give a very correct notion of
the entire length of any of these portions of the skeleton.
The parts giving the best idea of proportion are the vertebrz,
the head of a rib, in quite good state of preservation, and the
lower extremity of the femur. The vertebra: show both
anterior and posterior articular surfaces in a perfect state of
preservation. The transverse and vertical measurements of
these surfaces are nearly exactly the same; four and one-half
inches. The antero-posterior diameter, orthe vertebral body,
is exceedingly short, considering the immensity of the other
measurements.” The length is but two and one-half inches.
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This must have given the creature a back grotesquely short
in comparison with its gigantic size. The articular facets on
the inner surface of the head of the rib, measures three and
one-half inches. The excavations at the anterior and pos-
terior extremities of the vertebral bodies almost blend into one
another. The part giving the most correct notion of the
enormous size of the animal is the remains of the thigh'bone.
The fragment represents a section from the lower end of the
bone, just long enough to show the femoral trochlea and the
two condyles. These are almost perfect, with the exception
that a small fragment has been broken away from the external
posterior part of the external condyle. The internal condyle
is in a perfect state of preservation. The extreme length of
the articular surface extending from the lower border to the
external condyle to the upper margin of the trochler surface,
on which the patella glides, is sixteen inches. The trans-
verse measurement through the center of the condyles is
eight inches. This mass is from eight to ten times the size of
the corresponding part of an average sized horse.

All the parts are quite firm, and in such state of preserva-
tion that they have not in the least been affected by exposure
since their removal from the ground. The conditions were
such as to lead to the conclusion that the bones could never
have been buried to a greater depth than that at which they
were discovered. The superincumbent covering must have
been increasing in thickness, rather than diminishing, on
account of the process of gradual filling now going on in
these shallow prairie basins. A number of trial excavations
were made in different parts of the depression, without
unearthing any additional portions of the skeleton.””*

A perfectly preserved molar tooth of Zlephas primigenius
was found by a C. & N.-W. Ry. employee, at Polk City, during
the present summer. The tooth occurred in the gravels
which occur at that place and are evidently late Wisconsin in
age.

*The above description was written by Prof. M, Stalker, of Ames, lowa,
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These finds are interesting in that it makes it reasonably
certain that these huge Proboscidians roamed over Story
county during late Wisconsin, or even during post-glacial,
times.

POST-WISCONSIN DEPOSITS.

Aside from the terrace gravels whose deposition was con-
temporaneous with the retreat of the Wisconsin ice, and the
alluvium accumulated since the retreat, both of which have
been discussed sufficiently, certain arenaceous to silty gray-
brown deposits, remarkably homogeneous and devoid of peb-
bles and bowlders, border some of the larger streams and are,
perhaps, worthy of special mention. These highly siliceous
deposits flank the Skunk and the Squaw, are noticeably pres-
ent along the lower course of Indian creek, but are most in
evidence along the eastern margin of the Skunk river valley
below Bloomington. The deposits attain a maximum thick-
ness of from three to five feet on the brow of the bluffs, thin
rapidly inland and are scarcely recognizable more than a mile
from the bluff scarp. These deposits are responsible for the
heavy, sandy roads along so many of the streams in the Miss-
issippi valley, and are shnnned alike by the teamster and the
bicyclist. They are often known locally as ‘‘ White Oak
soils,”” because that very well known and desirable species of
oak finds in them a congenial host. The deposits are thor-
oughly oxidixed and leached, and appear to be wholly devoid
of structural or bedding planes. The coarsest materials
which enter into their composition are found nearest the
flood plain, and the size of grain diminishes gradually as the
deposit feathers out away from the river. The source of the
materials and the transporting agent are not ditficult to appre-
hend. The process of accumulation is going on to-day. The
wind, sweeping across the broad flood plain, gathers up such
material as can be transported and moves it toward the
restraining bluffs. Perhaps only the very finest materials are
given continuous passage for any considerable distance. But
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through successive short excursions the coarser silt-particles
and even fine sand grains eventually reach the brow of the
bluff and are deposited in the reverse orderof their fineness*.

The position of these deposits is determined essentially by
the surface contours. The wind crossing the valley imping-
ing against the hill flanks is deflected upward, and, coming in
contact with the still air above, loses velocity, and being
unable to carry its load further, deposits it over the brow of
the hill. In this location its position is reasonably secure,
though the entire assemblage of deposits possesses the pro-
clivities of the sand dune and may progress bodily inland.

This process of wind transport and accumulation of mate-
rials may readily be witnessed. During early spring and late
autumn, when large tracts of bottom land are unprotected by
vegetation, dust storms are common, and often during a single
““blow,” a measurable deposit is accumulated. If thisbe true
now, how much greater must have been the efficiency of the
winds which blew across the wide flats before vegetation had
time to reclaim the valleys so recently vacated by the Wis-
consin ice?

The prevailing winds for central Iowa during spring and
fall are from the west, and hence the greater accumulation of
@&olian deposits on the eastern flanks of the streams.

These deposits are worthy of more than passing notice,
when viewed analytically, on account of their striking simi-
larity, in many respects, to the loess. Structurally, textur-
ally, and in composition and distribution, there is a remarkable
resemblance. Both are essentially devoid of stratification
planes, possess a uniform, open texture, are highly siliceous,

*A most luminous and helpful discussion of wind erosion, transport and deposition, will be
found in Professor Udden’s Memoir, entitled * The Mechanical Composition of Wind Deposits,’”
published by the Lutheran Augustana Book Ooncern, of Rock Island, Iil., 1898. The sub-
jolned table gives the approximate maximum dilstances over which quartz fragments of dif-
ferent dimensions may be lifted, by modarately strong winds, in single leaps:

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

Coarse and medlum sand (diam. 1 to ), several rods.

Flne sand (diam. ¥4 to ¥% mm.), less than a mile.

Very line sand (dlam. }5 to 1-16 mm.), a few mlles.

Coarse dust (1-16 to 1-32 mm.), 200 miies,

Medium dust (1-82 to 1-64 mrm.), 1,000 miles.

Fine dust (1-64 mm. and less), around the globe.
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being composed chiefly of silt and fine sand, and appear to be
genetically related to the chief water courses, along which
they attain their maximum development. True, the loess is
usually highly calcareous, but this may readily be referred to
a difference in the condition of the materials drawn upon, and
be wholly independent of the process of accumulation. Tt is
now pretty generally conceded that the loess is genetically
related to the Towan drift, perhaps the overwash from that
sheet. It is also well known that the Towan carried the
largest and freshest bowlders of any sheet, and it is reasonable
to suppose that the finer materials were equally fresh at the
time they were deposited. This is evidenced by the Towan
drift itself, the surface only showing any signs of weathering.
The mud flats were doubtless much more important then than
now and if atmospheric circulation was equally as vigorous as
at the present time, wind erosion and deposition would be
much more widespread and important, and the rate of accu-
mulation might be so much accelerated that oxidation and
leaching of the rock meal would be imperfect or almost wholly
wanting. The loess deposits which have been protected by
the Wisconsin drift lend credence to this view. The exposures
near Kelly and Ames are not only unoxidized and unleached,
but still retain their original blue color, which is so charac-
teristic of unaltered secondary deposits. These deposits also
emphasize the extremely short time interval between the
deposition of the loess and the Wisconsin advance. The loess,
where unprotected, is a straw to gray-brown throughout, and
the lime concretions sufficiently attest that incipient leaching
has begun. In places where the deposit has neither lost by
erosion nor gained by deposition, the leached zone varies
from two to four feet in thickness and is identical with the
wind accumulations along the streams of to-day. The loess,
in all probability, originated through the rapid accumulation
of perfectly fresh materials from the extensive mud flats and
overwash plains, which formed an apron to the Iowan till
sheet, while the latter represent the much slower assembling
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of the leached and oxidized materials from the alluvial plains
of to-day.

While the processes which obtained during the deposition
of the two sets of deposits cannot be demonstrated to have
been identical, their inherent resemblances and environments
are certainly very striking. Aside from the comparisons
already made they are very closely related faunally. Pro-
fessor Shimek® has shown that with a few unimportant excep-
tions the loess Mollusks were all air-breathers whose habi-
tat must have been very similar to that which prevails in the
Lowa-Nebraska region of to-day.

Unconformities and Deformations.—Outside of the county in
areas where the Des Moines and Saint Louis occur together,
and the contact plane can be observed, the former is seen to
overlie the latter unconformably. In Story county the glacial
debris effectually conceals the contact zone between the two
formations, and yet the uneven surface presented by the
basement of the coal measures, as already sufficiently elab-
orated, makes it reasonably certain that the Des Moines occu-
pies erosion hollows in the Saint Louis.

There is everywhere a profound unconformity between the
Pleistocene and the older deposits, and a break of minor
importance separates the two drift sheets known to be pres-
ent in the county.

While the epeirogenic movements of the area have been
several times repeated on a scale sufficiently large to be
recorded in recurrent series of deposits, differential uplifts
are more elusive in a drift-buried country, and only one can
be definitely recognized in the geological structure of the
county.

The Skunk River Anticlinal.—Prof. W. J. McGee, in his
‘“ Pleistocene History of Northeastern Iowa,”’t records a
series of more or less parallel flexures in the strata of Towa.
The general trend of these deformations is northwest-

* The exhaustive memolrs which embody the results of this keen, conscientious observer
and conservative writer may be found in the recent volumes of the lowa Academy of Sciences.
+ Eleventh Annual Report, U. 8, Geological Survey, p. 336 ot seq.
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southeast, and as a rule their amplitudes are so slight that
‘“ their presence is only detected by a comparison of altitudes
at different points, by anomalies in outerop, or by the topo-
graphic configuration determined by them.” Among the sal-
ient flexures an anticlinal is mapped whose axis is approxi-
mately coincident with the Skunk river, and MeGee has
denominated it the Skunk River anticlinal. Its recognition
was based largely upon inferences from geologic outerops,
and its establishment was scarcely beyond the pale of hypoth-
esis. The College well record, when taken in conjunction
with the well records from Boone and Nevada, establish the
existence of such a convex flexure beyond the peradventure
of a doubt. (See plate iv.) The average difference in eleva-
tion of equivalent strata between the College and Boone is
about 300 feet. If the dip is assumed to be constant between
the two points, this would give a gradient of 25 feet per mile.
Between the college and Nevada the average fall of equiva-
lent strata is about 150 feet, or 15 teet per mile. The strike
is presumably northwest-southeast, and is essentially parallel
to the supposed direction of the anticlinal axis. Hence, the
average dip would be about 35 and 21 feet per mile for the
southwest and northeast limbs of the fold, respectively.

ECONOMIC PRODUCTS.
Coal.

As has been previously stated, Story lies wholly within the
Towa coal field. Although seemingly as favorably situated
as other counties, which surpass it in production, the county
does not rank as one of the great coal counties of the state.
In 1898 only one mine was in active operation. The output
for 1897 scarcely exceeded 12,000 short tons, the greatest for
any year inthe history of the county. Desultory attempts have
been made to develop the coal resources of the county near
MecCallsburg, in Warren towunship, and in Collins township,
near the Polk county line, and some prospecting has been
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done at other points. At present the only mine in operation
is located at Summit, in Lafayette township.

Suminit.—North Star Coal & Mining Co. During the fall
of 1392 and the spring of 1893 a shaft was sunk on land owned
by W. S. Johnson, Sw. qr. of Sec. 21, Lafayette township.
Operations have continued with slight interruption since.
The vein worked is about 135 feet from the surface. The
sequence of strata penetrated in sinking the shaftt, as given
by W. S. Johnson, is as follows:
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At least five coal horizons were penetrated, only one of
which was thought to be of commercial importance. At least
one vein is known to exist below the one worked. The mouth
of the shaft is located on the north slope of the Gary moraine,
about 1,050 feet above sea level. The mine is equipped with
modern top-works, a steam fan, and the ‘“‘room and pillar”
plan is pursued in mining the coal. Owing to the nature of
the underlying strata some trouble is experienced from
‘‘creep,” and even with the most approved methods of work-
ing, under existing conditions, it is scarcely possible to win
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more than 60 per cent of the total coal. The vein runs fairly
even, thickening towards the basins and thinning towards the
“rolls.”” The maximum variation in elevation does not
exceed ten feet. The roof is rather weak and treacherous,
and renders careful mining imperative to avoid accidents.
The coal is of excellent quality, comparing favorably with the
best product of central Iowa. The mine supplies a large
local trade, but it, nevertheless, ships a considerable percent-
age of its output. A spur of the C. & N.-W. Ry. has been
extended to the shaft, so that the coal may be loaded on the
cars without rehandling.

The coal developed at Summit is apparently an eastward
extension of the Squaw creek basin. This is evident from
the general stratigraphic similarity of the coal horizons in the
two areas. The veins mined in both localities have practic-
ally the same elevation. This basin is divided by Skunk
river, but the coal reappears in the vicinity of MeCallsburg,
where some prospecting has been done. At this point a vein
of coal, three feet in thickness, is said to have been found,
and mining operations, in a crude way, were carried on during
short intervals for several winters. A seam of cannel coal
was at one time reported, but upon examination the find
proved to be a highly carbonaceous shale associated with the
coal seam. The Mormon Ridge coal, in Marshall county,
appears to mark the eastern terminus of this basin, and the
territory lying between this point and the Squaw creek fields,
in Boone county, will undoubtedly yield a fair return to sys-
tematic prospecting.

Collins.—Well drillers report coal at numerous and widely
distributed points over the southeastern quarter of the
county. While this is generally known almost no systematic
prospecting has been done, and only in a single instance has
any serious attempt been made to develop the bed. On the
farm of Silas McQuiston, located on the Ne. qr. of the Sw. %
of Sec. 34, in Collins township, a shaft was sunk some years
since, and operated during the winter season. The eutire
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output found a ready sale at the mine, but was never great
enough to supply the local demand. The mouth of the shaft
is located on the bottom land along Wolf creek, and the strata
penetrated are essentially as follows:

FEET.
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The coal has a good reputation among the consumers. The
vein was reported to run fairly uniform in thickness, but the
roof, as in the case of all Story county coal, was of rather
uncertain character. The mine was last operated, some two
vears ago, by Marshall & Crow, of Boone county. Prospect
holes have been put down, both east and south of the above
mine, and demonstrate that the coal continues some distance
in those directions.

The outlook for the development of the coal industry in
Story county, while not brilliant, is certainly not wholly dis-
couraging. Practically no systematic prospecting has, as
yet, been done. Numerous well records show the presence
of one or more coal seams throughout most of the coal meas-
ure area. It is scarcely probable that so wide an area, show-
ing the presence of coal horizons, will not, sooner or later, be
found to include veins of commercial importance. The most
hopeful areas would appear to be in the line of the Squaw
creek-Summit basin and in the vieinity of Collins. An intel-
ligent and judicious use of the core drill in these areas may
be reasonably expected to earn a moderate reward.

Clay.

Story county is supplied with an adequate quantity of clay
for furnishing brick for all structural purposes, for paving the
streets of its towns, and making the draintile necessary for
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properly draining its immature surface. The younger drift
covers practically the entire county, and when unmodified,
yields no clays suitable for either brick or tile. The alluvial
deposits, which attain considerable importance along Skunk
river and its greater affluents, and the wind accumulations
along the bluftfs which border these streams, afford unlimited
quantities of material suitable for handmade brick capable of
meeting all requirements for the less imposing structures.
The larger streams have removed the younger drift at numer-
ous points, and have greatly reduced its thickness at many
others, so that the clays and shales of the older terrains have
been rendered available. In Washington, Indian Creek and
Collins townships, important deposits of loess are easily acces-
sible, while at Story City, Roland, Nevada, and Maxwell,
from ten to twenty feet of Carboniferous clays and shales are
exposed. The coal measure shales are at present being
developed only at the last three places mentioned.

COAL MEASURE CLAYS,

Nevada.—Several factories have been operated somewhat
intermittently, in the vicinity of Nevada, during the past
fifteen years. Of these, Lyman & Company operated contin-
uously for more than a dozen years. Draintile and structural
brick were the chief manufactured products. The works were
located along West Indian creek, immediately north of the
C. & N.-W. right of way. The raw material was obtained
from the east bank of the creek.

The Paul Nelson Tile works were in operation a number of
years at this place. The plant is situated near the railway
station, and the raw material used was obtained south of the
railway track near the Lyman pit. While neither of the
above plants are entirely dismantled, neither was in active
operation during the current year. In 1897, the S. M. McHose
Brick and Tile plant was established on the West Indian
creek, just south of the Ames-Nevada wagon road. Here
nearly twenty feet of clays and shales are available with com-
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paratively little stripping. In the following section, all save
the drift and the arenaceous layer is utilized.
FERT.

=

Drift, bowldery, caleareous. ........ .. cvivnriianan. !

6. Shale, blue, variegated: containing much ferruginous
staining along the joint planes and known as ‘‘ calico
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The plant is equipped with dry-pan, pugger and Hoosier
Brick and Tile mill. Ample drying sheds are provided, and
both air and steam are used. Three days are required to dry
the brick by steam, while two days proves sufficient for tile.
Four round, down-dratt kilns, of 48,000 brick capacity each,
are used in burning. Ordinary brick is burned in seven days.
For common brick and tile one part of alluvium or hillside
wash is added to two parts of the clay shales. The loam
heightens the color and facilitates the burning, though it
weakens the product. Common struetural brick and drain-
tile, the latter varying from three to twelve inches in diam-
eter, constitute the chief product. Fire brick and pavers
- have been produced in small amounts. The paving brick
examined were ‘‘end cut’” and the lamination exhibited in
cross-section was very pronounced. The product vitrifies
very well, and the lamination could be, in large measure, pre-
vented by more careful mixing and tempering, or it could be
rendered less pronounced by side-cutting the brick. IHow-
ever, the plant can scarcely be said to be fully installed as
yet, and the intelligence and good judgment displayed in its
equipment are certainly very commendable.

LRoland.—1In the southern part of town is located the Swen-
son & Co. Brick and Tile works, which have been in operation
for nearly a quarter of a century. The plant has been under
the present management since 1886, though until the past
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year the'firm name was Swenson Bros. The clay is obtained
from the bank of Bear creek. Seven or eight feet of shales
of good quality are exposed, black below, and light grey to a
variegated yellow above. Underlying the material used is ten
or twelve inches of dark blue to black clay, containing iron
pyrites; while overlying the deposit is a foot of sand and
gravel, followed by a foot of black loam. The loam and some
sand is mixed with the shales in treating them to deepen the
color and render the ware more easily worked. The Potts
disintegrator and Brewer machine are used. The ware is air
dried and burned in a round, down-dratt kiln. Tile, ranging
from three to ten inches in diameter, form the chief product,
though of late years a considerable number of common brick
have been manufactured.

Mazrwell.—The Charles K. McHose Brick and Tile works
are located about a mile east of town, on the Chicago, Mil-
waukee and St. Paul railway. The plant is equipped with a
Potts disintegrator and the Ideal brick and tile machine,
made atDecatur, Ill. Drying is done chiefly through natural
heat, though aided somewhat by exhaust steam. One down-
draft kiln of 30.000 capacity is employed in burning. The
time required is eighty hours. Draintile from threes to
eights inclusive, and side-cut common, and end-cut paving,
brick constitute the manufactured product. The milling and
tempering of the raw material is very imperfect, and the
small kiln capacity, which leads to forced burning and too
rapid cooling, are responsible for the great loss suffered
through checking of the ware and for the poor quality of the
manufactured product.

The pit is located about one-half mile south of the works.
About fifteen feet of Carboniferous shales are available, and
very little stripping is required. The section is as follows:
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2. Shale, variegated, much iron-stained along the joint
and bedding planes; a limonitic, concretionary layer
occurs about two feet from the base; iron concretions
are common throughout............. ... ... 7

1. Sandstone, exposed. .............h ciiiiiiiiiieaaa

The shales are of good quality and an enormous quantity is
in sight. Number 3 is difficult to burn when used alone, but
when mixed with number 2 yields more readily, and takes on
a more desirable color for structural purposes.

The coal measure shales have been developed intermittently
at other points during the last decade. Several firms have
operated from time to time in the vicinity of Story City, but
none were in operation during the current year.

PLEISTOCENE CLAYS.

Ames.—Clay working has been practiced in the vicinity of
Ames for almost a third of a century. The plants were
located along Clear creek, a branch of the Squaw, about
three miles west of the railway crossing at Ames. Many of
the brick used in the construction of the main college build-
ing, and the rough brick used in several of the later buildings,
were made in these yards. Here a heavy bed of loess occurs
and has been utilized for soft-mud brick. At the pit the
following beds are exposed to view.

FEET
2. Drift, yellow; upper portion modified into soil...... 5-10
1. Loess, the upper portion oxidized a yellowish-buff in
color, two to five feet; lower portion a gray blue,
exposed, five to eight feet ....................... 12

Gastropod Mollusks, as mentioned in an earlier paragraph
in this paper, abound throughout the loess. Lime concre-
tions are somewhat abundant in the slightly oxidized zone,
and when worked in with the raw material have a deleterious
effect on the manufactured product.

(ameron & Lyon operate the works at present. Some
brick and draintile of the smaller sizes constitute the sole
manufactured product.

20 G Rep
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helley.—The Kelley Tile works, J. M. Stark, proprietor,
were established in 1887. The plant is located just east of the
railroad station, though the raw material is secured from a
pit along Walnut creek, about two miles east of town. Com-
mon brick and the more common sizes of draintile are the
chief products. A smooth-roller, Penfield crusher, and a
Hoosier brick and tile machine constitute the machinery used.
Round, down-draft kilns are used, and the siliceous clay with-
stands much heat. There is considerable lime, in a finely
divided state, in the raw material, and to prevent air slacking
it is necessary to heat to high enough temperature to vitrity
slightly the product, and, perhaps, to fix the lime completely
in the form of the silicate. The raw material here, as at
Ames, is the loess. Considerable stripping is made necessary
in order that the deposit may be worked. The loess is blue
gray, jointed above, and grades downward into a massive,
structureless deposit, which is finally terminated by a grav-
elly layer of an earlier drift sheet. The deposit is highly
siliceous and fossiliferous throughout.

Maxwell.—Prince Shope owns and operates a small plant
near Indian creek. [Hillside wash and alluvium are wrought
into mud brick.

Numerous other small factories have operated during brief
seasons and then were abandoned. Handmade brick were
the more -common product.

Scarcely more than 56,000 worth of clay goods, manufac-
tured in Story county, were sold during 1897. The entire
output was consumed at home, and in not a single department
was the output sufficient to supply the local demand. From
the beginning of the tile industry the production has never
been equal to home consumption, and the deficit has been sup-
plied by neighboring counties no better equipped, so far as
the natural resources for tile making is concerned, but, per-
haps, more resourceful in using what they had. Only a
minor portion of the common brick used were made within
the county, and no attempts have been made to produce dry-
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pressed and fancy brick. A few pavers and fire brick have
been manufactured, sufficient, merely, to demonstrate the
possibilities along that line. The Pleistocene deposits afford
an abundance of material suitable for structural and dry-
pressed brick, and draintile, while the coal measures offer, in
addition, material suitable for the vitrified pavers and more
refractory fire brick.

Building Stone.

Story county is poorly supplied with stone suitable for
structural purposes. The Saint Louis limestone affords a
limited quantity of stone adapted to foundation work and use
in the rougher grades of masonry. The rock is, as a rule,
highly absorbent and does not stand frost well. Its earthy-
buff to gray-butf color gives it a dull, somber appearance,
which inereases rapidly on exposure on account of the readi-
ness with which it takes up foreign matter. Some quarrying
has been done at nearly every one of the outcrops in the
county, though in no instance does the annual output of any
single quarry exceed a few dozen cords of rough stone.
The ledges developed are practically the same at all points.
The section exposed north of Hannom’s mill may be con-
sidered a fair average, and is as follows:

FEET.

6. Till, pale yellow; unoxidized and unleached......... 0-6
5. Till, oxidized to a deep, reddish-brown and thoroughly

leached; much weathered limestone and many

decayed granite bowlders, and numerous, tolerably

fresh greenstonespresent.............c..cuue..u, 1-3
4. Limestone, residual; reduced to an iron-stained, cav-
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3. Limestone, arenaceous; where unaltered, a bluish-
gray, but weathering stains it a yellowish-brown;
not thoroughly indurated, though when unweath-
ered presents a massive appearance ............. 5

2. Sandstone, bluish-gray, shaly; presents a fissile char-
acter after being exposed to the weather, and
forms a marked re-entrant in the quarry face..... 3

1. Limestone, impure, buftf vo earthy-yellow, gray buff
when unweathered; heavy bedded, compact; litho-
graphic in part, chief quarry stone, exposed...... 8
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At the Bloomington quarries more of No. 1 is exposed.

Well borings and otherartificial excavations seem to indicate
that no other quarry rock may be looked for in the region.
The drift, especially in the morainal regions, affords great
numbers of bowlders suitable for nearly all purposes to which
stone can be put. They range in size from the cobble to
great blocks, large enough and of suitable quality for monu-
ments. In the early history of the county bowlder land was
very much shunned by the pioneer settlers, and any attempt
to render it arable was sure to prove a heroic test of the
Christian fortitude of the would-be tiller. Splendid granites
were piled up in fence corners and along roadways. Inrecent
years the bowlders are being rapidly transformed into shapely
blocks which appear in the foundations of substantial strue-
tures. It is found that these rough masses of stone yield
readily to skillful treatment, and when tastefully arranged in
a wall the effect is most pleasing and the structure is almost
imperishable. In a measure, then, the Pleistocene bowlders
make good the deficiency of structural materials in the older
terrains.

Soils.

Agriculture is the chief industry of Story county, and the
wealth of the community depends upon the fertility of the
soil. The county possesses no barren or untractable land. A
considerable percentage of its surface has not yet been
brought under cultivation, but this is not a matter of any
inherent property of the soil, but is wholly due to outside
environment. As has been previously stated, the surface is
immature. Nature has not had sufficient time to establish
perfect drainage systems, and many undrained basins of small
area persist. By the introduction of tile drains man is simply
abridging natural processes, and at no distant day it may be
confidently expected that no land will lie idle on account of
improper aeriation and drainage.

The soils of the county resolve themselves readily into
three groups, viz: alluvial, terrace and upland. The first are
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coincident with the flood plains of the larger streams, and
comprise an area of about twenty square miles. The allu-
vium, when mixed with organic matter, forms a rich, black
loam, and is one of the most tractable and productive soils in
the area. Its low level, however, renders it liable to inunda-
tion during seasons of high water, and hence subjects the
farmer to occasional losses.

The terrace soils are limited to Skunk river and its greater
affluents, and comprise the smallest area of any of the types
mentioned. They are uniformly underlain with gravel, and
hence do not retain water well through seasons of extended
drouth. On the face of the terraces where the gravels out-
crop seeping springs are formed. Ordinarily small grain
does well on the terrace soil, but underdraining is rather too
rigorous to ensure a good crop of corn unless the season be
unusually wet.

The upland type comprises by far the greater portion of
the county. It is essentially a modified Wisconsin till, stained
a gray black with humus, and varies from six inches to three
or four feet in thickness. In the numerous basins it is heav-
ily charged with humus and assumes a jet black color.
When properly drained and aeriated, the upland type com-
pares favorably with the bottom land in productiveness, and
is not subject to periodic inundation. To show that the pro-
ductiveness of the Wisconsin drift soil depends largely upon
ventilation and drainage the subjoined table has been com-
piled. This table also shows, in a general way, the relative
value of the principal drift-sheets as producers. Corn has
been selected because it is believed to respond more readily
to soil treatment along the lines outlined above, is the most
generally grown of any of the cereals, and requires the entire
season in which to mature, for which reasons it ought to
give a more correct measure of the real productiveness of the
soil. Story county may be considered typical for the Wiscon-
sin drift, Grundy for the Towan and Poweshiek for the loess-
covered Kansan. The first is characterized by a surface very
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imperfectly drained and but little stream dissected. In the
second the surface is monotonously even, but the drainage is
fairly complete though the water escapes slowly, while the
last represents a perfectly drained area. In the first period
selected tile-draining was in its infancy and but little drain-
tile had been laid in any of the counties. In the last trio of
years selected artificial drainage has been extended greatly
in Story county, and to this cause more than to any other is
the greatly increased yield per acre ascribed.

Yield of Corn, in Bushels, Per Acre *

CORN YIELD PER CORN YIELD PER gé
T o b + A - = O
COUNTY. ACRE FOR ACRE FOR a’?
. 3
= =M ; % =
1885 | 1886 | 1887 | av. || 1895 | 1696 | 1807 | av. | <
BHOET & Nyt gt s Sl RN 4 © T S - - L 8- 4 o
Grundy .............. 37 | 30 | 25 | 30| 4 | 50 | 33 | 414 | 31
Poweshiek ...........I 30 20 . 40 30 41 42 30 373 1 26

Road Materials.

Along the larger streams the terrace gravels afford an
abundance of material suitable for road macadam. The rail-
roads have developed these gravels at Maxwell along Indian
creek, and west of Ames along Squaw creek. About ten feet
of gravel is available at each place, and comparatively little
stripping is required. Away from the streams, in the morainal
regions, numerous gravel knobs and kame-like aggregations
furnish great quantities of material suitable for road making.
At other points in the county ballast is scarce, and the roads
in the country and the streets in the towns are uniformly bad
in wet weather and almost impassable in the Spring of the year.

Building Sand.

Sand in every way suitable for building purposes and for
plaster is found in nearly all of the stream channels, and in
the gravel terraces and the sand and gravel knobs so much in
evidence in the morainal regions of the Wisconsin. The

*The statistics are taken from the Iowa Agricultural Reports.
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I'1G. 217. The Gary terrace at Soper’s mill, showing course bowlder gravel over-
lylng undisturbed Wisconsin till.

extensive sand flats along the Skunk furnish unlimited quan-
tities of sand adapted to the rougher grades of masonry, while
the finer grades of sand are often obtained in pockets in the
morainal and terrace accumulations.

Potable Waters.

Until recent years, within the region under discussion,
water of good quality and adequate in quantity for domestic
purposes was derived from shallow drift wells. Such wells
varied from ten to rarely more than fifty feet in depth. Dur-
ing later years the increased supply demanded by stockmen,
and the series of dry years, caused the shallow wells to be
abandoned, as they proved inadequate to meet the greater
demands placed upon them under such trying conditions.
Accordingly, deeper wells have been put down throughout the
county. The chief sources of water appear to be the sands
and gravels at the base of the Wisconsin drift or of the entire
Pleistocene series, the interstratified sands and silts in the
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valleys of the Skunk river, Squaw and Indian creeks, and cer-
tain arenaceous layers in the Lower Carboniferous series.
Several pretty well defined artesian areas belong to the first
group. Of these, Keigley’s branch, Zearing and Dye’s branch
constitute the most noteworthy artesian basins in the order
of their importance. ‘‘Watkins’ well”’ is the strongest well
in the Keigley’s branch basin, and may be considered typical
of the area. The sequence of strata passed through is as
follows:

FEET,
C 21501 | ERECTE M, L ol A p bSO SRR o L L T 3
3. Clay;, TR i 2T b hvase it | i e R - e o 17
By =GN, DI e s s e A e s i e el i 35
2. Gravel and sand, water bearing..........c..cooeun... 1
1, - Blue clay, penetrated ..o voeneniointn g ihinas e

It is reported that the drill dropped nine feet on reaching
the gravel, and that water carrying gravel with it, spouted
out with great violence. Bowlders of several pounds weight
were thrown out. A sample of the water was analyzed by
the U. S. Geological Survey in 1885, and the result is herewith
appended:

Total Solids, 0.471 Grams Per Liter.

s |
& . PROBABLE
REHLITC, SR 83 COMBINATION,
58
o
potelie &
Sio, 0.0250. ... ...t e i b s Sl e e 3 5.31 Si0, 0.0250
Bl e e 1.28 | Fe,0,  0.0080
Ca O g ). s gt ) P 2 L, [ 16.90 Ca CO, 0.19490
T T T R b i ol e 7.56 | Mg CO, 0.1246
Na OLURBE. . .. .. . i o B s s s Bl o i P e B 10.64 Na CO, 0.1155
RIS rman . Ty BB |ve 2ok 2 BB
T S & S ooy i e, B SRS ) N TG 99.81 | 0.4701
O i L O i, T None
CLa . ... ... Eeedl) T re e i b o aa e b B deadhas 8 o 6 b Trace
B 5« v v oo BB T s Sl e B el £ e B T g A Ao Trace
3 R PR O GRS i T 0.3920
OO i e e L Mo e TR R 0.2738

Total CO, in one liter, determined by R. B. Riggs, deduct-
ing the CO; required in the third column, leaves 0.1912 grams
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for the bicarbonate. The water contains much suspended
sediment.

L ATHPEERTHTEE a0 41 L s s o 6 5 Fuss B w2 60 b 8 48° Fahr.
B1 A0 i U B S ST 28,000 gallons per hour.

There are numerous other flowing wells in this vieinity, but
all of small flow. In the majority of instances the tempera-
ture is 2° or 3 higher than in the case of Watkin’s well, and
about 5” higher than in ordinary shallow wells in the same
locality, which shows a temperature of about 45- to 46 Fahr.

In the Zearing basin all of the wells are located on the bot-
tom land along Minerva creek, within a radius of a mile from
the town of Zearing. All are of small capacity and vary from
sixty to ninety feet in depth.

Along Dye’s branch several flowing wells have been devel-
oped. The water-bearing stratum is reached at from eighty
to 120 feet below the surface, the depth depending upon the
position of the mouth of the well. The water is of good
quality, but, as in the case of the preceding basins, it carries
considerable ferruginous matter, as evidenced by the taste,
and by the brownish rust which coats all vessels in which the
water has been allowed to stand.

Several other flowing wells are known at widely separated
points in the county, but in every case they are of small
capacity and possess little of general interest. One fact,
perhaps, worthy of repetition is that, in all casesso far asinves-
tigated, the water in flowing wells run from 3° to 5° warmer
than the water in the non-flowing wells in the same localities.
The temperature for the latter accords very closely with the
mean annual temperature of the region while the waters which
supply the former, have, perhaps, received some increment of
heat by coursing through strata below the plane of variation.

Ames, Cambridge, Iowa Center and Maxwell draw their
water from the alternating sands and silts of the Skunk river
and Indian creek. The supply is abundant and the quality
satisfactory. Therailways which cross these streams secure



GEOLOGY OF STORY COUNTY.

Qmes
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F1g. 28. Cross-section of Squaw creek and Skunk river valley at Ames, showirg the gravel terrains at aa, bb and cc,

all of which are water-bearing.

their water supply from the same
source as the towns.

In the eastern half of the county
numerous wells obtain their supply
from the arenaceous beds or the lime-
stones of the Carboniferous. The
majority of these wells vary from 200
to 400 feet in depth. The water is
uniformly good, but the supply is
very variable. In two instances, at
Nevada and Ames, the deeper strata
have been explored. The former ob-
tains a satisfactory supply from are-
naceous layers in the upper Silurian,
while the latter draws chiefly from
the Jordan sandstone of the Saint
Croix. In the latter instance, the
reservoir lies more than 1,100 feet
below sea level, but hydrostatic pres-
sure brings the water within thirty
feet of the surface, or 970 feet above
tide. Hence the head is nearly 2,000
feet, and exerts a pressure of about
850 pounds per square inch. The
supply is sufficient to sustain a con-
tinuous flow of about 8,000 gallons
per hour, reducing the water level
to about 250 feet below the surface.
The dimensions of the well may be
observed, drawn to scale in plate iii.
Complete sanitary and mineral anal-
yses of the water were made by
Prof. J. B. Weems of the depart-
ment of agricultural chemistry of
Iowa State college, and are given
below:
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Sanitary Analysis.
@ =
=g
&
Fme_a;;nonia. ......................................................... 1.2
o) hac LB ol e 1R oo o 7 U ST e S RO PN ol T W S S SN A e 1) Trace
T e e et e R T g T s S s & PRGN b 1258,
U0, S el o B T VOt b B i, Tl e s b i b e e R e Trace
N SR B DAY . S Thahes ma o W e TR 0 el s e Y Trace
Oxygen absorbed in 15 MinUbeS. .. .. .. .o.vinreneee i bt
Oxygen absorbed in 4 hours........ e Sy o AN e el s B B TP o SN B
Mineral Analysis
R D s
| B2
S x k=
2 =T ; g
O] i Ay
SiGay BIErhe et b2 M F o Rt FUEWIL e it i e Bl 174
Al A e ARG e B - o e s phar sl g Wi 1 bl i, ' ke 5y 406
03} {2hed i i 0>0 1 MR 1 S O T PSR F i R o £ o i A ) e ot
P @) ()T a e 2 R e S et e e e Ty e T Y 2R [ 2.859
Magnesia (MgO)............. i e ) gl b SR el S T R e 1.409
Lo a7 T bty £ S o Y P, R e e s
BEE- (R ETE L el iae A G SR T L U L sl i e e S 30.554
(@i Wla g R e L BT F 204 SO il 0 ST Tl e 11.821
PuliENrIoxId IO, ). rd wie it s B o i b ey AR e r R 24.923 429.700
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Temperature Observations™ on the College Well at Ames, and on
the Deep Well in Greenwood Park, Des Moines, lowa.—The con-
dition of the earth’s interior must always be an interesting
question to the student of earth physics, and data which will
throw any light upon this obscure problem have, in all times,
been sought for eagerly by geologists and physicists alike.
The rate at which the temperature increases as the earth’s
crust is penetrated has been recorded in numerous instances
both in Europe and in America. The commonly accepted
increment which has found its way into our leading text-books
is 1- Fahrenheit for every fifty-three feet descent. The data
upon which this unit was based were derived, largely, from
mine shafts and well sections located in or near disturbed
areas, or areas whose sedimentary rocks contained igneous
injections. Later observations, made in regions where the
sedimentary series have remained practically horizontal
throughout all time and igneous rocks are absent, have
tended to lengthen the interval.

Among the most recent and reliable contributions to this
subject are those of Prof. William Hallock, of Columbia col-
lege, on the deep well at Wheeling, W. Va., and Mr. E.
Dunker, of Halle, Germany, on the deep wells at Sperenberg,
near Berlin, and Schladabach, near Leipzig. Professor Hal-
lock’s results for the Wheeling well give a gradient of 1° I for
every 81.5 feet, down to 3,200, and below this point an increase
of 1° F', for every 60 feet was recorded. Mr. Dunker’s obser-
vations at Sperenberg give a gradient of 1 I. for every 59.2
feet, and at Schladabach the increase is 1° F. for every 65
feet. -

The temperature observations conducted under the direc-
tion of Prof. A. Agassizt on the Calumet and Hecla mine, in
the Lake Superior copper district, give results somewhat at

*The writer desires to acknowledge his indebtedness to Prof. William Hallock, of Oolumbia
college, for many helpful suggestions. Among the many courtesies extended by the depart-
ment of Mechanical Engineering of the [owa State Oollege, speclal creditisdue, for devising
an ingenious contrivance for lowering the thermometer and measuring distances, without
which the observatlons could not have been made.

*Am. Jour. 8ci. (3), vol. L, p. 503. 1895,
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variance with those earlier reported. The plane, 105 feet
below the surface, with a temperature of 59° F. was assumed
as the level unatfected by seasonal changes. The mine reaches
a depth of 4,580 feet and has a temperature of 79° F. at the
bottom. This gives a differential of 20°, or an average
increase of 1° I for every 223.7 feet.

The wells upon which the present observations were made
are practically full of water and had not been disturbed for
more than a month before
the temperatures were
taken. Professor Hallock’s
investigations onthe Wheel-
ing well, both when the well
was dry and when full of
water, shows that convec-
tion currents are essentially
) L I nil and may be neglected
' in ordinary temperature re-
ductions. No corrections
aremade for convection cur-
rents nor for conduction, in
the present investigation.
A Miller-Casella self-regis-
tering, maximum-minimum
M thermometer®* was used.
'|‘:'; The instrument was low-
EREREEREIN ered and the depths meas-
ured by a steel wire which
passed around a calibrated
drum. In the college well,

73”1!’!8T‘dTLLI"e OJ’)SEI"\/(;\"AOHS Oﬂf‘ﬂ(_

Co”ege and Greenwood ParkDee;q Wells.
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t r readings were taken every
100 feet, while in the Green-

ek wood park well the inter-

val between readings was 250 feet. The results are
shown in Figure 29, where the temperature gradients are

#Generously loaned by the U. 8. Fish Commission.
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drawn to scale. The mean annual temperature at Ames* is
47.2° F., while the temperature at 2,100 feet is 63.4 F., and
the mean average gradient is 1" F\. for every 129.6 feet. The
mean annual temperature at Des Moinest is 48.7" F., and the
temperature at 2,250 feet is 70 K., giving an increase of 1°
. for every 105.6 feet. The temperature gradient for the
college well is a more or less uniform curve, while that of the
Greenwood park well is a parabolic curve. In the latter
instance the temperature increment is 1 . for every 63.4
feet through the first 1,250 feet, while the last 1,000 feet,
measured shows a total increase of but 1.7 F.

Natural Gas.

Several years since Mr. J. F. Taylor, in sinking a well on
his farm, struck a flow of natural gas. The flow was suffi-
cient to furnish the family with heat and light, and was so
utilized for several years. The gas pressure is reported to
have continued undiminished until the well was filled in some
two years ago. The boring was located on the Ne. qr. of the
Sw. 1 of Sec. 26 in Nevada township. The mouth of the well
is on the upland, and the gas-bearing stratum was reached at
about ninety feet below the surface after two feet of indu-
rated rock had been penetrated. Two test holes were put
down in the near neighborhood, and in each instance gas was
reached at somewhat lower levels, but under practically
identical circumstances as in the case of the first well. The
gas reservoir appears to be located in the coal measures, and
to be separated by several feet of more or less impervious
strata from the drift. This factis of someinterest, forin most
of the gas wells reported from the southwestern portion of
the state, the reservoirs are located wholly within, or just at
the base of, the Pleistocene deposits. The occurrence is
strikingly similar to the gas and oil wells in Kansas, which
draw their hydro-carbon from the Upper Carboniferous.

*Reduced by J. R. Sage, director of the lowa Weather and Urop Service.
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It has often been prophesied that gas and oil would be found
in the Trenton limestone of Iowa, providing a low anticlinal
in the formation can be found and explored. Prospecting has
been carried on at great expense in Polk and Dallas counties,
by parties familiar with the eastern oil fields and said to be
backed by eastern capital. The records of the drillings were
kept secret, and an air of secrecy surrounded the whole oper-
ation. One fact only is known to the public, and that is that
nothing ever came of these ventures. In Story county the
Trenton limestone has been explored at but a single point.
The college well at Ames appears to be ideally located to
test the ‘‘gas theory’ thoroughly for Towa. The arch of
Trenton, hermetically sealed in by the Maquoketa shales,
was punctured near its greatest amplitude, and so far as
known not a bubble of gas or a drop of oil escaped. Prof.
Edward Orton’s* prediction, ¢ there is a strong presumption
that the Trenton limestone will not prove an oil rock or a gas
rock in any new field ”” still holds unchallenged.
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